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of electric and natural gas utilities. The market capitalization of electric utilities grew dramatically
from just approximately $6.5B in 2004 to nearly $16.0B in 2016, while natural gas utilities grew
much more dramatically from approximately $1.5B in 2004 to just nearly $4.0 in 2016. Since
relative size is an indication of the relative investment risk between companies or groups of
companies as recognized by the FPSC with inclusion of a “Small-Utility Premium” in its leverage
formula, the significantly smaller size of water and wastewater utilities on average exacerbates

their investment risk.

Later in these comments, size as a factor of risk will be discussed in more depth, as
specifically related to the FPSC Natural Gas Index and a group of publicly traded water and
wastewater utilities, as well as UIF and by inference the other small water and wastewater utilities

to whom the leverage formula applies.
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Therefore, I suggest that the FPSC consider including a Water and Wastewater Utilities
Index in its annual Formula estimation, along with or replacing the Natural Gas Index. Since there
are so few publicly traded water and wastewater utilities, I suggest that the eight publicly traded
water utilities for which Value Line publishes a Rating and Report in its Standard Edition be used

as the Water and Wastewater Ultilities Index.
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Table 4

Market Times Greater than the
Capitalization (1) Company
($ Millions)
Utilities Inc. of Florida
Based upon the Natural Gas Index $96.251
Based upon the Water &
Wastewater Index
$134.608
Natural Gas Index $3,834.458 39.8X
Water & Wastewater Index $3,339.931 22.8X

(1) From page 1 of Schedule UIF-3 (Corrected).

As shown above, UIF’s estimated market capitalization of $96.251million based upon the
Natural Gas Index is lower than the average market capitalization of that Index, $3.834 billion, or
39.8 times greater than UIF. Also, UIF’s estimated market capitalization of $134.608 million based
upon the Water and Wastewater Index is also lower than the average market capitalization of that

index $3.339 billion, or 22.8 times greater than UIF.

Consequently, UIF has greater relative business risk because, all else being equal, size has
a bearing on risk. Since Investors demand a higher return to compensate for assuming greater risk,
UIF’s greater relative business risk must be reflected in the cost of common equity derived from

the market data of the less business risky Natural Gas and Water and Wastewater Indices.

An indication of the magnitude of an adjustment for the greater relative business risk due
to smaller relative size is based upon the size premiums for the decile portfolios of New York

Stock Exchange (NYSE), American Stock Exchange (AMEX) and NASDAQ listed companies for
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Appendix A
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Appendix A
Schedule UIF-3

Page 2 of 2
(Corrected)
Market Capitalization of the
Natural Gas Index and the Water and Wastewater Index
[1] [2] 3]
Market
Capitalization Market-to-
Company Total Common Equity (2) Book Ratio (3)
( millions ) ( millions )

Utilities Inc. of Florida $ 47.00 (1)
Natural Gas Index $ 96.251 (4) 204.8 % (5)
Water and Wastewater Index $ 134.608 (4) 286.4 % (5)
Natural Gas Index
Atmos Energy Corporation $ 3,463.00 $ 8,374.60 241.8 %
Northwest Natural Gas Company $ 850.50 $ 1,704.30 200.4
WGL Holdings $ 1,404.00 $ 4,217.20 300.4
Southwest Gas Holdings $ 1,661.00 $ 1,523.29 91.7
Spire Inc. $ 1,768.00 $ 3,352.90 189.6
Average $ 1,829.30 $ 3,834.46 204.8 %
Water and Wastewater Index
Aqua America Inc $ 1,850.07 $ 5,700.00 308.1 %
American Water Works Company $ 5,218.00 $ 12,900.00 247.2
American States Water $ 494.30 $ 1,600.00 323.7
California Water Service Group $ 659.47 $ 1,700.00 257.8
Connecticut Water Service Inc $ 236.03 $ 600.00 254.2
Middlesex Water Company $ 218.44 $ 600.00 274.7
SJW Group $ 421.65 $ 975.00 231.2
York Water Company $ 114.06 $ 450.00 394.5
Average $ 1,151.501 $ 3,065.625 286.4 %

NA= Not Available

Notes: (1) Company provided

Column 3 / Column 1.

(2) From Data Input Tab

(3) Column 2 / Column 1.

(4) If Utilities Inc. of Florida's common stock traded at a market-to-book ratio
equal to the average market-to-book ratio of the Natural Gas Distribution
Index, 164.8%, its market capitalization would be $77.433 million. If
Utilities Inc. of Florida's common stock traded at a market-to-book ratio
equal to that of the Water and Wastewater Index, 286.4%), its market
capitalization would be $134.608 million.

(5) The market-to-book ratio of Utilities Inc. of Florida is assumed to be equal to
the market-to-book ratio of the Natural Gas Distribution Index and the
Water and Wastewater Index, respectively.
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Drinking Water

6 billion gallons of
treated water lost every day

OVERVIEW

Drinking water is delivered via one million miles of pipes across the country. Many of those pipes were
laid in the early to mid-20™" century with a lifespan of 75 to 100 years. The quality of drinking water in
the United States remains high, but legacy and emerging contaminants continue to require close
attention. While water consumption is down, there are still an estimated 240,000 water main breaks per
year in the United States, wasting over two trillion gallons of treated drinking water. According to the
American Water Works Association, an estimated $1 trillion is necessary to maintain and expand service
to meet demands over the next 25 years.

CAPACITY AND CONDITION

The United States uses 42 billion gallons of water a day to support daily life from cooking and bathing in
homes to use in factories and offices across the country. Around 80% of drinking water in the U.S. comes
from surface waters such as rivers, lakes, reservoirs, and oceans, with the remaining 20% from
groundwater aquifers. In total, there are approximately 155,000 active public drinking water systems
across the country. Most Americans — just under 300 million people — receive their drinking water from
one of the nation’s 51,356 community water systems. Of these, just 8,674 systems, or 5.5%, serve more
than 92% of the total population, or approximately 272.6 million people. Small systems that serve the
remaining 17.4% of the population frequently lack both economies of scale and financial, managerial,
and technical capacity, which can lead to problems of meeting Safe Drinking Water Act standards.
Drinking water is delivered via one million miles of pipes across the country. Many of those pipes were
laid in the early to mid- 20" century with a lifespan of 75-100 years. With utilities averaging a pipe
replacement rate of 0.5% per year, it will take an estimated 200 years to replace the system — nearly
double the useful life of the pipes.

[ ECIH INFRASTRUCTURE
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Because America’s drinking water infrastructure provides a critical service, significant new investment
and increased efficiencies are needed as filtration plants, pipes, and pumps age past their useful life.
Every day, nearly six billion gallons of treated drinking water are lost due to leaking pipes, with an
estimated 240,000 water main breaks occurring each year. It is estimated that leaky, aging pipes are
wasting 14 to 18% of each day’s treated water; the amount of clean drinking water lost every day could
support 15 million households.

To address deteriorating water infrastructure, asset management provides utility managers and
decision-makers with critical information on capital infrastructure assets and timing of investments.
Some key steps for asset management include making an inventory of critical assets; evaluating their
condition and performance; developing plans to maintain, repair, and replace assets; and funding these
activities.

While drinking water infrastructure is funded primarily through a rate-based system, the investment has
been inadequate for decades and will continue to be underfunded without significant changes as the
revenue generated will fall short as needs grow. According to the American Water Works Association,
upgrading existing water systems and to meeting the drinking water infrastructure needs of a growing
population will require at least $1 trillion.

The majority of funding for drinking water infrastructure comes from revenue generated by rate payers.
In the nation’s largest 50 cities, the rate users pay varies greatly; the lowest average monthly water bill
is $14.74 in Memphis, while Seattle residents pay the most at $61.43. This large gap exemplifies the
varied approaches to rate structure, as well as the contrast of need and investment across the country.
While higher rates that reflect the true cost of service are important, public assistance programs should
be considered for low income populations. Between 2009 and 2014, state and local governments
decreased capital spending for both drinking water and wastewater by 22%; at the same time, federal
capital spending did not change significantly.

The federal government offers financial support to local governments and utilities in the form of loans
through the Drinking Water State Revolving Fund, which provides low-interest loans to state and local
water infrastructure projects. The Environmental Protection Agency (EPA) provides an allotment of
funding for each state, and each state provides a 20% match. Since the program’s inception, $32.5
billion of low-interest loans have been allocated. However, with needs far surpassing the program’s
budget, it is unable to meet all investment needs or fund every deserving project.

In 2014, Congress authorized a new mechanism to fund primarily large water infrastructure projects
over $20 million through the Water Infrastructure Finance and Innovation Act (WIFIA). In 2016 Congress
appropriated $17 million in funds for the program. It is estimated that using WIFIA’s full financial
leveraging ability that a single dollar injected into the program can create $50 dollars for project lending.
Under current appropriations, EPA estimates that current budget authority may provide more than $1
billion in credit assistance and may finance over $2 billion in water infrastructure investment.

INFRASTRUCTURE
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Drinking Water State Revolving Fund
Appropriations and Funding
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FUTURE NEED

Municipal drinking water consumption in the United States has declined by 5% this decade, marking the
first time in nearly 40 years that water use at home has decreased. Total freshwater withdrawals this
decade continue to decline in almost every sector including agriculture, industrial, domestic, and
thermoelectric. This is primarily due to increased efficiencies and the reduction in withdrawals for
retired coal-fired power plants.

Drinking water needed for public supply in the United States has been relatively flat since 1985 even as
the population has increased by approximately 70 million people over the same period. Water
conservation efforts, including through water efficient fixtures, have had a significant impact in reducing
per capita water usage. Importantly, while per capita demand has fallen, population trends have
significantly challenged how cities manage water. For example, the Government Accountability Office
estimates that 99 of 674 midsized cities in the U.S. are shrinking. This poses significant challenges to
utility managers; fewer rate payers and a declining tax base make it difficult to raise funds for capital
infrastructure plans. To respond, utilities must raise rates, often in cities where jobs and pay have not
kept pace with the economy, putting a burden on those who can least afford rate increases. Conversely,
in areas of the country that are growing, such as the West and Southwest, water managers must
respond to increased overall demand.

PUBLIC SAFETY

Drinking water quality in the United Sates remains the safest in the world. The EPA sets legal limits for
over 90 contaminants in drinking water. The Safe Drinking Water Act (SDWA) allows states to set and
enforce their own drinking water standards as long as the standards meet or exceed EPA’s minimum

[ INFRASTRUCTURE
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national standards. Smaller systems that serve under 10,000 people report that a lack of resources and
personnel can limit the frequency of testing, monitoring, maintenance, and technical capability in their
systems. With sufficient funding and proper oversight, these risks can be mitigated and water quality
can remain safe.

America’s drinking water infrastructure doesn’t stop at pipe, reservoir, pump station, and treatment
plant upgrades; many threats to drinking water infrastructure can be attributed to the sources of
drinking water, such as polluted water bodies, depleted aquifers, and inadequate storage. As
watersheds continue to be impacted by shifting migration patterns, land use changes, consumption
trends, and extreme weather, water infrastructure upgrades will be required to meet new demands.
With proper planning, education, and conservation utilities are making strides to ensure demand is met
for decades to come. Water conservation and improvements in water-use efficiency appear to have
gained a general acceptance among water utilities as a sensible practice of water management.

According to the American Water Works Association, a majority of utilities —74%— have a formal
conservation program, and 86% consider conserved water as one of their water supply alternatives.
Additionally, many communities that have separate drinking water and wastewater departments are
beginning to work together or even consolidate, creating “one water” utilities that manage water more
holistically.

e Reinvigorate the State Revolving Loan Fund (SRF) program under the Safe Drinking Water Act
through permanent reauthorization and tripling the amount of annual appropriations.

o Fully fund the Water Infrastructure Finance and Innovation Act (WIFIA) at its authorized level.

e Preserve tax exempt municipal bond financing. Low-cost access to capital helps keep lending for
drinking water upgrades strong and accessible for communities large and small.

e Establish a federal Water Infrastructure Trust Fund to finance the national shortfall in funding of
infrastructure systems under the Clean Water Act.

e Eliminate the state cap on private activity bonds for water infrastructure projects to bring an
estimated $6 to S7 billion annually in new private financing.

e Encourage utilities to take regional approaches for water delivery to take advantage of
economies of scale.

e Increase federal support and funding for green infrastructure, watershed permitting, and other
programs that promote the concept of “one water” to protect source watersheds.

e Encourage utilities to conduct revenue forecasting models to determine the necessary rate
revenues over a period of time and then institute rates that reflect the true cost of supplying
clean, reliable drinking water.

e Encourage utilities to undertake asset management programs.

e Increase federal and local support for vocational training in the drinking water sector as
engineers, operators, and maintenance staff begin to retire in large numbers.

[ E&IE INFRASTRUCTURE
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e Support and advance conservation ballot measures that protect source water through dedicated
funding to land and water protection.

e Utility managers must remain diligent to ensure science-based decisions control operations and
facility function. While lead and other contaminants post significant health concerns when
ignored, with proper funding safe and clean drinking water can be ensured.

Non-community Water System is a public water system that is not a community water system and that
regularly serves at least 25 of the same people over six months/year. These may include systems that
provide water to schools, day care centers, government/military installations, manufacturers, hospitals
or nursing homes, office buildings, and other facilities.
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American Water Works Association, Successful Conservation Strategies Reveled, April 14, 2016.

http://www.awwa.org/publications/connections/connections-story/articleid/4135/successful-
conservation-strategies-revealed.aspx

Environmental Protection Agency, Information About Public Water Systems.
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spending-water/
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ore than 23% by 2032

OVERVIEW

The nation’s 14,748 wastewater treatment plants protect public health and the environment. Years of
treatment plant upgrades and more stringent federal and state regulations have significantly reduced
untreated releases and improved water quality nationwide. It is expected that more than 56 million new
users will be connected to centralized treatment systems over the next two decades, and an estimated
$271 billion is needed to meet current and future demands. Through new methods and technologies
that turn waste into energy, the nation’s 1,269 biogas plants help communities better manage waste
through reuse.

CAPACITY & CONDITION

Wastewater removal and treatment is critical to protect public health. Wastewater treatment processes
improve water quality by reducing toxins that cause harm to humans and pollute rivers, lakes, and
oceans. Wastewater enters the treatment system from households, business, and industry through
public sewer lines and, in many places across the country, stormwater drains.

Wastewater treatment is typically overseen by a community utility or public works department that
ensures water quality standards are met before the treated water is discharged back into the
environment. In most localities, all publicly-supplied water is treated to meet federal drinking water
standards, regardless of whether it will be used for drinking. Nearly 240 million Americans — 76% of the
population —rely on the nation’s 14,748 treatment plants for wastewater sanitation. By 2032 it is
expected that 56 million more people will connect to centralized treatment plants, rather than private
septic systems —a 23% increase in demand. In the U.S., there are over 800,000 miles of public sewers
and 500,000 miles of private lateral sewers connecting private property to public sewer lines. Each of
these conveyance systems is susceptible to structural failure, blockages, and overflows. The U.S.
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Environmental Protection Agency (EPA) estimates that at least 23,000 to 75,000 sanitary sewer overflow
events occur in the United States each year.

As new users are connected to centralized treatment, older conveyance and treatment systems must
manage increasing flow or new treatment facilities must be constructed. It is estimated 532 new
systems will need to be constructed by 2032 to meet future treatment needs.

Stormwater — runoff from rain or snow melt — also requires collection and treatment infrastructure. 39
states have one or more stormwater utility and seven states have 100 or more stormwater utilities. The
number of communities with stormwater utilities or fees has grown from approximately 1,400 in 2013
to 1,600 in 2016.

In approximately 772 communities in the U.S., wastewater and stormwater drain into the same
treatment system. These combined sewer systems can experience capacity issues following heavy rain
events, resulting in overflows containing stormwater as well as untreated human and industrial waste,
toxic substances, debris, and other pollutants. Called combined sewer overflows (CSOs), these
occurrences can significantly impair water quality and impact public health and wildlife. After non-point
source pollution (e.g., agricultural runoff and stormwater), combined sewer overflows are a leading
source of water pollution in the U.S. The problem is exacerbated when communities have large amounts
of impervious surfaces — concrete sidewalks, roads, parking lots, traditional roofs — that increase the
amount of runoff entering the stormwater system.

Data on stormwater infrastructure and CSOs are limited. In 2016, the EPA released a report to Congress
on CSOs in the Great Lakes region. For the 184 CSO communities that discharge CSOs in the Great Lakes
Basin, there were 1,482 CSO events in 2014, discharging an estimated 22 billion gallons of untreated
wastewater into the Great Lakes Basin. Even these numbers were on the low side, as several
communities did not report or have data available. In 2015, EPA finalized the National Pollutant
Discharge Elimination System (NPDES) electronic reporting rule, requiring the filing of discharge
monitoring reports; this will make more CSO data available to the public.

The EPA estimates $271 billion is needed for wastewater infrastructure over the next 25 years. While
the federal government provides some funding through the Clean Water State Revolving Fund (CWSRF),
according to the U.S. Conference of Mayors 95% of spending on water infrastructure is made at the local
level.

The federal government has provided on average $1.4 billion per year over the past five years to the 50
states and the District of Columbia through the Clean Water State Revolving Fund (CWSRF) programs.
They, in turn, have provided on average a total of $5.8 billion per year in financial assistance to eligible
recipients, primarily as discounted loans. In 2015 the annual assistance agreement for the CWSRF was
$5.6 billion and in 2016 that number increased by $2 billion to $7.6 billion. Of the major infrastructure
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categories the federal government
funds, water services receive less than
5%. It is estimated local governments
spend $20 billion a year on capital
sewer expenditures and $30 billion
annually on O&M.

As cities continue to experience
population growth, particularly in the

6
south and west, new housing
developments are constructed, and
. rural households switch from septic

systems to public sewers, pressure on
existing centralized systems and
‘? N— E —_——" treatment plant infrastructure will
require billions of dollars in new
investment to meet federal regulatory requirements. 75% would go toward treatment plant
improvements, conveyance system repairs, new conveyance systems, and recycled water distribution;
18% to CSO correction; and about 7% to stormwater management.

Clean Water State Revolving Fund
Appropriations and Funding
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Cities and towns across the country report that complying with federal wastewater and stormwater
regulations represents some of their costliest capital infrastructure projects. Local governments rely on
a mix of funding, including sewer rates, dedicated fees such as stormwater or watershed restoration
fees, local taxes, and the federal government. Approximately half of total annual expenditures in the
wastewater sector go to operation and maintenance (0&M) and this share will likely rise further against
capital investments. Since no federal funding may be used to pay for O&M, the full burden falls on rate
payers.

Funding both capital projects and O&M is difficult because the public often does not see or appreciate
the modern convenience of wastewater treatment, making it difficult to convey the need for sewer rate
increases. Further, the rates charged on monthly bills are generally set by local governments and can be
subject to political influence. As a result, wastewater rates often do not cover the full cost of service,
particularly as needs rise due to aging systems, a growing number of users, and additional water quality
measures. The majority of treatment facility expenses are supported by rate payers, however rising
utility bills can present affordability issues. In a 2014 survey of the nation’s 50 largest cities, average
monthly sewer bills ranged from $12.72 in Memphis to $149.35 in Atlanta.

Through the Water Infrastructure Finance and Innovation Act (WIFIA) of 2014, Congress authorized a
new mechanism to primarily fund large water infrastructure projects over $20 million. In December
2016, the WIFIA program received $20 million in appropriations and began releasing funding
opportunities to prospective borrowers in January 2017. EPA estimates that this appropriation will result
in approximately $1 billion in loans supporting approximately S2 billion in water and wastewater
infrastructure investments.
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Treatment plants are typically located at the bottom of watersheds or coastal and riverine areas. Given
these locations, many utilities have recently undertaken studies to assess vulnerability to more extreme
flooding events and sea level rise. For instance, during Superstorm Sandy in 2012, several wastewater
treatment plants in New York and New Jersey were inundated with storm surge, causing hundreds of
millions of gallons of untreated sewage to spill into neighboring waterways. In the years since, many of
these plants and others across the U.S. have developed resilience plans and increased infrastructure
fortification against floods and storm surge.

Treatment plants are also rethinking biosolid disposal through nutrient recovery programs. Biosolids are
the organic materials left over following the treatment process. Traditionally biosolids were considered
waste and transferred to landfills. However, when properly treated and processed biosolids become
nutrient rich organic material that can be applied as fertilizer or, through the use of anaerobic digesters
and centrifuges, can be pelletized and incinerated at high pressure and temperature for use as energy.
According to the American Biogas Council, there are currently 1,269 water resource recovery facilities
using anaerobic digesters, with about 860 using biogas as a new energy source to reduce demand and
costs from traditional, grid-supplied energy sources. More than 2,440 plants have been identified as ripe
for future biogas development projects, which, when combined with other biogas sources such as
agriculture, could produce enough energy to power 3.5 million American homes.

Through the advent of new treatment methods such as reverse osmosis, ozone, and ultraviolent light,
treated water can be processed quicker than traditional chlorine contact methods. With less processing
and holding time, plants can treat more wastewater and often discharge a cleaner, purer product back
into the environment.

With heavy rain events in some regions of the country, and water shortages in others, wastewater and
stormwater are increasingly reused. New methods and technologies of reusing water have allowed
communities to better manage precious water supplies by treating wastewater products to levels
required for commercial, irrigation, and industrial uses.

e Reinvigorate the State Revolving Loan Fund (SRF) under the Clean Water Act by reauthorizing
the minimum federal funding of $20 billion over five years.

e Fully fund the Water Infrastructure Finance and Innovation Act (WIFIA) at its authorized level.

e Preserve tax exempt municipal bond financing. Low-cost access to capital helps keep lending for
wastewater upgrades strong and accessible for communities large and small.

e Eliminate the state cap on private activity bonds for water infrastructure projects to bring an
estimated $6 billion to $7 billion annually in new private financing.

e Establish a federal Water Infrastructure Trust Fund to finance the national shortfall in funding of
infrastructure systems under the Clean Water Act.

e Preserve the status of tax-exempt bonds. These bonds have funded more than $1.9 trillion in
infrastructure construction in the last decade alone.

e Raise awareness of the true cost of wastewater treatment.

INFRASTRUCTURE
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e Achieve Clean Water Act compliance in a way that minimizes the impact on lower-income
residents and on economic competitiveness through bill payment assistance; revisiting EPA
affordability guidelines; renewed or enhanced federal and state aid; and redirecting other aid
sources to sewer-mandate compliance.

e Support green infrastructure, which provides co-benefits such as water and air quality
improvement, aesthetic value to communities, and cost competitiveness.

Clean Water Act State Revolving Fund (CWSRF) — Program added to the Clean Water Act by Congress
in 1987 to make funds available to drinking water systems to finance infrastructure improvements.

Clean Watersheds Needs Survey (CWNS) — A survey of wastewater infrastructure investment needs
over 20 years undertaken by the Environmental Protection Agency's Office of Wastewater Management
in conjunction with the states every four years. The CWNS is required by the Clean Water Act.

Sanitary Sewer Overflows (SSOs) — occasional unintentional discharges of raw sewage from municipal
sanitary sewers due to blockages, line breaks, sewer defects that allow storm water and groundwater to
overload the system, lapses in sewer system operation and maintenance, power failures, inadequate
sewer design, and vandalism. EPA estimates that there are at least 23,000 to 75,000 SSOs per year.

Green Infrastructure — A man-made or natural system to prevent stormwater runoff that allows most
precipitation to be absorbed or infiltrated into the ground where it replenishes aquifers, nourishes
plants, and supplies water to nearby streams during low flows.

Large Community Water Systems — systems serving more than 50,000 people

Medium Community Water Systems — systems serving 3,301 to 50,000 people

Small Community Water Systems — systems serving 3,300 or fewer people

Water Infrastructure Finance Innovations Authority (WIFIA) — If enacted by Congress, a program that
would access funds from the U.S. Treasury at Treasury rates and use those funds to support loans and
other credit mechanisms for projects to repair or replace aging drinking water and wastewater

infrastructure. The loans would be repaid to the Authority and then to the U.S. Treasury with interest.

Combined Sewer Systems — Sewers that are designed to collect rainwater runoff, domestic sewage,
and industrial wastewater in the same pipe.

Combined Sewer Overflows (CSOs) — Contain not only stormwater but also untreated human and

industrial waste, toxic materials, and debris when heavy rainfall produces a volume of water that
exceeds the capacity of a combined sewer.

American Water Works Association, State of the Water Industry, March 2016
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Black and Veatch, 50 Largest City Water/Wastewater Utility Rate Survey, April 2013

Congressional Budget Office, Public Spending on Transportation and Water Infrastructure, 1956 to 2014,
March 2015

Environmental Protection Agency, Clean Water Needs Survey, 2012 Report to Congress, December
2016.

Environmental Protection Agency, EPA State of Technology for Rehabilitation of Wastewater Collection
Systems, July 2010

Environmental Protection Agency, Sanitary Sewer Overflows: National Pollutant Discharge Elimination
System, November 2015

Environmental Protection Agency, Keeping Raw Sewage & Contaminated Stormwater Out of the Public’s
Water, March 2011

Environmental Protection Agency, Report to Congress, Combined Sewer Overflows into the Great Lakes
Basin, April 2016

U.S. Conference of Mayors, Local Government Investment in Municipal Water and Sewer Infrastructure:
Adding Value to the National Economy, August 2008

U.S. Conference of Mayors, Struggling Local Government Finances and Decelerating Public Water
Investment, Jun 2015

Western Kentucky University, Stormwater Utility Survey, 2014.
https://www.wku.edu/engineering/civil/fpm/swusurvey/

GAME CHANGERS

While all categories of American infrastructure require modernization and
improvement, civil engineers, local communities, all levels of government, and the
private sector have already started to develop innovative approaches to address our
nation’s significant infrastructure needs.
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Any forward-looking cost of capital calculation already embodies tax effects
since investors price securities on the basis of after-tax returns. Besides, a very
large proportion of trading is conducted by tax-exempt financial institutions
(pension funds, mutual funds, 401K, etc.) for whom tax issues are largely
immaterial.

The existence of a negative risk premium is highly unlikely, as it is at serious
odds with the basic tenets of finance, economics, and law. Using proper
definitions for expected rates of return of equity and debt, the preponderance
of the evidence indicates that the negative risk premium does not exist. Several
risk premium studies cited in this chapter have found positive risk premiums
well in excess of 5% over the last decade. Risk premiums do narrow during
unusually turbulent and volatile interest rate environments, but then return to
normal levels. They are most unlikely to ever become negative.

4.7 Risk Premium Determinants

Fundamentally, the primary determinant of expected returns is risk. To wit,
the various paradigms of financial theory, including the Capital Asset Pricing
Model and the Arbitrage Pricing Model covered in subsequent chapters, posit
fundamental relationships between return and risk. There are also secondary
influences on the relative magnitude of the risk premium, however, including
the level of interest rates, default risk, and taxes.

Interest Rates

Published studies by Brigham, Shome, and Vinson (1985), Harris (1986),
Harris and Marston (1992, 1993), Carleton, Chambers, and Lakonishok (1983),
Morin, (2005), and McShane (2005), and others demonstrate that, beginning
in 1980, risk premiums varied inversely with the level of interest rates—
rising when rates fell and declining when interest rates rose. The reason for
this relationship is that when interest rates rise, bondholders suffer a capital
loss. This is referred to as interest rate risk. Stockholders, on the other hand,
are more concerned with the firm’s earning power. So, if bondholders’ fear
of interest rate risk exceeds shareholders’ fear of loss of earning power, the
risk differential will narrow and hence the risk premium will shrink. This is
particularly true in high inflation environments. Interest rates rise as a result
of accelerating inflation, and the interest rate risk of bonds intensifies more
than the earnings risk of common stocks, which are partially hedged from
the ravages of inflation. This phenomenon has been termed as a ““lock-in’’
premium. Conversely in low interest rate environments, when bondholders’
interest rate fears subside and shareholders’ fears of loss of earning power
dominate, the risk differential will widen and hence the risk premium will
increase.
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Harris (1986) showed that for every 100 basis point change in government
bond yields, the equity risk premium for utilities changes 51 basis points in
the opposite direction, for a net change in the cost of equity of 49 basis points.
For example, a 100 basis point decline in government bond yields would lead
to a 51 basis point increase in the equity risk premium and therefore an overall
decrease in the cost of equity of 49 basis points, a result almost identical to
the estimate reported in Morin (2005). As discussed earlier, similar results
were uncovered by McShane (2005), who examined the statistical relationship
between DCF-derived risk premiums and interest rates using a sample of
natural gas distribution utilities.

The gist of the empirical research on this subject is that the cost of equity
has changed only half as much as interest rates have changed in the past. The
knowledge that risk premiums vary inversely to the level of interest rates can
be used to adjust historical risk premiums to better reflect current market
conditions. Thus, when interest rates are unusually high (low), the appropriate
current risk premium is somewhat below (above) that long-run average. The
empirical research cited above provides guidance as to the magnitude of the
adjustment. ’

Risk premiums also tend to fluctuate with changes in investor risk aversion.
Such changes can be tracked by observing the yield spreads between different
bond rating categories over time. Brigham, Shome, and Vinson (1985) exam-
ined the relationship between risk premium and bond rating and found, unsur-
prisingly, that the risk premiums are higher for lower rated firms than for
higher rated firms. Figure 4-5 shows the results graphically.

FIGURE 4-5
RISK PREMIUMS VS BOND RATINGS
ELECTRIC UTILITIES

9.0

% Risk Premium

Aaa/AA AA Aa/A A A/BBB BBB <BBB

Bond Rating

Source: Brigham, Shome, and Vinson (1985).
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Chapter 6
Alternative Asset Pricing Models

6.1 Empirical Validity of the CAPM

The last chapter showed that the practical difficulties of implementing the
CAPM approach are surmountable. Conceptual and empirical problems
remain, however.

At the conceptual level, the CAPM has been submitted to criticisms by
academicians and practitioners. Contrary to the core assumption of the CAPM,
investors may choose not to diversify, and bear company-specific risk if
abnormal returns are expected. A substantial percentage of individual investors
are indeed inadequately diversified. Short selling is somewhat restricted, in
violation of CAPM assumptions. Factors other than market risk (beta) may
also influence investor behavior, such as taxation, firm size, and restrictions
on borrowing.

At the empirical level, there have been countless tests of the CAPM to
determine to what extent security returns and betas are related in the manner
predicted by the CAPM. The results of the tests support the idea that beta is
related to security returns, that the risk-return tradeoff is positive, and that
the relationship is linear. The contradictory finding is that the risk-return
tradeoff is not as steeply sloped as predicted by the CAPM. With few excep-
tions, the empirical studies agree that the implied intercept term exceeds the
risk-free rate and the slope term is less than predicted by the CAPM. That
is, low-beta securities earn returns somewhat higher than the CAPM would
predict, and high-beta securities earn less than predicted. This is shown pictori-
ally in Figure 6-1. A CAPM-based estimate of cost of capital underestimates
the return required from low-beta securities and overstates the return required
from high-beta securities, based on the empirical evidence. Brealey, Myers,
and Allen (2006), among many others,! provide recent empirical evidence
very similar to the relationship depicted in Figure 6-1. This is one of the most

! For a summary of the empirical evidence on the CAPM, see Jensen (1972) and
Ross (1978). The major empirical tests of the CAPM were published by Friend
and Blume (1975), Black, Jensen, and Scholes (1972), Miller and Scholes (1972),
Blume and Friend (1973), Blume and Husic (1973), Fama and Macbeth (1972),
Basu (1977), Reinganum (1981B), Litzenberger and Ramaswamy (1979), Banz
(1981), Gibbons (1982), Stambaugh (1982), Shanken (1985), Black (1993), and
Brealey, Myers, and Allen (2006). Evidence in the Canadian context is available
in Morin (1980, 1981).
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FIGURE 6-
PREDICTED VS. OBSERVED CAPM RETURN ESTIMATES
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well-known results in finance. This result is particularly pertinent for public
utilities whose betas are typically less than 1.00. Based on the evidence, as
shown in Figure 6-1, a CAPM-based estimate of the cost of capital underesti-
mates the return required from such securities.

The empirical evidence also demonstrates that the SML is highly unstable
over short periods and differs significantly from the long-run relationship.
This evidence underscores the potential for error in cost of capital estimates
that apply the CAPM using historical data over short time periods. The
evidence’ also shows that the addition of specific company risk, as measured
by standard deviation, adds explanatory power to the risk-return relationship.

In short, the currently available empirical evidence indicates that the simple
version of the CAPM does not provide a perfectly accurate description of the
process determining security returns. Explanations for this shortcoming include
some or all of the following:

1. The CAPM excludes other important variables that are important in
determining security returns, such as size, skewness, and taxes.

2. The market index used in the tests excludes important classes of securi-
ties, such as bonds, mortgages, and business investments. There is a
further argument that the CAPM can never be really tested and that
such a test is infeasible. This is because the market index proxy used

* See Friend, Westerfield, and Granito (1978) and Morin (1980).
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in empirical tests of the CAPM is inadequate; since a true comprehensive
market index is unavailable, such tests will be biased in the direction
shown by the actual empirical results.’ Moreover, the CAPM is a
forward-looking expectational model and in order to test the model it
is necessary to predict investor expectations correctly. Any empirical
test of the CAPM is thus a test of the joint hypothesis of the model’s
validity and of the function used to generate expected returns from
historical returns.

3. Constraints on investor borrowing exist contrary to the assumption of
the CAPM.

4. Investors may value the hedging value of assets in protecting them
against shifts in later investment opportunities. See Merton (1973) and
Morin (1981).

Revised CAPM models have been proposed relaxing the above constraints,
each model varying in complexity, each model attempting to inject more
realism into the assumptions. Ross (1978), Tallman (1989), and more recently
Guo (2004) present excellent surveys of the various asset pricing theories and
related empirical evidence. These enhanced CAPMs produce broadly similar
expressions for the relationship between risk and return and engender an SML
that is flatter than the CAPM prediction, in line with the empirical evidence.
Section 6.2 focuses on the more tractable extensions of the CAPM that
possess some applicability to public utility regulation. Section 6.3 discusses
the Empirical CAPM. Section 6.4 describes the Arbitrage Pricing Model, a
viable alternative to the CAPM. Section 6.5 discusses the Fama-French Three-
Factor Model of asset pricing. The Market-Derived Pricing Model is described
in Section 6.6.

6.2 CAPM Extensions

Several attempts to enrich the CAPM’s conceptual validity and to ameliorate
its applicability have been advanced. One popular explanation of the CAPM’s
inability to explain security returns satisfactorily is that beta is insufficient
and other systematic risk factors affect security returns. The iraplication is
that the effects of these other independent variables should be quantified and
used in estimating the cost of equity capital. The impact of the supplementary
variables* can be expressed as an additive element to the standard CAPM
equation as follows:

? See Roll (1977).

* The Arbitrage Pricing Model and the Fama-French three-factor asset pricing model,
discussed in a later section, include factors other than the market that explain
observed security returns.
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The model is analogous to the standard CAPM, but with the return on a
minimum risk portfolio that is unrelated to market returns, Ry, replacing the
risk-free rate, Rz. The model has been empirically tested by Black, Jensen,
and Scholes (1972), who find a flatter than predicted SML, consistent with
the model and other researchers’ findings. An updated version of the Black-
Jensen-Scholes study is available in Brealey, Myers, and Allen (2006) and
reaches similar conclusions.

The zero-beta CAPM cannot be literally employed to estimate the cost of
capital, since the zero-beta portfolio is a statistical construct difficult to repli-
cate. Attempts to estimate the model are formally equivalent to estimating
the constants, a and b, in Equation 6-2. A practical alternative is to employ
the Empirical CAPM, to which we now turn.

6.3 Empirical CAPM

As discussed in the previous section, several finance scholars have developed
refined and expanded versions of the standard CAPM by relaxing the con-
straints imposed on the CAPM, such as dividend yield, size, and skewness
effects. These enhanced CAPMs typically produce a risk-return relationship
that is flatter than the CAPM prediction in keeping with the actual observed
risk-return relationship. The ECAPM makes use of these empirical findings.
The ECAPM estimates the cost of capital with the equation:

K=Re+a&+p x (MRP — &) (6-5)

where & is the ‘‘alpha’ of the risk-return line, a constant, and the other
symbols are defined as before. All the potential vagaries of the CAPM are
telescoped into the constant &, which must be estimated econometrically from
market data. Table 6-2 summarizes'® the empirical evidence on the magnitude
of alpha.!

1 The technique is formally applied by Litzenberger, Ramaswamy, and Sosin (1980)
to public utilities in order to rectify the CAPM’s basic shortcomings. Not only do
they summarize the criticisms of the CAPM insofar as they affect public utilities,
but they also describe the econometric intricacies involved and the methods of
circumventing the statistical problems. Essentially, the average monthly returns
over a lengthy time period on a large cross-section of securities grouped into
portfolios are related to their corresponding betas by statistical regression techniques;
that is, Equation 6-5 is estimated from market data. The utility’s beta value is
substituted into the equation to produce the cost of equity figure. Their own results
demonstrate how the standard CAPM underestimates the cost of equity capital of
public utilities because of utilities’ high dividend yield and return skewness.

" Adapted from Vilbert (2004).
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TABLE 6-2
EMPIRICAL EVIDENCE ON THE ALPHA FACTOR

Author Range of alpha
Fischer (1993) —3.6% to 3.6%
Fischer, Jensen and Scholes (1972) ~9.61% to 12.24%
Fama and McBeth (1972) 4,08% to0 9.36%
Fama and French (1992) 10.08% to 13.56%
Litzenberger and Ramaswamy (1979) 5.32% t0 8.17%
Litzenberger, Ramaswamy and Sosin (1980) 1.63% to 5.04%
Pettengill, Sundaram and Mathur (1995) 4.6%

Morin (1989) 2.0%

For an alpha in the range of 1%—2% and for reasonable values of the market
risk premium and the risk-free rate, Equation 6-5 reduces to the following
more pragmatic form:

K= Re + 0.25 (Ry — Re) + 0.75 B(Ry — Re) (6-6)

Over reasonable values of the risk-free rate and the market risk premium,
Equation 6-6 produces results that are indistinguishable from the ECAPM of

Equation 6-5.12

An alpha range of 1%-2% is somewhat lower than that estimated empirically.
The use of a lower value for alpha leads to a lower estimate of the cost of
capital for low-beta stocks such as regulated utilities. This is because the use
of a long-term risk-free rate rather than a short-term risk-free rate already
incorporates some of the desired effect of using the ECAPM. That is, the

12 Typical of the empirical evidence on the validity of the CAPM is a study by Morin
(1989) who found that the relationship between the expected return on a security
and beta over the period 1926-1984 was given by:

Retun = 0.0829 + 0.0520 8

Given that the risk-free rate over the estimation period was approximately 6% and
that the market risk premium was 8% during the period of study, the intercept of
the observed relationship between return and beta exceeds the risk-free rate by
about 2%, or 1/4 of 8%, and that the slope of the relationship is close to 3/4 of
8%. Therefore, the empirical evidence suggests that the expected return on a security
is related to its risk by the following approximation:

K=Rr+ x(Ry — Rp) + (1 — x)B(Ry — Rp)

where x is a fraction to be determined empirically. The value of x that best explains
the observed relationship Return = 0.0829 + 0.0520 B is between 0.25 and 0.30.
If x = 0.25, the equation becomes:

K = Rp + 025(Ry — Rp) + 0.758(Ry — R§)
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long-term risk-free rate version of the CAPM has a higher intercept and a
flatter slope than the short-term risk-free version which has been tested. Thus,
it is reasonable to apply a conservative alpha adjustment. Moreover, the
lowering of the tax burden on capital gains and dividend income enacted in
2002 may have decreased the required return for taxable investors, steepening
the slope of the ECAPM risk-return trade-off and bring it closer to the CAPM
predicted returns.”

To illustrate the application of the ECAPM, assume a risk-free rate of 5%,
a market risk premium of 7%, and a beta of 0.80. The Empirical CAPM
equation (6-6) above yields a cost of equity estimate of 11.0% as follows:

K = 5% + 0.25 (12% — 5%) + 0.75 X 0.80 (12% — 5%)
5.0% + 1.8% + 4.2%

= 11.0%

I

I

As an alternative to specifying alpha, see Example 6-1.

Some have argued that the use of the ECAPM is inconsistent with the use
of adjusted betas, such as those supplied by Value Line and Bloomberg. This
is because the reason for using the ECAPM is to allow for the tendency of
betas to regress toward the mean value of 1.00 over time, and, since Value
Line betas are already adjusted for such trend, an ECAPM analysis results
in double-counting. This argument is erroneous. Fundamentally, the ECAPM
is not an adjustment, increase or decrease, in beta. This is obvious from the
fact that the expected return on high beta securities is actually lower than that
produced by the CAPM estimate. The ECAPM is a formal recognition that
the observed risk-return tradeoff is flatter than predicted by the CAPM based
on myriad empirical evidence. The ECAPM and the use of adjusted betas
comprised two separate features of asset pricing. Even if a company’s beta
is estimated accurately, the CAPM still understates the return for low-beta
stocks. Even if the ECAPM is used, the return for low-beta securities is
understated if the betas are understated. Referring back to Figure 6-1, the
ECAPM is a return (vertical axis) adjustment and not a beta (horizontal
axis) adjustment. Both adjustments are necessary. Moreover, recall from
Chapter 3 that the use of adjusted betas compensates for interest rate sensitivity
of utility stocks not captured by unadjusted betas.

13 The lowering of the tax burden on capital gains and dividend income has no impact
as far as non-taxable institutional investors (pension funds, 401K, and mutual funds)
are concerned, and such investors engage in very large amounts of trading on
security markets. It is quite plausible that taxable retail investors are relatively
inactive traders and that large non-taxable investors have a substantial influence on
capital markets.
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A portfolio consisting of low-beta securities will itself have a low beta,
since the beta of any set of securities is a weighted average of the indi-
vidual securities’ betas:

b, = 2 wh; (6-5)

Here b, is the beta of the portfolio, which reflects how volatile the port-
folio is in relation to the market index; w; is the fraction of the portfolio
invested in the ith stock; and b; is the beta coefficient of the ith stock.

If an investor holds a $100,000 portfolio consisting of $10,000 invested
in each of 10 stocks, and if each stock has a beta of 0.8, then the portfolio
will have b, = 0.8. Thus, the portfolio is less risky than the market, and
it should experience relatively narrow price swings and have small rate
of return fluctuations.

Now suppose one of the existing stocks is sold and replaced by a stock
with b; = 2.0. This action will increase the riskiness of the portfolio from
bpl = 0.8 to bpz = 0.92:

bp = 2}1 wib; = 0.9(0.8) + 0.1(2.0) = 0.92.

Had a stock with b; = 0.2 been added, the portfolio beta would have
declined from 0.8 to 0.74. Adding this stock would, therefore, reduce
the riskiness of the portfolio.

In the preceding section, we saw that under the CAPM framework, beta
is the appropriate measure of a stock’s relevant risk. Now we must spec-
ify the relationship between risk and return—if beta rises by some spe-
cific amount, by how much must the stock’s expected return increase to
compensate for the increase in risk? To begin, let us define the following
terms:

ki = expected rate of return on the ith stock.

k; = required rate of return on the ith stock. If k is less than
ki, then you would not purchase this stock, or you would
sell it if you owned it.

R = riskless rate of return, generally measured by the rate of
return on U.5. Treasury securities.

b; = beta coefficient of the ith stock.
ky = required rate of return on an average (b = 1.0) stock. ky

= is also the required rate of return on a portfolio consisting
of all stocks, or the market portfolio.

2n

Portfolio Beia
Coefficients

The Relationship
between Risk
and Rates of
Return
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RPy = (kv — Rg) = market risk premium. It is the additional return over the
riskless rate required to compensate investors for assum-
ing an “average” amount of risk.

T e e

RP; = byky — Rg) = risk premium on the ith stock. The stock’s risk premium
is less than, equal to, or greater than the premium on an
average stock, depending on whether its beta is less than,
equal to, or greater than 1.0. If b; = 1.0, then RP; = RP,,.

The market risk premium, RPy;, depends on the degree of aversion
that investors, in the aggregate, have to risk." Let us assume that at the
current time Treasury bonds yield Rz = 8%, and an average share of
stock has a required return of ky = 12%. Therefore, the market risk
premium is 4 percent:

B e S e L

RPy = ky — Ry = 12% — 8% = 4%.

It follows that, if one stock were twice as risky as some other, its risk
premium would be twice as high, and, conversely, if its risk were only
half as high, its risk premium would be half as high, Further, we can
measure a stock’s relative riskiness by its beta coefficient. Therefore, if E
we know the market risk premium, RP;, and the stock’s beta coeffi-
cient, b, we can find its risk premium as the product by(RPy). For ex-
ample, if b; = 0.5 and RPy = 4%, then RP; is 2 percent:

Risk premium for Stock i = RP; = b(RPyy) = 0.5(4%) = 2.0%. (6-6)

To summarize, given estimates of Ry, ky, and b;, we can find the
required rate of return on Stock i:

ki = Rp + bi(ky — Rg) = Rg + by(RPyy) (6-7)
8% + 0.5(12% — 8%) = 8% + 0.5(4%) = 10%.

If some other stock, j, were more risky than Stock i and had b = 2.0,
then its required rate of return would be 16 percent:

ki = 8% + 2.0(4%) = 16%.

An average stock, with b = 1.0, would have a required return of 12
percent, the same as the market return:

Kavenge = 8% + 1.0(4%) = 12% = ky,.

Equation 6-7 is often expressed as a graph called the Security Market
Line (SML); Figure 6-9 shows the SML when Ry = 8% and ky = 12%.
Note the following points:

"'This concept is discussed in some detail in Appendix 6B. It should be noted that the risk
premium of an average stock, ky — Ry, cannot be measured with great precision because
it is impossible to obtain precise values for ky. However, empirical studies suggest that,
where long-term U.S. Treasury bonds are used to measure Ry and where ky is the ex-
pected return on the S&P 400 Industrial Stocks, the market risk premium varies somewhat
from year to year, and it has generally ranged from 3 to 6 percent during the last 20 years.
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Figure 6-9
The Security Market Line (SML)
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SML: k; = Re + byky — Rg)

1. Required rates of return are shown on the vertical axis, while risk as
measured by beta is shown on the horizontal axis.

2. Riskless securities have b; = 0; therefore, Ry appears as the vertical
axis intercept.

3. The slope of the SML reflects the degree of risk aversion in the econ-
omy—the greater the average investor’s aversion to risk, then (1) the
steeper is the slope of the line, (2) the greater is the risk premium for
any risky asset, and (3) the higher is the required rate of return on risky
assets.'? These points are discussed further in a later section.

"?Students sometimes confuse beta with the slope of the SML. This is a mistake. As we
saw earlier in connection with Figure 6-8, and as is developed further in Appendix 6A,
beta does represent the slope of a line, but not the Security Market Line. This confusion
arises partly because the SML equation is generally written, in this book and throughout
the finance literature, as k; = Re + bky — Rg), and in this form b; looks like the slope
coefficient and (ky — Rg) the variable, It would perhaps be less confusing if the second
term were written (ky — Rg)b;, but this is not generally done.
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4. The values we worked out for stocks with by = 0.5, b; = 1.0, and
by = 2.0 agree with the values shown on the graph for ki, Kaverages
and kHigh' '

The Security Market Line, and a company’s position on the line,
change over time as interest rates, investors’ risk aversion, and individ-
ual companies’ betas change. Such changes are discussed in the follow-

ing sections.
The Impact of As we saw in Chapter 3, interest amounts to “rent” on borrowed
Inflation money, or the “price’” of money. Thus, Ry is the price of money to a

riskless borrower. The existing market risk-free rate is called the nominal
rate, and it consists of two elements: (1) a real, or inflation-free, rate of
return, k*, and (2) an inflation premium, IP, equal to the anticipated rate
of inflation. Thus, R = k* + IP. The real rate on risk-free government
securities has, historically, ranged from 2 to 4 percent, with a mean of
about 3 percent. Thus, if no inflation were expected, risk-free govern-
ment securities would tend to yield about 3 percent. However, as the
expected rate of inflation increases, a premium must be added to the
real rate of return to compensate investors for the loss of purchasing

Figure 6-10
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expectations relative to history, historical growth rates become suspect as a
measure of investor expectations.

Yet another issue associated with historical growth is that reliance on history to
measure investor expectations renders the replication of that growth a self-fulfilling
prophecy. Reliance on forecast growth rates avoids this inherent circularity.

The major point of all this is that it is perilous to apply historical growth
when a utility is in a transition between growth paths. When payout ratios,
equity return, and market-to-book ratios are changing, reliance on historical
growth is hazardous. Such transitions can occur under variable inflation envi-
ronments, and under fundamental structural shifts, such as deregulation.

Given the choice of variables, length of historical period, and the choice of
statistical methodologies, the number of permutations and combinations of
historical growth rates is such that other methods and proxies for expected
growth must be explored. Historical growth rates constitute a useful starting
point and provide useful information as long as the necessary conditions and
assumptions ocutlined in this section are not dramatically violated. Although
historical information provides a primary foundation for expectations, investors
use additional information to supplement past growth rates. Extrapolating
past history alone without consideration of historical trends and anticipated
economic events would assume either that past rates will persist over time
or that investors’ expectations are based entirely on history.

9.4 Growth Estimates: Analysts’ Forecasts

Since investor growth expectations are the quantities desired in the DCF
model, the use of forecast growth published by investment services merits
serious consideration. The growth rates assumed by investors can be deter-
mined by a study of the analyses of future earnings and projected long-run
growth rates made by the investment community. The anticipated long-run
growth rates actually used by institutional investors to determine the desirabil-
ity of investing in different securities influence investors’ growth anticipations.

Typically, growth forecasts are in the form of earnings per share over periods
ranging from one to 5 years, and are supported by extensive financial analysis.°

1 Analysts do not generally disseminate their methods of forecasting and do not
generally recommend the purchase or sale of a security based on any single growth
variable or growth estimating technique. A professional financial analyst is reluctant
to reveal the premises and methods of his professional judgment and recommenda-
tions. Moreover, analysts’ buy/sell recommendations result from complex judgments
that cannot be reduced to a single variable or to simple mechanistic equations or
models. Several methods and algorithms, involving both quantitative and qualitative
factors, are likely to be used in arriving at a final! growth forecast, including
historical indicators.
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The average growth rate estimate from all the analysts that follow the company
measures the consensus expectation of the investment community for that
company. In most cases, it is necessary fo use earnings forecasts rather than
dividend forecasts due to the extreme scarcity of dividend forecasts compared
to the widespread availability of earnings forecasts. Given the paucity and
variability of dividend forecasts, using the latter would produce unreliable
DCEF results. In any event, the use of the DCF model prospectively assumes
constant growth in both earnings and dividends. Moreover, as discussed below,
there is an abundance of empirical research that shows the validity and superior-
ity of earnings forecasts relative to historical estimates when estimating the
cost of capital.

The uniformity of growth projections is a test of whether they are typical of
the market as a whole. If, for example, 10 out of 15 analysts forecast growth
in the 7%-9% range, the probability is high that their analysis reflects a
degree of consensus in the market as a whole. As a side note, the lack of
uniformity in growth projections is a reasonable indicator of higher risk.
Chapter 3 alluded to divergence of opinion amongst analysts as a valid risk indi-
cator.

Because of the dominance of institutional investors and their influence on
individual investors, analysts’ forecasts of long-run growth rates provide a
sound basis for estimating required returns. Financial analysts exert a strong
influence on the expectations of many investors who do not possess the
resources to make their own forecasts, that is, they are a cause of g. The
accuracy of these forecasts in the sense of whether they turn out to be correct
is not at issue here, as long as they reflect widely held expectations. As long
as the forecasts are typical and/or influential in that they are consistent with
current stock price levels, they are relevant. The use of analysts’ forecasts in
the DCF model is sometimes denounced on the grounds that it is difficult to
forecast earnings and dividends for only one year, let alone for longer time
periods. This objection is unfounded, however, because it is present investor
expectations that are being priced; it is the consensus forecast that is embedded
in price and therefore in required return, and not the future as it will turn out
to be.

Empirical Literature on Earnings Forecasts

Published studies in the academic literature demonstrate that growth forecasts
made by security analysts represent an appropriate source of DCF growth
rates, are reasonable indicators of investor expectations and are more accurate
than forecasts based on historical growth. These studies show that investors
rely on analysts’ forecasts to a greater extent than on historic data only.

Academic research confirms the superiority of analysis’ earnings forecasts
over univariate time-series forecasts that rely on history. This latter category
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includes many ad hoc forecasts from statistical models, ranging from the
naive methods of simple averages, moving averages, etc. to the sophisticated
time-series techniques such as the Box-Jenkins modeling techniques. The
literature suggests that analysts’ earnings forecasts incorporate all the public
information available to the analysts and the public at the time the forecasts
are released. This finding implies that analysts have already factored historical
growth trends into their forecast growth rates, making reliance on historical
growth rates somewhat redundant and, at worst, potentially double counting
growth rates which are irrelevant to future expectations. Furthermore, these
forecasts are statistically more accurate than forecasts based solely on historical
earnings, dividends, book value equity, and the like.

Summary of Empirical Research

Important papers include Brown and Rozeff (1978), Cragg and Malkie] (1968,
1982), Hamis (1986), Vander Weide and Carleton (1988), Lys and Sohn
(1990), and Easterwood and Nuit (1999).

The study by Brown and Rozeff (1978) shows that analysts, as proxied by
Value Line analysts, make better forecasts than could be obtained using only
historical data, because analysts have available not only past data but also a
knowledge of such crucial factors as rate case decisions, construction programs,
new products, cost data, and so on. Brown and Rozeff test the accuracy of
analysts’ forecasts versus forecasts based on past data only, and conclude that
their evidence of superior analyses means that analysts’ forecasts should be
used in studies of cost of capital. Their evidence supports the hypothesis that
Value Line analysts consistently make better predictions than historical time-
series models.

Using the IBES consensus earnings forecasts as proxies for investor expecta-
tion, Harris (1986) estimates the cost of equity using expected rather than
historical eamings growth rates. In his review of the literature on financial
analysts’ forecasts, Harris concludes that a growing body of knowledge shows
that analysts’ earnings forecasts are indeed reflected in stock prices. Elton,
Gruber, and Gultekin (1981) show that stock prices react more to changes in
analysts’ forecasts of earnings than they do to changes in earnings themselves,
suggesting the usefulness of analysts’ forecasts as surrogates for market expec-
tations. In an extensive National Bureau of Economic Research study using
analysts’ earnings forecasts, Cragg and Malldel (1982) present detailed empiri-
cal evidence that the average analyst’s expectation is more similar to expecta-
tions being reflected in the marketplace than historical growth rates, and that
it is the best possible source of DCF growth rates. The authors show that
historical growth rates do pot contain any information that is not already
impounded in analysts’ growth forecasts. They conclude that the expectations
formed by Wall Street professionals get quickly and thoroughly impounded
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into the prices of securities and thét the company valuations made by analysts
are reflected in security prices.

Vander Weide and Carleton (1988) update the Cragg and Malkiel study and
find overwhelming evidence that the consensus analysts’ forecasts of future
growth is superior to historically oriented growth measures in predicting the
firm’s stock price. Their results also are consistent with the hypothesis that
investors use analysts’ forecasts, rather than historically oriented growth calcu-
lations, in making stock buy-and-sell decisions. A study by Timme and Eise-
man (1989) produced similar results.

Using virtnally all publicly available analyst earnings forecasts for a large
sample of companies (over 23,000 individual forecasts by 100 analyst firms),
Lys and Sohn (1990) show that stock returns respond to individual apalyst
earnings forecasts, even when they are closely preceded by earnings forecasts
made by other analysts or by corporate accounting disclosures. Using actual
and IBES data from 1982-1995, Easterwood and Nutt (1999) regress the
analysts’ forecast errors against either historical earmings changes or analysts’
forecasting errors in the prior years. Results show that analysts tend to under-
react to negative eamings information, but overreact to positive earnings
information.

The more recent studies provide evidence that analysts make biased forecasts
and misinterpret the impact of new information.! For example, several studies
in the early 1990s suggest that analysts either systematically underreact or
overreact to new information. Easterwood and Nutt (1999) discriminate
between these different reactions and reported that analysts underreact to
negative information, but overreact to positive information. The recent studies
do not necessarily contradict the earlier literature. The earlier research focused
on whether analysts’ earnings forecasts are better at forecasting future eamnings
than historical averages, whereas the recent literature investigates whether the
analysts’ eamings forecasts are unbiased estimates of future earnings. It is
possible that even if the analysts’ forecasts are biased, they are still closer to
future earnings than the historical averages, although this hypothesis has not
been tested in the recent studies. One way to assess the concern that analysts’
forecasts may be biased upward is to incorporate into the analysis the growth
forecasts of independent research firms, such as Value Line, in addition to
the analyst consensus forecast. Unlike investment banking firms and stock
brokerage firms, independent research firms such as Value Line have no
incentive to distort earnings growth estimates in order to bolster interest in
common stocks.

1 Other relevant papers corroborating the superiority of analysts’ forecasts as predict-
ors of future returns versus historical growth rates include: Fried and Givoly (1982),
Moyer, Chatfield and Kelley (1985), and Gordon, Gordon and Gould (1989).
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Some argue that analysts tend to forecast earnings growth rates that exceed
those actually achieved and that this optimism biases the DCF results upward.
The magnitude of the optimism bias for large rate-regulated companies in
stable segments of an industry is likely to be very small. Empirically, the
severity of the optimism problem is unclear for regulated utilities, if a problem
exists at all. It is interesting to note that Value Line forecasts for utility
companies made by independent analysts with no incentive for over- or
understating growth forecasts are not materially different from those published
by analysts in security finms with incentives not based on forecast accuracy,
and may in fact be more robust. If the optimism problem exists at all, it can
be circumvented by relying on multiple-stage DCF models that substitute
long-term economic growth for analysts’ growth forecasts in the second and/
or third stages of the model.

Empirical studies have also been conducted showing that investors who rely
primarily on data obtained from several large reputable investment research
houses and security dealers obtain better results than those who do not.?
Thus, both empirical research and common sense indicate that investors rely
primarily on analysts’ growth rate forecasts rather than on historical growth
rates alone.

Ideally, one could decide which analysts make the most reliable forecasts and
then confine the analysis to those forecasts. This would be impractical since
reliable data on past forecasts are generally not available. Moreover, analysts
with poor track records are replaced by more competent analysts, so that a
poor forecasting record by a particular firm is not necessarily indicative of
poor future forecasts. In any event, analysts working for large brokerage firms
typically have a following, and investors who heed a particular amnalyst’s
recommendations do exert an influence on the market. So, an average of all
the available forecasts from large reputable investment houses is likely to
produce the best DCF growth rate.

Growth rate forecasts are available online from several sources. For example,
Value Line Investment Analyzer, IBES (Institutional Brokers’ Estimate Sys-
tem), Zacks Investment Research, Reuters, First Call, Yahoo Finance, and
Multex Web sites provide analysts’ earnings forecasts on a regular basis by
reporting on the results of periodic (nsually monthly) surveys of the earnings
growth forecasts of a large number of investment advisors, brokerage houses,
and other firms that engage in fundamental research on U.S. corporations.
These firms include most large institutional investors, such as pension funds,
banks, and insurance companies. Representative of industry practices, the
Zacks Investment Research Web site is a central location whereby investors

-~

12 Examples of these studies include Stanley, Lewellen and Schlarbaum (1981) and
Touche Ross Co. (1982). : :
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are able to research the different analyst estimates for any given stock without
necessarily searching for each individual analyst. Zacks gathers and compiles
the different estimates made by stock analysts on the future earmnings for the
majority of U.S. publicly traded companies. Estimates of earnings per share
for the upcoming 2 fiscal years, and a projected 5-year growth rate in such
earnings per share are available at monthly intervals. The forecast 5-year
growth rates are normalized in order to remove short-term distortions. Forecasts
are updated when analysts formally change their stated predictions.

Exclusive reliance on a single analyst’s growth forecast runs the risk of being
unrepresentative of investors’ consensus forecast. One would expect that |
averages of analysts’ growth forecasts, such as those contained in IBES or '
Zacks, are more reliable estimates of investors’ consensus expectations likely
to be impounded in stock prices.'® Averages of analysts’ growth forecasts
rather than a single analyst’s growth forecasts are more reliable estimates of
investors’ consensus expectations.

One problem with the use of published analysts’ forecasts is that some forecasts
cover only the next one or two years. If these are abnormal years, they may
not be indicative of longer-run average growth expectations. Another problem
is that forecasts may not be available in sufficient quantities or may not be
available at all for certain utilities, for example water utilities, in which case
alternate methods of growth estimation must be employed.

Some financial economists are uncomfortable with the assumption that the
DCF growth rates are perpetual growth rates, and argne that above average
growth can be expected to prevail for a fixed number of years and then the
growth rate will settle down to a steady-state, long-run level, consistent with
that of the economy. The converse also can be troe whereby below-average
growth can be expected to prevail for a fixed mumber of years and then the
growth rate will resume a higher steady-state, long-run level. Extended DCF
models are available to accommodate such assumptions, and were discussed
in Chapter 8.

Earnings versus Dividend Forecasts

Casual inspection of the Zacks Investment Research, First Call Thompson,
and Multex Web sites reveals that earnings per share forecasts dominate the
information provided. There are few, if any, dividend growth forecasts. Only
Value Line provides comprehensive long-term dividend growth forecasts. The
wide availability of eamnings forecasts is not surprising. There is an abundance
of evidence attesting to the importance of eamings in assessing investors’

13 The earnings growth rates published by Zacks, First Call, Reuters, Value Line, and
IBES contain significant overlap since all rely on virtually the same population of
institutional analysts who provide such forecasts. '
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expectations. The sheer volume of earnings forecasts available from the invest-
ment community relative to the scarcity of dividend forecasts attests to their
importance. The fact that these investment information providers focus on
growth in earnings rather than growth in dividends indicates that the investment
community regards earnings growth as a superior indicator of future long-
term growth. Surveys of analytical techniques actually used by analysts reveal
the dominance of earnings and conclude that earnings are considered far more
important than dividends. Finally, Value Line’s principal investment rating
assigned to individual stocks, Timeliness Rank, is based primarily on earnings,
accounting for 65% of the ranking.

Historical Growth Rates Versus Analysts” Forecasts

Obviously, historical growth rates as well as analysts’ forecasts provide rele-
vant information to the investor with regard to growth expectations. Each
proxy for expected growth brings information to the judgment process from
a different light. Neither proxy is without blemish; each has advantages and
shortcomings. Historical growth rates are available and easily verifiable, but
may no longer be applicable if structural shifts have occurred. Analysts’
growth forecasts may be more relevant since they encompass both history
and current changes, but are nevertheless imperfect proxies.

9.5 Growth Estimates: Sustainable Growth
Method

The third method of estimating the growth component in the DCF model,
alternately referred to as the ‘‘sustainable growth’ or ‘‘retention ratio™
method, can be used by investment analysts to predict future growth in eamnings
and dividends. In this method, the fraction of earnings expected to be retained
by the company, b, is multiplied by the expected return on book equity, r, to
produce the growth forecast. That is,

g=bXr

The conceptual premise of the method, enunciated in Chapter 8, Section 8.4,
is that future growth in dividends for existing equity can only occur if a
portion of the overall return to investors is reinvested into the firm instead
of being distributed as dividends.

For example, if a company earns 12% on equity, and pays all the eamings
out in dividends, the retention factor, b, is zero and earnings per share will
not grow for the simple reason that there are no increments to the asset base
(rate base). Conversely, if the company retains all its earnings and pays no
dividends, it would grow at an annual rate of 12%. Or again, if the company
earns 12% on equity and pays out 60% of the earnings in dividends, the
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retention factor is 40%, and earnings growth will be 40% X 12% = 4.8%
per year. -

In implementing the method, both ‘b’ and ‘T’ should be the rate that the
market expects to prevail in the future. If no explicit forecast of ‘b’ is available,
it is reasonable to assume that the utility’s future retention ratio will, on
average, remain unchanged from its present level. Or, it can be estimated by
taking a weighted average of past retention ratios as a proxy for the future
on the grounds that utilities’ target retention ratios are usually, althongh not
always, stable.™

Both historical and forecast values of ‘I’ can be used to estimate g, although
forecast values are superior. The use of historical realized book returns on
equity rather than the expected return on equity is questionable since reliance
on achieved results involves circular reasoning. Realized returns are the results
of the regulatory process itself, and are also subject to tests of fairness and
reasonableness. As a gauge of the expected return on book equity, either
direct published analysts’ forecasts of the long-run expected refurn on equity,
or authorized rates of return in recent regulatory cases can be used as a guide.
As a floor estimate, it seems reasonable for investors to expect allowed equity
retumns by state regulatory commissions to be in excess of the current cost
of debt to the utility in question.

Another way of obtaining the expected ‘r’ is to examine its fundamental
determinants. Since earnings per share, E, can be stated as dividends per
share, D, divided by the payout ratio (1 — b), the earnings per share capitalized
by investors can be inferred by dividing the current dividend by an expected
payout ratio. Provided that a utility company follows a fairly stable dividend
policy, the possibility of error is less when estimating the payout than when
estimating the expected return on equity or the expected growth rate. Using
this approach, and denoting book value per share by B, the expected retum
-on equity is:

r=EB= D/ -b)/B (9-9)

Estimates of the expected payout ratio can be inferred from historical 10-year
average payout ratio data for utilities, assuming a stable dividend policy has
been pursued. Since individual averages frequently tend to regress toward the
grand mean, the historical payout ratio needs to be adjusted for this tendency,
using statistical techniques for predicting future values based on this tendency
of individual values to regress toward the grand mean over time.

An application of the sustainable growth method is shown in example 9-1.

¥ Statistically superior predictions of future averages are made by weighting individual
past averages with the grand mean, with the variance within the individual averages
and the variance across individual averages serving as weights.
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EXAMPLE 9 1 _

It should be pointed out that published forecasts of the expected return on
equity by analysts such as Value Line are sometimes based on end-of-period
book equity rather than on average book equity. The following formula®

Y The return on year-end common equity, r, is defined as r = E/B, where E is
earnings per share, and B, is the year-end book value per share. The return on
average common equity, r,, is defined as: r, = E/B, where B, = average book
value per share. The latter is by definition: B, = (B, + B.,)/2 where B, is the
year-end book equity per share and B,_, is the beginning-of-year book equity per
share. Dividing r by r, and substituting:

r_EB _B B+ Be
r. EB, B 2B,
Solving for r,, a formula for translating the return on year-end equity into the return
on average equity is obtained, using reported beginning-of-the_year and end-of-
year comimon equity figures:
2B,

"= TB ¥+ B
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adjusts the reported end-of-year values so that they are based on average
common equity, which is the common regulatory practice:

2B,

= I‘,—B-l—::—é-: (9-10)

Iy

The sustainable growth method can also be extended to include external
financing. From Chapter 8, the expanded growth estimate is given by:

g = br + sv

where b and r are defined as previously, s is the expected percent growth in
number of shares to finance investment, and v is the profitability of the equity
investment. The variable s measures the long-run expected stock financing
that the utility will undertake. If the utility’s investments are growing at a
stable rate and if the earnings retention rate is also stable, then s will grow
at a stable rate. The variable s can be estimated by taking a weighted average
of past percentage increases in the number of shares. This measurement is
difficult, however, owing to the sporadic and episodic nature of stock financing,
and smoothing techniques must be employed. The variable v is the profitability
of the equity investment and can be measured as the difference of market
price and book value per share divided by the latter, as discussed in

Chapter 8.

There are three problems in the practical application of the sustainable growth
method. The first is that it may be even more difficult to estimate what b, r,
s, and v investors have in mind than it is to estimate what g they envisage.
It would appear far more economical and expeditious to use available growth
forecasts and obtain g directly instead of relying on four individual forecasts
of the determinants of such growth. It seems only logical that the measurement
and forecasting errors inherent in using four different variables to predict
growth far exceed the forecasting error inherent in a direct forecast of
growth itself.

Second, there is a potential element of circularity in estimating g by a forecast
of b and ROE for the utility being regulated, since ROE is determined in
large part by regulation. To estimate what ROE resides in the minds of
investors is equivalent to estimating the market’s assessment of the outcome
of regulatory hearings. Expected ROE is exactly what regulatory commissions
set in determining an allowed rate of return. In other words, the method
requires an estimate of return on equity before it can even be implemented.
Common sense would dictate the inconsistency of a return on equity recom-
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mendation that is different than the expected ROE that the method assumes
the utility will earn forever. For example, using an expected return on equity
of 11% to determine the growth rate and using the growth rate to recommend
a return on equity of 9% is inconsistent. It is not reasonable to assume that
this regulated utility company is expected to earn 11% forever, but recommend
" a 9% return on equity. The only way this utility can earn 11% is that rates
be set by the regulator so that the ntility will in fact earn 11%. One is assuming,
in effect, that the company will earn a return rate exceeding the recommended
cost of equity forever, but then one is recommending that a different rate be
granted by the regulator. In essence, using an ROE in the sustainable growth
formula that differs from the final estimated cost of equity is asking the
regulator to adopt two different returns.

The circularity problem is somewhat dampened by the self-correcting nature
of the DCF model. If a high equity return is granted, the stock price will
increase in response to the unanticipated favorable return allowance, lowering
the dividend yield component of market return in compensation for the high
g induced by the high allowed return. At the next regulatory hearing, more
conservative forecasts of r would prevail. The impact on the dual components
of the DCF formula, yield and growth, are at least partially offsetting.

Third, the empirical finance literature discussed earlier demonstrates that
the sustainable growth method of determining growth is not as significantly
correlated to measures of value, such as stock price and price/earnings ratios,
as other historical growth measures or analysts’ growth forecasts. Other proxies
for growth, such as historical growth rates and analysts’ growth forecasts,
outperform retention growth estimates. See for example Timme and Eise-
man (1989).

In summary, there are three proxies for the expected growth component of
the DCF model: historical growth rates, analysts’ forecasts, and the sustainable
growth method. Criteria in choosing among the three proxies should include
ease of use, ease of understanding, theoretical and mathematical correctness,
and empirical validation. The latter two are crucial. The method should be
logically valid and consistent, and should possess an adequate track record
in predicting and explaining security value. The retention growth method is
the weakest of the three proxies on both conceptual and empirical grounds.
The research in this area has shown that the first two growth proxies do a
better job of explaining variations in market valuation (M/B and P/E ratios)
and are more highly correlated to measures of value than is the retention
growth proxy. -

307




Appendix B
Workpaper UIF-4
Page 1 of 25

THE PRICING OF COMMON STOCEKS

MYRON J. GORDON
PROFESSOR OF FINANCE, UNIVERSITY OF TORONTO

FEBRUARY 19, 1990

TO BE PRESENTED AT THE SPRING 1990 SEMINAR, MARCH 27, 19%0, OF
THE INSTITUTE FOR QUANTITATIVE RESEARCH 1N FINANCE, PALM BEACH,

FLORIDA.



Appendix B
Workpaper UIF-4
Page 2 of 25

INTRODUCTION

The prices of common stocks differ among corporations due to
differences among them in earnings per share, investment
policies, financing policies, and business risk. Models which
use related variables to explain differences in prices among
stocks may be called intrinsic value models. There are at least
two important uses for intrinsic value models. One is to
discover the investment and financing policies which maximize the
price of a company's stock. A related use is to discover the
extent to which existing dividend, leverage and other policies
depart from price maximizing policies. The other important use
for intrinsic value models is to discover over or under-priced
stocks. That may take place in either of two ways. One is to
use the model to find the stocks that are mispriced on the basis
of the current values of the model's independent variables.
Alternatively, the model's parameters may be combined with values
for the independent wvariables that are based on new private
information that the analyst has obtained in order to discover
the value of the information.

Intrinsic value models have had a very uneven history.
Prior to the nineteen fifties we had simple heuristic models such
as Graham and Dodd's in which price depended on some combination
of earnings, dividends and book value. Then Gordon and Miller
and Modigliani developed models of stock valuation which follow
from plausible or theoretically interesting principles of asset

valuation.! These models generated further theoretical work and
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considerable empirical work designed to implement and test them
during the sixties and early seventies. However, the development
of the Sharpe-Lintner-Mossin capital asset pricing model during
the sixties soon captured the interest of researchers in the area
of security wvaluation. Perhaps that is why there has been
comparatively little progress over the last twenty years in
theory and practice with respect to intrinsic value models of
stock prices,

This paper is devoted to the use of intrinsic value models
for the discovery of over or under-priced stocks. The motivation
for the paper is the belief that developments over the last
decade in data availability and some theoretical ideas raised
here make further progress possible. The next section will
review the Gordon and the MM models. The second section will
critically evaluate the empirical adaptation of these models by
their authors and certain other efforts at explaining the cross-
section variation in price among stocks. Finally, the last
section will discuss how certain data base developments and
advances in theory can contribute to the advancement of practice

in the area under consideration.

I. THEORETICAL MODELS
The current value of any asset is the present value of its
expected future payments. In the case of a stock this
expectation is the dividend for the coming period plus the end-

of-period price. The expectation reduces to an infinite stream
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of dividends. Under the assumption that this dividend
expectation can be represented with just two parameters, a
current value and a growth rate, with the latter taken to be the
same for every future period, I have shown that the price of a
share 1is
P = D/(k-g). (1)

Here, P = current price per share, D = current dividend per
share, k = expected or required return, and g = expected average
rate of growth in the dividend.? Notice, the assumption that the
growth rate is constant ovef time is consistent with the fact
that the growth rate in the dividend may vary from one period to
the next. We only assume that in pricing the stock future growth
can be summarized with one number.

Eg. (1) can be given more economic content under the further
restrictions that (1) the corporation is not expected to finance
through the sale of new shares, and (2) dividend policy, capital
structure, and return on investment can each be represented by
one parameter. In other words, the value of each of these
variables is not expected to change over time, and of course,
their values can be estimated currently. Under these assumptions

Eg. (1) becomes

P = (1-b)Y/(k-br). (2)
The additional variables are Y = normalized current earnings per
share, b = fraction of earnings retained and invested, and r =

return on equity investment.

In Egq. (2) the dividend becomes D = (1-b)Y, the growth rate
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becomes g = br, and dividend policy is investment policy.

The interesting economic content of Eq. (2) lies in what it
says about dividend policy, which is represented with b, the
fraction of earnings retained. It can be seen that as b rises P
falls, on account of the fall in the dividend. on the other
hand, P rises with b due to the rise in the growth rate.
Whether P rises or falls on balance, and whether or not P is
maximized at some retention rate depend on the relative levels of
r and X and on how they change with k.

Eg. {2) is based on é number of more or less gquestionable
assumptions. Of particular interest, academic if not practical
interest, is the assumption that retained earnings is the sole
source of equity funds.? In fact, the sale of stock is an
alternative to retained earnings as a source of equity funds, but
that does not render Eg. (2) useless. Let g be the sum of funds
raised through retained earnings and the sale of stock expressed
as a fraction of earnings. The vaiue of g is independent of the
relative amount of each source of :quity funds. If stockholders
looked on the sale of stock as a perfect substitute for retained
earnings, we could substitute g for b in Eg. (2), and it would
then tell us how the price of a share varies with the firm's
equity financing rate.? However, we all know that taxes and
transaction costs make retained earnings dominate the sale of
stock as a source of funds. Hence, the assumption that retained
earnings is the sole source of equity fund is not among our more

questionable assumptions from a practical viewpoint. The more
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questionable assumptions will come up shortly.

Miller and Modigliani have shown that under the very strong
assumptions of perfectly competitive capital markets, the price
of a share is equal to the present value of the earnings on the
existing equity plus the present value of the excess return on
the expected future equity investment.?® Under certain
simplifying assumptions, we then have

P = Y " Yg(xr-k) . (3)

k  k(k-qr)
The first term is the present value of the future earnings on the
existing equity, and the second term is the present value of the
excess return on all future investment. The future equity
investment has an initial value of Yg, it has an excess return of
r-k, it will grow at the rate gr, and it has a present value of
Yg(r-k)/k(k-qr).

Notice that the same variables, Y, g, r, and k enter both the
Gordon and MM models, and both models rely on the same
simplifying assumptions with regard to their parameterization.
Nonetheless, we end up with a fundamental difference between the
two models. In the Gordon model the investor buys a dividend
expectation, while in MM she buys an earnings expectation.
Earnings do enter the Gordon model but only through their
influence on the current value and the growth of the dividend
expectation.

There are more fundamental differences between the Gordon
and the MM models. In both models k, the expected or required

return on a stock is equal to a risk-free interest rate plus a
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risk premium. The former 1s the same for all shares and the
latter varies among shares, so that given the dividend or
earnings expectations on a share, its price will vary depending
on the share's risk attributes. However, MM imposed on their
model the assumption that k is independent of the expected growth
rate, gr, while Gordon allowed the risk of growth to make k an
increasing function of gr. In addition, MM assumed that a firm
does nothing to create investment opportunities, while Gordon's

model has a firm's investment opportunities depend on its

history.

IT. EMPIRICAIL MODELS

Prior to the above theoretical work Meader and Durand
explained the variation in price among shares with models in
which earnings, dividends and book value were the independent
variables.® Meader's regressions were linear in the variables
while Durand's were linear in their logs. Both obtained high
coefficients of multiple correlation, but the regression
coefficients were highly unstable from one year to the next, due
no doubt to the very high correlations among the independent
variables.

Turning back to the Gordon model, we see that it may be
summarized with the statement that a stock's price is equal to
the dividend divided by the dividend yield. Hence, the task in
the econometric implementation of the model is to introduce

variables that explain how the dividend yield varies among
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shares. Since the dividend vield is k - g, it varies with g and
inversely with k. The latter as just stated is equal to a risk-
free interest rate that is common te all stocks plus a risk
premium that varies among stocks. The empirical adaptation of

the model in Gordon was of the form

P = agD®1(1+br)%2 (1+0)%3 (14h)%4 (5)°5. (4)
The risk variables were o, the variability in the rate of return
on common, h, the leverage rate, and S8 the firm's size measured
by its assets. Eg. (4) is linear in the lats, so that
conventional econometric methods may be employed to estimate the
a coefficients.

My empirical work employed similar models to Eg. (4) with
P/B and P/D the dependent variables, B being the book value per
share.’ The objective with these dependent variables was to
abstract from the correlation that may arise due to the variation
in price with the dividend or book value among stocks. In ail
cases the models did an excellent job, explaining a large
fraction of the variation in price among stocks for samples of
food, machinery, utility and other classes of stocks in different
years.8 The econometric results are discussed in detail in the
references cited.

It can be seen that Eg. (4) 1is a simple and direct
representation of the theoretical model Eg. (2). With the
constraint aj3=1 (its actual value is close to one) price is a
multiple of the dividend, the multiple increasing with the growth

rate and varying inversely with the risk variables. Notice that
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the form of the relation in Eg. (4) makes each coefficient the
elasticity of share price with the associated independent
variable, so that the change in price with a variable depends
upon the ratio of price to that variable. Finally, Eg. (4)
provides a plausible explanation of how the dividend yield and
the expected return, k=D/P+br vary among shares with growth and
risk.

The most serious limitation of the Gordon model is the
assumption that the dividend expectation can be represented with
just two parameters, D and br. The model breaks down for
corporations that are currently paying no dividend, and it can be
seriously in error for a corporation that is currently paying a
token dividend. In addition, financial statement data for b and
r can result in a value for g that cannot be accepted as an
average for the indefinite future.

The empirical adaptation of *the MM model on how investoré

value stocks was carried out by MM® with the expression

- T oyt . 7 7
V- L _ a, X TR as - as 10
A A A A
tag P +ag B-D (5)
A A
Here V - rL = the market value of a firms's equity and debt less

the value due to the tax advantage of debt,

A = book cost of total assets,

X"-rR = after tax earnings on common plus interest on debt,

AA/A = rate of growth in assets,
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L/A ratio of debt to assets, and

D-D = excess of dividend on common over what it would have
been if the firm's payout rate had been the industry
average.

Notice that the variables in Eqg. (5) except for the dividend
variable refer not to the corporation's common stock but to the
equity plus the debt.

MM's choice of variables in Eqg. (5) was motivated by their
special obijective. It was not to explain the variation in price
among common stock's but to test their theorems on capital
structure and dividend policy. According to MM the value of a
levered firm increases with debt by rL and it is independent of
dividend policy. Hence, by subtracting rI from V in arriving at
the dependent variable, it should be independent of the debt
ratio as well as dividend policy. That is what they found, oy
and ag not being significantly different from zero in their
empirical results. This model, the empirical results and their
interpretation by MM were subjected to considerable critical
comment, and it will not be considered further here.10

A far simpler and more effective empirical adaptation of the
Mﬁ theory and an important contribution in other respects was due
to Malkiel and Cragg.'!? The regression equation they employed to
explain the variation in price among stocks was

P/Y = ag + a1g + ax(D/Y) + ajs. {6)
Here, the dependent variable is the price-earnings ratio, g is

the foecast rate of growth in earnings, D/Y is the dividend
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payout rate, and g is an index of systematic risk. Dividing both
sides of MM's Egq. (3) by Y reveals more clearly the similarities
between the MM and the Malkieél and Cragg models. It also reveals
the difficulty of arriving at a faithful and plausible empirical

adaptation of the MM model for pricing common stocks. Eq. (3)

P-1.,4 [""‘} (7)
Y k k | k-qgr

It can be seen that ag in Eg. (6) is an estimate of 1/k under the

now is

unreasonable assumption that k does not vary among shares. The
coefficient of g 1is also an estimate of 1/k under the same
assumption, and g is an approximation of g(r-k)/(k-gr). In
addition, D/Y is included among the independent variables on the
assumption that dividend policy matters, and the presence of §
among the independent variables (and other risk variables in some
regressions) captures in some measure the variation in P/Y among
shares due to risk. Finally, with Eqg. (6) linear in the
variables, the change in P/Y with each independent variable is
independent of the values of the variables.

The Malkiel-Cragg model did a very good job of explaining the
variation in price-earnings ratios among shares. The
correlation with the payout rate as well as the growth rate was
very strong, suggesting that dividend policy does influence
price.

The major contribution of Malkiel and Cragg was to run their
regressions with two alternative sets of data. In one case the

earnings and growth variables were obtained from financial
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statements, with growth being the growth rate in earnings over
the prior five years. In the other case, an average of the
estimates or forecasts by a group of security analysts of the
normalized earnings for the current year and the growth rate in
earnings for the next five years were used. The regression
results obtained with the data from the security analysts were
much better than the results obtained with the historical
financial statement data. Hence, estimates by security analysts
can be an improvement on financial statement data for earnings
and growth,. “

Malkiel and Cragg also investigated the use of their model
for the discovery of over and under priced shares. They
regressed the change in price over the following year on the
difference between the actual and predicted price at the start of
the year. Unfortunately, they only found very weak evidence in
support of the hoped for relation. However, the ability of their
model to discover over or under-priced stocks was improved by
assuming additional information such as more recent parameter

values and better estimates of growth.

I1II. A METHOD OF PRICING
Let us now turn to consideration of how it may be possible
to make substantial advances in the use of econometric models to
discover over and under priced stocks. By way of background let
us review briefly how econometric models may serve that purpose.

First, we establish a model that is considered a theoretically
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correct empirical representation of how investors price common
stocks. Second, we obtain values of the variables for a sample
of stocks and estimate the model's coefficients. These
coefficients are then combined with the values of the independent
variables for a stock that is in or out of the sample to provide
the "correct" price for the stock based on the rules followed for
estimating the independent variables. Third, for stocks with a
difference between the actual and correct price that is large,
the difference is a basis for a buy or sell decision. Finally,
if the analyst has superior informatién which produces a
different value for one or more independent variables of a
particular stock, a new correct price is obtained with the
coefficients on the basis of the superior values for these
variables. The difference between the new correct price and the
actual price is the basis for a buy or sell decision.

We have seen that earnings and growth estimates by security
analysts were found by Malkiel and Cragg to be superior to data
obtained from financial statements for the explanation of
variation in price among common stocks. That is, better
estimates are obtained for the coefficient of the various
explanatory variables. Their results should be confirmed by
further empirical work, but there is every reason to believe that
the confirmation will be forthcoming. First, the estimates by
security analysts available from sources such as IBES are far
superior to the data available to Malkiel and Cragg. Secondly,

the estimates by security analysts must be superior to the
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estimates derived solely from financial statements. For
earnings we want normalized current earnings and for growth we
want expected future growth. It is true that all our knowledge
of the future is obtained from the past, and good estimates of Y
and g can frequently be obtained from financial statement data.
However, such data are available to security analysts, and they
have additional information that can be incorporated in their
estimates, so that an average over a number of security analysts
which eliminates the bias of any—one analyst should be superior
to exclusive reliance on past financial statement data.

There are other more important ways 1in which the
availability of IBES type data improves the usefulness—of
econometric models for the discovery of over and under-priced
shares. Financial statement data are only available annually,
since quarterly data has serious limitations due to seasonal and
other distorting influences. With annual data the model's
parameters can only be estimated annually, the annual data is not
cbtained at the same time for all firms, and it is out-of-date
when it is obtained. By contrast with IBES or any other such
service, the consensus of security analysts on such variables is
available monthly. Hence, revised values for the independent
variables and revised estimates of the models parameters may be
obtained monthly instead of annually. We then have at any point
in time a more accurate representation of how the market prices
shares. Most important, with monthly data the discovery of over

or under~-priced shares can take place monthly instead of
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annually. Such data represent a critically important
breakthrough in making models for pricing stocks useful to

security analysts.12

Let us now turn to the problem of a model that provides a

theoretically correct explanation of how stocks are priced. The

model I recommend is

P/Y = ag(l+g)*l(1+D/Y)*2(1+L/B)%3. .. (7)
with g = growth, D/Y = payout rate, L/B leverage rate and .....
signifying that one or more other risk variables may be added to
the model. Eg. (7) is not as elegant as Egq. (4), but it has a
good deal more intuitive appeal. It says that investors buy
earnings, but what they will pay for a dollar of earnings
increases with the extent to which the earnings are reflected in
the dividend or in appreciation through growth. Hence, the price
per dollar of earnings increases with both the growth rate and
the dividend payout rate, and P/Y decreases as leverage or othér
sources of risk rise. Notice that we avoid having the model blow
up because g, D/Y or L/B is equal to zero by using one plus each
of these variables. In addition, having a model that is linear
in the logs of the va;iables has the advantages mentioned
earlier. Eg. (7) combines the best features of the Gordon and
the Malkiel~Cragg models.

I am confident that Eg. (7) with values for earnings and
growth based on a consensus of security analyst estimates will do
an excellent job of explaining the variation in price among

stocks. Whether or not the difference between the actual values
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of P/Y and the values predicted by the model will be useful for
discovering over and under-priced stocks 1is open to guestion.
The poor results obtained by Malkiel and Cragg are cause for
doubt, but we now have the use of a better model and better
data. Finally, there is no doubt that the model will be useful
in conjunction with private estimates of earnings, growth and
other independent variables. Such private estimates have been
and will continue to be developed by security analysts. However,
when the estimates are not combined with a sophilsticated
valuation‘ﬁodel, there is no scientific basig for arriving at the
impact on price of that information. Revised estimates of one or
more independent variables combined with a good valuation model
should be superior to the unaided use of such estimates in

arriving at buy or sell recommendations.
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FOOTNOTES

See M.J. Gordon and Eli Shapire, "Capital Equipment Analysis:
The Reguired Rate of Profit," Management Science (October
1956), pp. 102-110; M.J. Gordon, The Investment, Financing
and Valuation of the Corporation, Homewood, IL, R.D. Irwin,
1962; F. Modigliani and M.H. Miller, "The cCost of Capital,
Corporation Finance, and the Theory of Investment," American

Economic Review (June 1958), pp. 261-297; M.H. Miller and F.

Modigliani, "Dividend Policy, Growth, and the Valuation of
Shares," Journal of Business (October 1961), pp. 411-433.

See M.J. Gordon, The Investment Financing ..... , Ch. 4.

For an academic treatment of the subject, see M.J. Brennan,
"A Note on Dividend Irrelevance and the Gordon Valuation
Modr1," Journal of Finance (December 1971), pp. 1115-1122.

This is demonstrated in M.J. Gordon and L.I. Gould, "The Cost
of Equity Capital: A Reconsideration,'" Journal of Finance

{(June 1978), pp. 849-861.

The assumptions common to the MM and CGordon-Gould models are
no taxes, no transaction costs, and equal information. In
addition, implicit in MM are the assumptions that a
corporation’s investment opportunities are independent of its
history, and risk is independent of growth. For more on this
see M.J. Gordon "Corporate Finance Under the MM Theoremns,"

Financial Management (Summer 1989), pp. 19-28.

See J.W. Meader, "A Formula for Determining Basic Values
Underlying Common Stock Prices," The Analyst Magazine of
Finance, Commerce and Economics, Nov. 29, 1935 and June 27,
1940; David Durand, Bank Stock Prices and the Bank Capital
Problem, New York: Occasional Paper 54, National Bureau of
Economic Research, 1957.

See M.J. Gorden, The Investment, Financing ..... , Chs. 11 and
12; and M.J. Gordon, The Cost of Capital to a Public

Utility, East Lansing, MI, Michigan State University, 1974.

The various models experimented with other risk variables
than those in Eg. (4). Their performance is not discussed,
since the best combination and measurement of risk variables
is beyond our purposa here.

See M.H. Miller and F. Modigliani, "Some Estimates of the
Cost of Capital to the Electric Utility Industry, 1954-1957,"
American Economic Review (June 1966), pp. 333-391.

See the comments on their paper by Jean Crockett and Irwin
Friend, M.J. Gordon, and A.A. Robichek, J.G. McDonald and
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R.C. Higgins and their reply in the American Economic Review
(December 1967), pp. 1258-1299.

See B.G. Malkiel and J.G. Cragg, "Expectations and the
Structure of Share Prices," American Economic Review
(September 1970), pp. 601-617.

For instance, with annual data they were compelled to assume
that over or under-priced shares at a one point in time
predict the change in price over the coming year, whereas the
over or under-pricing may be eliminated over a shorter time
period.
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GORDON MODEL

D _ qa-ByY
K-G K-BR
SHARE PRICE

DIVIDEND PER SHARE

RETURN ON SHARE INVESTORS
REQUIRE

EXPECTED GROWTH RATE IN
DIVIDEND AND PRICE

EARNINGS PER SHARE

FEACTION OF EARNINGS
RETAINED

RATE OF RETURN ON INVESTMENT
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MM MODEL

Y YQ(R-K)

K K(K-QR)

SHARE PRICE
EARNINGS PER SHARE

RETURN ON SHARE INVESTORS
REQUIRE

EQUITY INVESTMENT/EARNINGS
RATE OF RETURN ON INVESTMENT
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COMPARISON OF MM AND
GORDON

EARNINGS VS DIVIDENDS

MM - INVESTOR BUYS EARNINGS
GORDON - INVESTOR BUYS DIVIDENDS

RISK_AND REQUIRED RETURN

MM - THEY ARE INDEPENDENT OF
GROWTH

GORDON - THEY INCREASE WITH
GROWTH

RETURN ON INVESTMENT

MM - INDEPENDENT OF FIRM'S HISTORY
GORDON - DEPEND ON FIRM'S HISTORY
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EMPIRICAL MODELS

GORDON

P= AOeDAl ¢(1+G)A2 ® (1+LEV)A3 ses

LNP

P =
Y =

LEV = LEVERAGE

= LN AO + AlT+LN D + A2:LN(1+G) +

A3 ¢ LN (1+LEV) + oo

MALKIEL CRAGG
P/Y = AO+ Al«G + A2« (D/Y) +

A30BETA +oeo
PRICE D
EARNINGS G

R il
Lol

BETA

DIVIDEND
GROWTH

= RISK
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AN INTRINSIC VALUE MODEL

P = AO-YAl ¢(14G) A2 o (14D/Y)A3 «

(1+LEV)A4 o BETAAS ee o

LPN = LN AO + AleLN Y+ A2:LN{(1+G) +
A3eLN (1+D/Y) + AdeLN(1+LEV) +
AS ¢ LN BETA + oc0ee
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BENEFITS FROM IBES TAPE

BETTER ESTIMATES OF MODEL'S PARAMETERS
SECURITY ANALYST DATA FOR Y AND G
MONTH.Y REVISION OF PARAMETERS

DISCOVERY OF MISPRICED STOCKS ON
BASIS OF CONSENSUS DATA MONTHLY

PRICE IMPLICATIONS OF PRIVATE
INFORMATION CONTINUOUS ON BASIS
OF CURRENT DATA
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334 Principles of Public Utility Rates

the literature with some commissions totally disregarding the new
issue to those that apply an adjustment to the entire equity balance.

The Market to Book Ratio Issue

Introduction. One ongoing citical issue is whether the allowed
rate of return should be designed to prevent the market prices of
public utility stocks from rising to substantially above book value or
falling to substantially below book value? A rigorous and literal
application of a cost-of-capital-measure of a fair rate of return as
outlined above would indicate that a commission should attempt to
regulate rates so as to maintain the market value of a utility’s stock on
a par with its book value (or rate-base value) plus some allowance for
underpricing. Yet such an attempt may be impractical or even
impossible.

In the first place, commissions cannot forecast, except within wide
limits, the effect their rate orders will have on the market prices of the
stocks of the companies they regulate. In the second place, whatever
the initial market prices may be, they are sure to change not only
with the changing prospects for earnings, but with the changing
outlook of an inherently volatile stock market. In short, market prices
are beyond the control, though not beyond the influence, of rate
regulation. Moreover, even if a commission did possess the power of
control, any attempt to exercise it in the manner just suggested would
result in harmful, uneconomic shifts in public utility rate levels. In
addition, many utilities are regulated by more than one jurisdiction.
. Even if one commission were to attempt to regulate on the basis of
market to book ratios, the commissions in the other jurisdictions would
not be bound by its actions. Finally, even if regulators could put them
in parity it may be undesirable following the theory of the second
best if the comparable earnings exceed the cost of capital (see Kahn,
1970, pp. 52-53).

Two Facts. This situation is recognized even by supporters of a
cost-of-capital standard of a fair rate of return, who undertake to meet
the difficulty in two ways. First, the current cost of equity capital is
rarely identified as a spot cost. Instead, it is taken to mean a normal
or average capital-attracting rate of return characteristic of the recent
market and typical of the market anticipated in the not distant future.
Secondly, the estimated weighted average cost of capital resulting
from the application of this normalized estimate of the current cost of
equity may be characterized as a minimum allowance, subject to a
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The Eair Rate of Return 335

reasonable upward adjustment perhaps justified on the basis of possible
attrition.

It follows that the commeon stocks of public utilities which actuaily
succeed in earning a fair rate of return as derived by a cost of capital
approach may be expected to sell at a premium over their book values
or rate-base values except in periods of a depressed stock market. The
premiums may be greater than the modest allowance for underpricing
associated with stock offerings sometimes granted by commissions. A
question arises whether the prevalence of these premiums is persuasive
evidence of a corporate earning power higher than required to give
adequate assurance of the continued ability to attract needed capital
on terms that do not impair the integrity of the existing capital.
Conversely, when market to book ratios fall below one, the questions
arise whether this is persuasive evidence that a ufility is not earning
its cost of capital

Consistent with the opinion that regulation is simply powerless
to set rates which insure any particular market to book ratio, the
answer must be in the negative Lacking this power, regulation should
recognize the possibility of earnings liberal enough to permit market
to book ratios of utilities to rise slightly above one. Some argue that
these ratios should be roughly at the level of well-managed companies
that actually succeed in realizing these earnings fairly continuously.
For many years in the 1970s and 1980s utilities in general sold at
market prices well below book. The call was for rates sufficient to
produce market to book ratios of 1.1 to 1.2. Now the question of what
constitutes a proper degree of liberality remains and has not received a
convincing answer. We doubt whether a conclusive answer can ever
be found under such an indefinite standard of a fair rate of return as
that of a flexible rate designed to rise and fall with changes in the
anticipated rates of income necessary to induce new investments of
equity capital.

The Q-Ratio and Market to Book Ratio

One interpretation of the mandates of the Supreme Court, and
one consistent with a present-value standard of reasonable rates rather
than with an original-cost standard, is that regulated enterprises should
be permitted to earn on the current values of their corporate assets, as
based on replacement-cost appraisals, rates of return similar to the
rates actually being earned by unregulated enterprises on the values
of their assets, similarly appraised. This is a mere attempt to spell out
a criterion which the Supreme Court itself has never undertaken to
rid of its ambiguities.
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4 Empirical Connection
of the Growth
Forecasts with
Share-Valuation Models

investigation of this reiationship. This investigarion may be regarded in
one of Two ways. Assuming that growth-rate expectations are 2 major

- input used by investors 1o form expested security returns, our empirical

work tesss the validity of the valuation modeis. Conversely, if we main-
tain the validity of the vajuarion modeis. we may be regarded as testing
the hypothesis that earnings growth expectations do play a major roie,
dlong with the other specified variables, in investors’ evaluarions of

- We begin by investigating the expected rate of return measure sug-
gested Dy equarion (3.3-14) and obrained by using the averages of the
long-term expectad growth rates. We are particuiarly concarned with
variables represented by various regression coefficients holds when ex.
pected Tefum is measured with qur analysts’ forecasts. First. in section

whether the reiationship berwean expected return and the systematic risk__

might aiso give 2 good representation of the modei. This pricz-earnings
FaKio fofmulation allows us o enquire whether other growth forecases
might give a cioser explanation of valuation reiaticnships than the ex.
pestations data we collected. Failure 10 find such improvement allows us
to canciude thar our growen measures are closest (0 the actuai expecra-

tions that earer marker valuazion,

s

Appendix B

Workpaper UIF-6
Page 2 of 32




Appendix B

Workpaper UIF-6

136 Chapier Four

Having a mode! for prices aiso allows us to invastigate whether knowi-
edge of the mode! and aczess to the expectanons data would have allowed
superior stock selection. The facr that they would not comes as no
surprise. but the reasons are of considerabie intersst. These are the
subject of section 4.5. The various findings of these investigations are
summarized in section 4.6.

4.1 The Risk Measurss Used

It is not clear from the diversification mode! exactly what measurss of
risk wouid be most appropriate, We did provide. in se<tion 3.4, a theoret-
ical justification for the general approach thar we shall take. Neverthe-
less. some empirical investigation is nesded before we can ascertain what
specific measures are most appropriate: that is. we need ro select the
exact form of the regression equation whose estimated coefficients will
stand for the factor coefficients. We begin by exploring relationships
berwesn security returns and some sconomic variables thar are of interest
whatever vaiuation model is appropriate. Once we have established the
variables to be used, we procsed to expiors the valuation relationships
suggested by the theory.

~The first set of variabies employed are measures of so-cailed marke:
risk derived from the regressions of the realized rates of return on various
marker-wide variabies.' We experimented with several market indicators
inciuding the Standard & Poor's 500 Stock Index. the Dow Jones Indus.

tnal Average (of 30 stocks). and the (value) weighted and unweighted

indexes made availabie by the University of Chicago's Center for Re.
search in Security Prices (CRSP). The realized rates of return ware
obrained from the CRSP. Qur results turned out not to be sensitive to use
of the aiternative marker indexes, so we report here only the results for
the CRSP weighted index. This index tended to give results as strong as
any in terms of 7 for the regressions of company returns on the index and
provided coefficients which were marginally stronger for the subseguent
simpie regressions reported in section 4.2, '
Carreiation with other types of variabies may also yield nesded risk
measures whether the extended CAPM (involving nonmarkezabie in-
come streams) or the diversification modet is assumed. We selected three
such additional variabies. They are the rate of change of National Income
(M), the short-term interest rate measured by the ninery-day Treasury
Bill rate, and the rate of inflarion measured by the increase of the

. Consumer Price Index.’ These may be considered typical measures of

1. Thess are the ~deta™ coefficienss often ciculaced allegeciy to give content 10 the
CAPM.

2. We used aiternativety the rare of change af GNP a5 opposed to NI: the long raze us
opposed 10 the shart: and the GNP dedator 2 upposed to the CPL. The aiternaave senes
were 30 hghly correiared that it made lictte difference whch we empioyed.
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137 Empinat Connicctiun ot Growth Fureeysts with Share-Viluation

some risks to which invesrors are subject, stemming from vaniation in
othersourcess of income, from chanyes in interesst rares. and from changes
in infation. _

The period over which the regression coefficients should be caiculated
is not clear a priori. It is not even clear thar only past vaiues should be
used. The theory invoives the covariances of recurns with various quanti-
tes in the future. These parameters could safely be estimated from past
data if they did not change or if investors did not percaive change. Such
stability is unlikely. Changes in the narture and type of activities chat
corporations pursue and alterations in the structure of the economy make
it likely that the appropriate regression coefficients change through time.
Insofar as invesiors can perceive and sven anticipate these changes, they
are unlikely simply to exrrapoiate past betas into the future. [ndeed,
maany of the popular “beta servicas™ in the financial community explicitly
adjust the betas caicuiated from past data. on the basis of changes that are
known to have occurred in the structure of the business. Thus, in caleuiat-
ing the reievant beras ar any time, it might be sensible o0 use vajues
estimated with data following the time at which the valuation took placs.
Fortunately, our expectarions dazz are not based on calculations using the
realizations over the forecast period 0 we do not have to worry about
Spurious correlations being found betwesn the expected return and these
future vaiues. ' '

We adopted a compromise approach atter some experimentation. The
regression coefficients are caleuiated using quarterly observations over
ten-year periods. The periods used coversd the three years prior to the
valuation date and the seven years following it. The resuits reported in

the next szczion are not very sensitive 1o variations in the dezails of this

procedure. Almost the same rasuits were cbeained. for exampie. whed™
we took five years before and after the valuation date. Nevertheiess, we
did find thar use of data entirely from past periods gave less sausfactory
results than those obtained by including some future data. Extending the
esumation period into the furure improved the valuss of & and was
particuiarly important for obtaining some presision in evaluating the
effest of inffation. _ _

We also tried monthiy rather than quarterly observations and shorter
time periods over which to make the Acuiations of covariancas with the
marketidex. Again we found that the resuits improved when future data
were inciuded in the Qiculations, i.e_, when some foresight regarding the
future was assumed. However. the use of the shorter period made no
suestantial difference to the resyirs. Since it is desirabie to caicutate aij
the regression coefficients over the same period so that the varianca-
covariancs matrices of these estimates ¢an be easily obrained for use in
testing certain hypotheses. and since National [ncome is available only
Quarterly, we pursued the quarterly caiculations.
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133 Chapter Four

4.2 Association of Expected Return and Risk

4.2.1 Strength of Individuaj Measures

suggested by the CAPM) are more important.

The expected rerurn variabie we use is suggested by equation (3.3-14),
Let 7, be the average of the long-term predicted (percantage) rates of
growth availabie for companyattimet, D, ., be the dividends expected
to be paid per share in the course of the next year (as estimared by the
predictor which furnished data in all years), and £, be the end-of-year
closing price (ex dividend where appropriate) for the shares of company
/- Then the expected percentage rate of retumn, 5, is calculated as

(4.2:1) Bie = Bie + 100(D, . /2,).

Simple regressions of this expested return measure on the various risk
proxies are summarized in wbie 4.1, The sort of cross-sectional data we
are using makes us vulnerabie to keteroscadasticity, which can produce
some seriously misleading results from our data if the probiem is ignored,
To avoid the difficulties Produced by heteroscedasticity, we calculated
the standard errors of the coefficients in the way advecated by White
(1980) that ailows for any heteroscedasticity that may be present. We
repor in tabie 4.1 the asymptotic r-values for the regression coefficients
calculated in this way. Because of the adjustment for heteroscedasticity,

the coefficient of determination /2 is fIot a monotonic transformation of

these rvalues. The vajues of 2 did aevertheless tend 0 parallel the
t-values, )

The first risk measure is the regression coefficient of the (excess) rate of
resun of each security on the (excess) rate of return to the CRSP
value-weighted marke: index. It s denoted by 4, and was obrained by
estimating the equation
(4.2-2) e = P = Bagy(Taee = ) + e

foreach company j over forty quarters, that is. forty values of:, Here,is
the'ex post rerurn to company j, p, is the short-term (ninety-day) Treasury
Bill rate taken 1o represent the risk-free rate of interest, and Trg iS the
rate of return of the CRSP index, This Baq coefficient-is, of course, the
measure suggesteq by the CAPM if one ignores the probiem that the
market index must provide compiete coverage of marketable securities.
We then proceed 10 estimare the equation

(4.2'3) Bﬂ' =g, -+ 24 B._“" + Ve s
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139 Empirical Connection of Growth Furecasts with Share-Valuation

Table 4.1 Risk Messureg and Naive Expected Return (aaymprode r-vaiues
adjusied for wntjutn .
A. Using Regreuion Coelficients

Year éﬂ év é- é,

195¢ 4.04 37 -5 =113
192 2;m . K7 -5
1563 1.7¢ .98 -3 -5
1964 221 e =145 =108
1965 1.92 1.48 -152 =140

196 19 4 -404 =413
1967 11 .93 —-ddl =383

1968 191 1.98 =437 -4
B. Using Variance Messures

Year "i Iy 3 5

%1 190 .59 259 1.58
1962 143 14 1.56 -2
156 219 09 2 1.51
1964 45,47 2.42 L3 =14
1965 475 330 .21 -.91

1966 2.2t .76 1.60
1967 222 i 128
1968 321 6.98 2.58

Bu = coetficient of the CRSP vaiue weighted index.

fy = coefficient of the rate of change of Nagonal locoms.
8, = coeficient of the Treasury Bill razq,

g, = coetficient of ie rate of change of prices.

:}Jruimofmbngmmm —_

:,-mnmo!mmmmm
:,-mwuluumno!mmmm
S mi:mof:huhort-ummpfedﬁom.

This equation is estimated separately for each year ¢ on the basis of all
companies j for which we had data in thar year. The resulting r-vaiues for
@, appear in tabie 4.1.

The r-vaiues obtained from estimating equation (4.2-3) are positive and
usuaily significant. The Strength of the association is not great, however:
the value of  corresponding-to the highest r-value is oniy 0.16. The
wezkness of these associarions couid arise from the particular market
index and periods used. However, as noted above, the resulrs did aot
vary substantiaily if alternative indexes were used in place of the CRSP
weighted index. and seemed more apt 1o be weaker than stroager. They
also were not substantially changed by using the coefficient obtained by
regressing individual rerurns on the market return rather than using
€XC23s returns in each case. Moreover, the resuits were aot very sensitive
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140 Chapter Four

to changing the period over which the coefficients were estimated. pro-
vided that at least some observations following the date at which the
growth forecasts were made were inciuded.

Although the regression coefficients with the CRSP index give signifi-
Cant resuits. strong -values (and coefficients of determination) are some-
times obtaied from using the regression coefficients of the secunties’
returns on the rate of change of Nartional Income. indicated by 8, in tabie
+.1.in piace of §,, in estimating equation (4.2-3). These r-values ars not.
however, as strong as those for the coefficient of the CRSP index.

Qur next risk measures come from esumating the regression of =sach
security’s rate of return on the rate of inftation (§#,) and on the Treasury
Bill rate (8,). Systematic refationships between security rerurns and
inflation and interest rates are consistent with the wider specification of
returns being associated with a variety of factors, as we argued in chaprer
3. Table 4.1 indicates that these aiternative risk measures do not do as
well as the standard §,, measure during the early years. They do. how-
ever, tend to have a much stronger influence later in the 1960s when
inflation rates and interest rates begin to soar. The signs of 8, and B, can
be expected to be negarive if they do not aiso stand as proxies for other
risk measures. A higher valye of B, indicares that a stock provides a
berter inflation hedge. which is a desirabie artribute. Similarly, a positive
value of B, indicates that the stock does well when interese rates rise and
hence is negatively correlated with realized returns from fixed income
securities,

These results clearly indicate that the various regression coeificients
areindezd related to expected return. The next question is whether other
types of risk measure have siill cioser associations. Part B of table 4.1
summarizes the results obtained by using various variance measures for
risk instead of regression coefficients.

The first of these alternative risk measures is the variance of the
predictions of long-term growth. 53~ This quantity may possibly be inter-
preted as a measure of own variance and thus of specific risk. Neverthe-
less, the decompesition shown in equation (3.4-14) suggests that it may
instead be a particulariy good expectational proxy for systematic risk. For
the years 1962 through 1963, when our sampie was widest, 53 gives
stronger resuits than agy of the regression risk measures. It aiso shows
positive associations with expected rates of return in other years, which
are clearly significant excepr in 1961, )

Equation (3.4-14), which provides the basis for the possible interpreta-
tion of 53 as representing systematic risk, aiso indicates that st would be a
quadratic rather than a linear combinarion of the factor coefficients vy,
This might suggest that the standard deviations of growth forecasts might
be stronger measures of systematic risk than the variances. However, as
the column of table 4.1 hegded s, shows, there was no reiiabie tendency
for this to be the case.
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If 57 shouid represent specific risk rather than systematic risk. one
might expect a better measure to be provided by the residual variances or
standard errors of estimate of the regressions of the rates of retyrn on the
various systematic variables. Our findings do not, however, support this
suppasition. The standard errors from the regression of return on the
four variables used to calcuiate the B8 coefficients produced weaker results
than did 5. They are shown in the column of table 4.1 headed s,. The
residual variances, that is, 52, gave no stronger resuits.

The success of the variance of the long-term predictors makes one
wonder whether the variance of the short-term growth predictions could
also be used 1o provide a useful measyre. This did not prove to be the
case. The resuits, given in the final column of tabie 4.1, show mixed signs
and are generally notsignificant. This risk measure quite clearly is weaker
than the variance of the long-term predictions.

4.2.2 Use of Several Risk Measures

These results aiready have some interesting implications despite the
simplistic approach used. There is, however, no reason to limit ourseives
to only one risk measure. We now turn to the wider specification where in
the first step the realized rate of rerurn is regressed on all the suggested
variabies.’ Before looking in the next section at the more strucrural
aspects of this specification. we sxamine the prima faciecase that all these
variables are relevant to valuation, even though these inferences may
turn out to be influenced by errors-in-variables difficulties.

The coefficients were obtained from the multiple regression of the rare
of return of each security on the CRSP value-weighted index (M), on the
rate of change of National Income (DY). on the Treasury Bill rate (7).

and on the rate of inflation (D £). The equation firted for each companyix -

(4.24) o, = &3 - 5.\.‘,4”, + 5}?0 ¥,
+* 8,0, + 3, DP + u,.

and the estimated regression coefficient 3; serves as risk measures. The
cross-section specification for Pje is expanded from (4.2-3) to

(4.2-5) Pumag+ ﬂta-.w; - astl - a;é,,- +* 4‘5.” .

Estimates of this equation are given in tabie 4.2,

A gumber of findings indicated by tabie 4.2 are worth emphasizing. Of
most importance, each type of coefficient is significant in some years. in
the first part of the period only the market coefficient is significant.
However. toward the end of the period other coefficients tend to be
important. especiaily those measuring systemaric refationships with infla-
tion and interest rates. When these results are taken at face value. two

J. Mm:htw{mmwmmemdardgmﬂalmr:fcrredloin‘

tabie 4.} were obtaned,
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Tabie 4.2 Regression Estimares for Extended Model (or the Expected Rate

of Return (Rsymptatic r-ratics adjusted for heteroacedasticiy)

Year Canstan: ig Sy 5. i, R

1941 7.0 .58 23 -0 -03 .15
(12.7%) (2.73) (1.4N0 (=T (-.59)

1962 1.82 L19 20 02 -02 .10
(10.82) {1.5%) (1.61) (348 (-.29)

1963 6.54 1.4&3 .05 -.03 -01 .07
(14.29) €3.04) {.43) (=~.38) (-.12)

1964 6.00 .58 -.06 -.03 -.06 .12
(10.22) {3.50) (=78 (=12 (- .58)

1943 L% iy .1 -7 -0 .07
(18.31) (15n (1.14} (=129 (~1.00)

1966 9.3s .90 A7 -.09 -9 .19
(21.13) (2.11) (1.97) (=329 ¢ -1.60)

1967 .52 1.25 23 -15 -3 .25
(17.46) 21D (2.53) (=4.19) (-3.67

1588 8.3 3.98 42 -.24 -2 2

(11.70) (4.69) (3.28) (=419 (=37

expianations for them come to mind. First, in the more stable eariy pan
of the period, estimates of the 3 coefficients may be sufficiently imprecise
that in the subsequent estimation of equadon (4.2-5) the reiadvety
greater errors of measurement lead o lack of significance. Second,
investors may have become more concerned about the other sources of
sk, such as inflation angd interest-rate instability. as the decade
proceeded.* Overall, the resujts Suggest strongiy that all influences play a
role, though it is an open guestion whether this is because they acr as
proxies for other variabies. -

The signs of the coefficients tend 10 be the same across the different
equations. Although with errors in variables we must be cautious in
anaching much importancs to the signs of particuiar coefficients, the
patterns obtained do usually conform to the signs suggested by intuition.
Positive association with either the market return or income raises the
expected rate of rerurn. Correspondingly, positive partial correlation
with the rate of inflation, indicadng that the stock tends to aer as 2 hedge
against inflation, lowers the expected rate of return. Fimaily, the coef-
ficent for the Treasury Bill rate usually has the expected negative sign.
There is, however, 3 §9o0d deal of correlation across securities {roughiy
about 0.6) between the coefficients for the Treasury Bill rate and for the
rate of inflation so that one may be partly serving as an additionai proxy
for the other. This correlation is sufficiently low, however, that one
cannot legitimately presume that variations in the rate of change of prices
and in the short-term rate of interest necessarily represent the same

4. [nflation, a3 measyreg by the annuai rate of change in the Consumer Price Index.
femaned beiow the 2 percent ievel through (965, Later in the decade. inflation increased

the & percent level.
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variable. Except for this fairly mild correlation. muliticollinearity prob-
lems are small, making ir less plausibie that all the differsnt measures
serve as proxies for some singie variabie.

Inclusion of ail these different regression coefficients does not account
for the strength we found earlier for the variance of the predictions.
When that variabie was inciuded in (4.2-5) along with the four § variabies
measuring various systematic risks, it usuaily was highly significant with a
positive coefficient. The a coetficients for the four 5 variabies tended 10
rerain the same signs, though with lessaned significance. The apparent
importance of s may in part result from errors-in-variables problems or
misspecification. Nevertheless, it may also indicate thats} is a particulariy
useful expectational proxy for several of the systematic risk measures,
What is important is that the values of R are sufficiently high and so very
highly significant that there isao question about there being sorne ynder-
lying systematic association among the vanables inciuded in the specifica-
tion.

4.3 Structural Relations between Expected Return
and Risk Coefficients

The results reported in the previous section may arise because the
market actuaily takes a multifacated approach to risk. In contrast; they
may simply be the outcome of using peor data. To investigate this
question, we proceed in two stages. First, we examine the extant to which
our risk coefficients exhibit the linear structure that we indicated in
section 3.4 would be found if there were fewer factors than the number of
independent variabies used in the regressions in which the §; coefficients
were calculated. Establishment of the number of factor coefficients is alsy
needed in order 10 proceed to take account of the errors of estimation of
the 8 coefficients. The second stage invoives estimating the valyation
model allowing for the presence of these ecrors.

4.3.1 The Number of Factor Coefficients

We showed in equatiun (3.4-12) that the variance-covariance matrix of
the regression coefficients has 2 particular strucrure under the common-
factor model for rates of rerum. Let § be the average of the §; vectors. and
let 3<be the average of thée a; vectors whose elements a,, are the coef-
ficients of the common X factors in the (true) rate-of-return eguation
(3.2-16). Letting h = 3/_, 41, where A, is the residual variance, we can

rewrite equation (3.4-12) as
(4.341) Ve E[’él (8 -8) - S)'JJJ

= E.[;él (u, - E)(ﬂ; - E)'IJ]E - F(X‘X)' L
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Tabie 4.3 Signifiesncs Lrveis for the Hypothesis That Moee Than Specified
Numbery of Factors Are Presint io the Regression Coeflicienty

Number of Factors

Yexrs 0 1 2 K

1959=-58 000 .Bl& .$9¢ [N
196049 000 .I133 286 .128
196i-70 000 890 .734 303
I963-71 000 .935 .33% .951
196372 000 .787 .789 .30%
19673 000 .001 .059 .694
1965=74 000 .US8 .196 592
1966-75 000 .005 .0&5 398
1967-76 000 .006 .03 .317

Since (X°X), the cross-product matrix of the variables used to estimate
the coefficients, is known.’ we can investigate the hypothesis that this
common-factor structure does apply* to the variance-covariance matrix
of the estimated coefficients calculated for the different companies.
Assuming that the coefficients are normally distributed across com-
panies, we performed likelihood-ratio tests of a variety of hypotheses. In
doing so we used the value of A, the average of the estimatas coming from
the estimates of the individual regressions, rather than jointiy estimating
this parameter in the factor analysis. No substantial differences in rasults
octur when instead % is estimated from the § dara.

The regression coefficients used for different years are far from being
independent, since thirty-six of the quarterly observations are the same in
regressions for adjacent years. Nevertheless, the patterns that occuz over
time are of interest. When we tested the hypothesis that there are less
than four factors represented by the four regression coefficients, the daza
strongly supported the hypothesis that thers ace fewer factors. These
tests are summarized in tabie 4.3 in terms of the smallest significance
levels at which one could reject the (null) hypothesis of oniy zero, cne,
two, and thres factors over the alternarive hypothesis of at least four
differsnt factors being present.’

The hypothesis of only one factoris very strongly indicated in the early
part of the period. However, when observations from the 1970s begin to

3. Of course. when the § vecior being investigazed does noc conrain the conszant term,
the appropriste row and coluras are firse removed from (X°X)"'. -
, 8. Speciially, the procedure invoives the principsl components of Yo (3,-3)
(8,-6)'Uinr.rnmu'i=o{(.¥'x1".SeAuuﬂondeuhin(lm) for ;3 discustion of
maximurn likelibuod estimares of the mouel. The fact that A(.X°X) =" is known makes more
facton identiftable than would waually be the e,

7 Qualitaovety similar results are obtuned when we test three versus four factory, two
verus three, etc,
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piay an important part. the data indicate thac ar least two factors are
present and wauld reject at the 0. 10 leve! the hypothesis of two factors in
favor of three factors for some of the estimations.

The reason for the suceess of a one common-factor mode! in the early
estimates was not thar the correlations of different quantities, which
themselves all varied significantly, could be fully antributed to 2 single
factor. Rather; it was the case that some of the estimated coefficients
varied so little across companies. relative to their errors of estimation.
that both the variances across companies of their true valyes, s, and
their correiations with other coefficients could be treated as zero.

This problem is iltustraced by the data from the 1960s shown in table

4.4. Therz we present the matricss

z - -
S & -84 -5y
Ja

and ’ _ -
[r-n & =8 -8 -Rxx)" 'I.

All the variances of the §, and §, coefficients can be antributed to estima-
tion errors, and the hypathesis that the variance across companies in the
true coetficients was zero could not be rejected. Indeed, ail the variancs
can be sa anributed for &,, the coefficients of inflation. Later, as intarest
races and inflation rates themsa|ves showed more variation, this ceased ro
be the case and ail coefficients showsd varation 2cross companies sig-
nificant beyond the 0.05 ievel. As noted earlier, while short-term interest
rates and inflation may primarily reflect the same factor (as might be the
case if the real rate of interes: is constant). the magnitude of measyre-
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Mment errors in each variabie must then be very substantial since collinear- -

ity problems in the data wers mild and do not clearly account fof the

Table 4.4 Covariaace Matricas of the Regression Cosflicients
Fitteet for 196069
. 8y 8 i,
A, Unadjusted

:.w 09

- 3y 17 $.46
- 47 -1 58.9
3, -.03 .27 =229 19.3 .

B. After Suberacnon of Esumation Error

S .05
3 .13 1.08
s .61 1.63 5.13

LS -2 - 473 =138
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difficuities. Furthermore. the results 3bout the anumber of factors were
repeated when we dropped the interest-cate variabie from the originai
regressions. The 1964-73 period and later ones indicated the presence of
at least two and possibly three factors. Prior to that period, the variance-
covariance matrices suggest only a single factor.

Earlier investigations of the appropriateness of the common-factor
mode to security returns suggested that severai factors would be found.
King (1966) as well as Roll and Ross (1980) each found support forsuch a
hypothesis. Hence one may suspect that our results for the early years
reflect the peculiarities of the data on some of the independent variabies
in that period.

These tests have involved the variancs—covariance matrices of the
tegression coefficienss. This was appropriate in view of our desire to use
the adjusted matrices subsequently in estimation where it is necsssary to
avoid using singular matricas. However, the original hypothesis appiies
aiso to the averages (across companies) of the coefficients, that is, to

J2z.. . .
E‘L.I'l 881 ~ A(X X) l}.

When we investigated the number of facrors, recognizing that the means
of the regression coefficients shouid have the same factor structure, we
found evidence for two factors rather than only one in the early years,
That is, the hypothesis of only one factor can be rejected weil beyond the
0.05 level, but not that of there being only two factors. The resuits for the
later years did not change appreciably. We can still conclude that there
are certainly two, and possibly three, common factors.

4.3.2 Resuits Allowing for Estimation Error

The previous findings about the number of factor coefficients presentin
the rate of return regressions pose a dilemma for the next part of our
investigation. We suspect that the reason for finding oniy one factorin the
early years is thae the other factors happened to have very little variation

in the 19608, However, if the risk was sgil preseat that they wouid vary, -

then their coefficients should stiil enter the valuation equation. Using a
one-factor model would then invoive misspecification, Testing the
hypothesis that more than one factor is actuaily present does require that
the™data clearly involve more than one factor. A procedure deveioped in
Cragg (1982) that allows for estimation errors in 3 invoives the use of

I . . . '
[ Il (& — 8)(3; = 8)'1) - R(X X))~ ‘}" i
J=
The procedure makes sense only if the matrix is clearly positive definite.

When this is the case, we can allow for the estimation error to see what
inferences stand up even when irs effects are recognized. In doing 0. we
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shall use the simplification, discussed in Cragg (1982). in which the u; of
equation (4.2-4) are assumed to be normally distributed.

We resclve the dilemma posed by our findings about the structure of
the §, coefficients by fitring two types of model, allowing in each case for
the estimation errors of the regresyion coefficients. First, we estimate the
equations for the expected rate of return using only the regression coef-
ficieat for the market and the variance of the long-term predictors; ie.,
we fit the equation

(3.3-2) Pre = ag + 4,8y * LG

Here, the 8, are based on the three years before and the seven years
after the vaiuation. Second, we use the coefficients for the 1566=75
period, estimated without the intersst-rate variable; that is, we estimate

where the y; are calculated from the regression
(4.34) T = Yo * YafTu + DY + 4, DP + v,

for the period 1966-75. As we noted. there v coefficients do support
(though not strongly) the conciusion that a three-factor model is
appropriate,

- The first approach does Little to resclve the puzzle. I the eariy part of
the period, 3, was not significant while 52 was always stronger and
usuaily significant. For 1966 and subsequent years, when the number of
predictors available on which to base 53 becomes small, By is highiy
significant, and positive, as is s} in the last wo years, These resuits suggest
that 57 is not simply another proxy for the systematic risk measured with
considerabie estimartion error by Bus. Instead, it suggests that a modal
with two or more factors is appropriate—or that there is another refevant
risk concept proxied by s2. : '

The results of the second approach shed quite a bit more light on the
matter. When adjustment was madse for errors in variabies and allowanc=
was made for heteroscadasticity, it usually ramed out that none of the
coefficients was significantly ditferent from zero. At best. but one would
be, and thent only just at the 0.05 level. This was true whether 5 was
included or not. Overall, however, when s} was included in the equatioa,
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the hypothesis that all y, parameters had zero coefficients in equarion °

(4.3-3) could be rejected beyond the 0.01 levei, except in 1963 and 1965.
When 57 was not included. the hypothesis could sometimes be rejected at
the 0.10 leve! and somerimes not.

Par of the difficulty stems from multicoilinearity. As lack of certainty

abour the number of underlying facrors indicated, the “carreered”™ /]

coefficients are correlated with esch other. Mareover, there is some
sorreiation with 57, though it is small. The technique used invoives much
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more complicated standard errors than ordinary regression. and for a
given covariance marrix of expianatory variables these standard errors
are considerably larger. More coherent resuits wers obtained when the
Yy coefficient for National income was eliminated from (4.3-3). A pactern
then emerged in which the coefficient of inflation and the variance of the
predictors were significant, but the coefficient for the market index was
not. Eliminating this coefficient as weil as the one for nadonal income
then produced the resuits shown in tabie 4.5, '

The results shown in tabie 4.5 are similar in nature for the differant
years. The risk variable 52 has a positive and usually significant effect. The
notabie change in its magnitude in 1966 corresponds to the change in the
number of predictors from which the forecast data were collected. The
sensidvity of the security’s rate of return to the rate of indation as
measured by vy, had 2 negative effect as we would expect.

These results suggest thac at ieast two factors are relevant in valuation.
One may be equated broadly to inflation and its associated effects. The
other. possibiy representing market risk. seems o be beczer represented
Dy the variance of the predictions of long-term growth than by any of the
regression coefficients. Its exact nature therefore remains a bit of a
puzzle. The first factor has a negative sign and is usually significant at the
0.10 level. This was true even in the early years when the experiencad
variations-in the inflation rate were very small. The second factor is very
strongly positive and highly significant.

Table 4.5 Eqnﬁghriwhudnm&m'fwm
Error n 3, (asympeodic r-vaiem adjusted for hetrroscrdasticity)
Year Constant v, 5 A —
1961 9.26 -1.13 .63 55 -—
(i262) (=-1.72) (8.30)
1963 8.40 - .18 .87 33 R
: (3.3 {=1.70) (4.96)
1943 8.18 -6 7 4 4 .59
(3230) (-158 (.98
1964 835 -74 .83 34 B4
(LI (~-1.92) {(13.™)
1965 9.0t -73 &2 Al .90
- (28200 (- 1.99) (29.39)
1966 10.72 -2 .05 .08 A8
(23.48) {(-.73) (L4®) .
1967 i -5 @ 3 e
' © (24.88) (-1.65) (2.09)
1948 11.93 -75 .08 .70 48

{(17.78)  (-182) (7.49)
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These resuits have been corrected for the errors of measurement in the
regression coefficients, burt errors in .1; have been ignored. The inter-
pretation we have been giving to that variable means that we cannot
caiculate the variance of €rrors in its measurement by assuming that it is
simpiy the sampling variance of predictions which ail have the same mean
for each firm. We did, however., atrempt to deal with this measurement
error Dy the use of instrumentai variables while continuing to allow for
the estimation errors in the regression coefficients. To do so, we used as
instruments the regression coefficients y,, and Yr and the residuai
variances 57, whose usefuiness we expiored earlier, in tabie 4.1,

The main difficulty with the instrumentai-variabie approach in this case
was that the proposed instruments are not closely associated with s2. The
value of R? obtained from regressing 57 on al the instruments and v,
varied from 0.0S5 t0 0.31. The main effect of this weakness on the esd-
mates of the equations for expected return was to reduce the standard
errors of the coefficients of 5} sharpiy. These findings strengthen the
impression that :i. contains relevant information about risk not readily
availabie in other forms. However, the significance leveis of vy, were not
affected by the use of instrumental variabies. and the results were qualita.
tively much the same as those shown in tabie 4.5 in terms of the signs and
magnitudes of the coefficients.

4.3.3 Constancy over Time

One of the interesting questions abous valuation equations is whether
the coefficients remain the same each yearor whether they change. There
is nothing in the valuation theory to suggest that they shouid be constant.

The opportunity sets faced by investors, extending beyond simpiy the

financial securities availabie 1o them, probably change and so may their
preferences and concerns about various types of risk. The results of tabies
4.2 and 4.5 give an impression of considerable variation. We now test for
variability explicitly,

The residuals from the egquations shown in tabie 4.5 for differen: Years
are correlated even after allowance is made for the effects of estimation
errors of ¥,. Problems of missing observations mean that we can simul-
faneously calcuiate the equarions for a common set of companies in all
yearsonly at the expense of losing a large number of companies. Pairwise
comparfSans indiczted thac the residuals for adjacent years are quite
highly correlated. The correiations of these residuals are recorded in
table 4.5in the column headed r.. It gives the correlations of the residuais
in one year with those of the vear immediately preceding. The guantities
tabuiated are the correiarions of residuals using 2 common set of com-
panies 10 estimate the regression coefficients in the two vears. The exacr
values of the coefficients used differ slightty from those shown in table 4.5
because of the reduced number of observarions used in their caicuiation.

Wo
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The correlations of residuals, which are highly significant, compiicate
the probiem of inquiring into the stability of the regression coefficients
over time. Zzliner's (1962) “seemingly unrelated regression technique™
can be adapted in a straightforward way to the estimation of our equa-
tions even when allowing for estimation error of the original regression
coefficients as weil as for heteroscedasticity. To avoid the extensive loss
of observations invoived when all equations are fitted simultaneousiy,
oaly pairs of equations were fitted.

Pairwise estimation of the equations usually produced significant dif-
ferences in the coefficients of the valuation equation for different years.
The main exceptions, where rejection did not occur even at the 0. 10 level,
are the 1964~65 comparison and the 1962-63 one. The coefficient for 1963
did differ from that for 1964 significantly at the 0.01 levei even though the
values shown in tabie 4.5 indicate the same qualitative findings in the
sense that the coefficients are of similar magnitude,

The differeat estimation procedure used in these tests, which involve
estimating the coefficients of each of two years jointly, did not change the
conclusions about risk that were derived from our regressions in section
4.3.2 for the individual years. Indeed, these estimates indicated stronger
support than the ones in tabie 4.5 for the hypothesis that two types of risk
measures are indicated by the daca.

4.3.4 Average Reaiized Rerurn and Risk

The constant term &, obrained when equation (4.2-4) was fitted 1o
obtain the other 5 coefficient contains implicitly another estimate of the
expected rate of return. It is the average rate of return realized over the
period, which many empirical studies of valuation presume corresponds
to the return expecied ex anze Dy investors. We can use this astimate to
investigate the ex posr vaiidity of the APT, or diversification model.
which suggests that we should find the same number of factors in the 5,
vector when 8y is included as when it is not. This consideration induces us
to repeat the investigations carried out in section 4.3.1 with the Other
coefficients, but now including the constant &, as well.* ’

The extimates for the earfier periods included in our investigation tend
to confirm the mode] fully in the sense that exactly the same number of
factors is significantiy present in the covariance marrix including the
colistant as we found when only the regression coefficients were used.
This support for the mode! is less than might appear to be the case,
however. As was the case for some of the coefficients. significant varia.
tion across companies was nor present in the average rates of return in the ._

8. All independent variables are measured as deviarions from their averages, 10 the
consant term o also ihe sverzge quarterly rate of retumn in the period over which the
fegreision couffickents ars cicuiated.

T T - s
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early years. in the final two years, the wider covariance matrix indicated
that at ieast five factors were needed to account for the covariances of the
constants with the other coefficients.

With the Companies aitering their natures over time and with the
market valuation of risk Quite possibly changing substantiaily over the
decade of the seventies, such a finding should not be surprising even if the
common-factor model is a correct description of security returns. How-
ever, it does not seem feasibie to use these “objective,” ex posr measures
of returns to obrain comparisons with the very suceessful resuits obtained
from the ez anse measures we have employed. These estimated average
€ post returns are not closely correlated with the ex ante measures
derived from using the long-term growth predictions. The swrong and
interesting resuirs we have obtained with these er anre measures of
expected rerurns and the fact that the ex post ones are not closely related
t0 them emphasize the importance of using genuinely ex ante expecta-
noas of returns for studying security valuation. :

4.4 An Mlemaﬁve Valuation Specification

The derivation of the valuation modei in chapter 3 suggested that the
expected return formuiation we have been investigating is only one
approximation to the underlying mode! and that an alternative modei
may also be usefuily estimated. The alternative approximation producss
3 more traditicnal formulation in which the price-earnings rario is the
dependent variable and earnings (dividend) growth, the payout ratio.
and our various risk measures are treated as expianatory variabies. The
expected return formulartion is particularly convenient for focusing on the
nsk structure suggested by the diversification model. The alternative
allows us to ask whether growth-rate expectations are more reievant for
valuation than other measuyres. It aiso allows us to investigate the role of
the short-term growth predicrions as well as to examine again which risk
measures appear to be strongest.

An empirical anaiysis of the price-earnings model i3 aiso desirabie
because of an ambiguity of interpretation of the expected retumn modeis
we have been studying. The resuits of the return model indicate partly
that predicted earnings growth is connected with the regression coef-
fiBtents giving the associations of rates of rerurn to various economic
indicatars. Recall, however, that we found evidence in chapter 2 that a
commen-{actor model may fit the growth predictions of securiry analysts.
Qur findings for the expected rates of return may reflect this feature of the
data, even though the expected rate of return includes the dividend yieid
as well as the expected growth rate. Thus it is not entirely ciear that we
have aczuaily been investigating a vaiuaton relationship.

Impiementation of the aiternarive mode! invoived dividing both end-
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Table 4.6 Risk Mensure in Stock Price Regressions 1asympiatic r-values
for alternutive risk varisbies in wquadon {31}
Year B By 8. - n
196] -32 t.10 L.2S .0l -3
1942 -4.5 -7 1 2.58 -i
1963 -3 T4 - .43 -3 =%
1964 =238 -278 - 38 1.5 =378
1945 i.4] 132 -70 -.43 -1.2
1964 -1.49 -~.37 e 33 -.19
1967 IR N =219 22 -3.67
1948 e -2 =L41 -174 -1.12

of-year prices {P) and the dividends projected to be paid (D) by average
normalized earnings’ (VZ) 1o give the equarion

(4.4-1) PINE = aq + a3, + a,D/NE + a,RISK.

where RISX stands for the various risk variables used.

4.4.1 Risk Measurss

We begin our investigation of equation (4.4-1) by treating each of the
risk measures we have been using as alternatives. just as we did when

- considering equation (4.2-1). In these regressions, both the average

expected five-year growth rate and the dividend payour ratio almost
aiways had positive and significant coefficients throughout the sample
pericd.

The pattern for the risk measures is more complicated than eartier.
Table 4.6 corresponds 10 table 4.1. In these regressions, a negative sign
should be expected for the risk measures based on covariance witlithe
market index and with national income, since higher risk should. ceteris
paribus, lower price-earnings multiples. Although both 8 measures have
the correct negative values more often than not, the r-vaiues indicate that
they are oniy ocsasionaily significant. Positive signs should be expected
for the risk measures based on reported inflation and inzerest rates. As
was found in the ragressions in table 4.1, these risk measures are oniy
significant toward the end of the period studied. but their signs are often
incorrect in these vajuarion regressions.

Thkese findings indicate the difficuities of using the simpie regression
coefficients as risk measures in a specification also containing several
other variabies. In contrast to these ambiguous results, the variance of

B.hn‘mmaﬁnd“e:minpmﬁm&udbymefmhmmdm
described in chapter |. When mare tas one forecaster's esnmates of “normalized™
cIUMRYS wert viabie for 3 company. the ssnmates were averaged. The resuirs are litthe
ditferent (but 3 2w poorer) if repurted carmags over the most receat tweive-moath perosd
are substituted f{or “normaiired™ €arungs,

Page 19 of 32




Appendix B
Workpaper UIF-6
Page 20 of 32

153 Empincai Cunnectiun of Growth Furecusts with Share-Valuation
Tabie 4.7 P'NE Regremion Extimates of Equation {4.41) iasympiotic 1-catios
sdjusted for heteroscadasticity)
Year Conszane 7, DINE s R
1961 1.38 3 .2 - 57 31
K (.64) (7.5 {28 (=431
1962 330 b} B4l ~LI17 .78
(1.79) (i6.69y  (2.91) (=579
1943 238 iy 6.T1 -5 77
{.94) (11.20) (LT9) (=237
1964 25 .13 13.16 -1.09 e
{(L.TH {23.54) (6.13) (-%.71)
1945 1.76 i &7 - .66 A7
{.62) (6.58) (.14} (=1.2%9)
1966 22 L7 742 -0t 57
(.09) (9.62) {279 (=-.I9)
1967 1.88 235 -1.08 -09 .49
(.67) {11.28) (~=.35) (~8.67)
1968 2.18 .78 513 - (4. 52

(.56) (8.1% (99 (=1.12)

the predictions always has a negative sign. Its significance does vary
considerably across vears, primarily reflecting variation in the magnitude
of its coefficient. The important point, which agrees with our previous
results with the expected retur measures. is that 53 provided 2 better
singie risk proxy than the regression coefficienrs based on more objective
calculations. It also provided a more significant and consistent measure
than the residual variances of the regressions, 2.

Table 4.7 shows the tull estimates of equation (4.4-1) using 3 as the risk
variabie. The growth-rate variabie s highly significant in each of the vedrs -
covered. The payout ritio has the expected sign excepe in one year but is
usually insignificant.® As we have already noted. the risk variabie aiways
has the correct negative sign and is often significant.

4.4.2 Alternative Growth Measurss

The extent 10 which using truly expectationai data is important for
valuation modeis is indicated in table +.8. Here we show the vaiues.of R

10. The positive sigr: of the divigdend coeificient shouid not be interpreted as evidence
tha dividend policy cn aifect the vaue of the shares. This coefficent indicares oniy chat s
clﬁﬁﬂhﬂﬁlmiudhidnﬂpam will increase the pnce of the shares. Among the
things heid constant in this equarion is the growth rate of earnings and dividends per whare.
A posinive dividend coefficient thus indicates oniy that grvem the future growtn rate in
urrnnpandd.-ividnds.:hcmofashu::houldbehign.mchiﬂmilmml
percentage of earnings that can be paid out. The famous “dividend irrelevancy " thecrem af
Miller and Modigiiani ( 1961) says that an increase in dividend payous wiil tend to reduce the
jrowen nuof:umnpmmmummmamwum have 10 be sold to make up for
the extra funds paid out in dividends. A poutive dividend coefficient 15 thus in 5o way
inconsistent wath the divideng urelevancy thearem.
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Tabie 4.3 Values of R4 for Alternative Specificatioas
of the Vaigacion Egquaton
Speafication

Yzar 1 2 3

1981 42 35 .81
1962 50 K x; i
1543 49 50 77
1964 37 .43 77
1968 2 | .67
1966 = )| Lt .57
1967 32 .36 &9
1968 i x < 5

NOTX. See text for specificynons,

for various combinations of historical and expectational data. The first
specification (column 2) involved regressing the price-earnings multipie
on three historic figures: the past ten-year growth rate of cash earnings,
the average (over the preceding seven years) historic dividend-payout
rate, and B,, estimated using only revious_data. The third coiumn
substitutes the expectational varigbie 3 for the B, coefficient. The fourth
column repeats the specification of equation (4.4-1) with 52 as the risk
variables, §, and D/NE in piace of histaric growth and payout, and 2/ NZ
as the dependent variabie in place of P/ £, These A vaiues are the same as
in table 4.7,

The dramatic change in the value of # for the valuation equation Gectirs
when 7, is used for the growth rate, Other variations have comparatively
minor effecss. There are, of course, a large number of ways of calculating
past growth. Qur findings hold up for the wide variety of historical growth
fate we wied as well as the one reported in table 4.8. Using the average
predicted growth rates substantially improves the fit of the regression. [t
istherefore safe i conclude that insofar as the market does vajue growth,
the growth rates invoiveg are far berter represented by actuai predictions
made by security analysts than by any mechanicaily caiculated raze.

Cae may wonder whetlrer we would have done berter to use only one

T rather than the average we have empioyed. Problems of miss-
ing observations 2gain hinder this investigation. One of the advantages of
using the average is that it allows us to inciude most of the companies in
the regressions. However, it is also the case that closer fits tended 1o be
obtained by using the average growth rates of all predicrors than by
employing the forecases of any singie firm. This suggests that our survey
was useful in getring closer to what might be considered the expectations
of 2 “represenrative” investor. |

-
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4.4.3 Role of Short-Term Predictions

In addition to the long-term growth estimates, which have piayed such
an important role in oyr empirical valuation work thus far, we also
coilected short-term Predictions for earnings in the next year. These were
described and analyzed in chapters | and 2. Given the long-term growth
rate, a stock should sell for a higher price if more of that growth is
expected to be realired eariier in the period. Therefore we augmented
our valuation equation (4.4-1) to include the term 2. W/ NE, the ratio of
Aext year's average predicted esrnings (£.,) to average normalized
eamnings (for the present period). Eguation (4.4-1) then becomes

(4.4-2) PINE may +ag, + 2,2, /NE + 2yDINE + aus3.

The resuits obtained with this specificarion are presented in tabie 4.9.
The addition of a term for short-term growth does add some explanatory
power to the regression, aithough the significant r-statistic for the coef-
ficient of Z,. /NE comes partly at the expense of the long-term growth
coefficient. The dividend and risk terms generally retain their usual signs,
though they are often not significant.

4.4.4 Variations of Specification
The success of the short-term growth variabie raises the question
whether more generally 2 nonlinear specification might be appropriate.

As we noted in secrion 3.4, the linear form of the equation is oaly an
approximation to some more compiicated true form. To investigate this

PINE Regressien Estimatas of Equasion (4.5-2) (asympeotic

Tabis 4.9
~valnes adjusisd for beteroscadascicity)
Year Coostant 3, E_/NE ONE & &
1961 -35.0? g7 4131 -1.58 -7 38
(=4.16) (11.94) {4.78) (-39 (=-.7%
1942 =338 1.99 a.s57 69 ~1.00 .78
(-52) (1:.09 {2.13) (19N (=420
1963 -11.43 2358 13.66 7.2 -353 M

(=281) (1229 {4.33) (1.5 (=218

it -721 213 8.56 13.19 -3¢ .8t
(=248) (1867 (3300 (5.41) (~192)

1565 -14.53 2 10.53 320 -1 .73
-1 (7120 ™ o8 (9

1965 -7.67 1.3 6.51 3.94 -2 .53
(= 1.94) (10.31) (2.00) 3.5 (-~.2%

1967 -3.55 23 9.33 115 -08 .72
. (=131} (12,79) (1.67) (.33) (-T7.18)

1968 -15.77 1.57 18.20 366 =03 .55

(234) (673  (3.12) (.96) (~.36)
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possibility, we used 3 quadratic specification for the growth and dividend-
Payout variabies. Thar is, we added the squares of 8, and of O'NT and
their cross-product to the specification (4.4-2).

Use of these nonlinear terms did litele to improve the explanatory

measurement errors. these findings may weil represent little more than
the probiems such errory preduce.

It is not Surprising in view of these findings that we somerimes found
that breaking the sampie into various groups produced significant differ.
ences berween the groups. Thus, when the €quauon was run separateiy
for Iow-dividendfhigh-growm and high-dividend/low-growth companies,

some significant differencas in coefficients. Similariy, fitting the equation
for different industry groups preduced some significant differences across
industries in the cocfficients (e.g., dividends were more highly vajued in
publie utility companies). Since in each case the classifications tended o
reduce the variances of the independent variabies, the significant differ-
€nCes may arise simply from the changed importance of the variancas of
the measurement €rTors relative to the variances of the true underlying
vaniabies, '

+.4.5 Measuremen: and Estimation Ertor

Allowing for errors of estimation in céiculaking the regression coef.
ficients did not relieve the problems we encountered when we introduced

(4.4-2). Itis far from clear that the reason for this finding was thay sych
risk terms do not also piay a role in vaiuation: in other wards, we cannot
conclude that a mode} with oniy one factor is appropriate. Instead. we
may ascribe the findings. ar jeast partiaily, to multicoilinearity, particy.
larly with the Pavout ratio. When thess regression coefficients were
added to the specification, the coefficient of D/NE usually became com.
plevely insignificant and §t was highly corrsiated with the coefficients for
Bacor for the Y coefficients. As we noted eariier, the growth variabie 7, is

Measurement errors are far from being confined t0 the risk viriabies,
Clearly our growsh variabjes are subjest to error and the payoyr variabie
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also is oniy an approximation to what the market could perceive to be the
payout rate. These errors may account for some of the problems we have
encountered.,

AS Was aiso the case when we sought instruments for s3. finding good
instruments for the growth rate and the payout variabies was not easy.
We have aiready seen thar %, contains usefui information not availabie
from mechanically ealeyjazed §rowth rates. As a result, satisfacrory in-
struments for it are unlikely to be found. We tried using past four- and
ten-year caiculated growth rates as instruments for z, and the lagged
value of D/NE for the current value of this variable. When we used the
specification (3.4-1), we also included £,. /NZ as an instrumental vari-
able. We could aiso take advantage of some of the correlations of risk
with growth and Payout by treating 4., and Yv a8 additional instruments
when only 5, and 52 were used as risk measures. '

Using instrumentai variables to deal with these measursment errors
did not substantially aiter our findings. What we obtained wers equations
qualitatively similar 10 those shown in tables 4.7 and 4.9, but with much
larger standard errors for the coefficients. This finding may be taken to
indicate, at least, that erTors in variables have not produced seriously
misleading results in those tables. When the probiems of muiticollinearity
of the growth and dividend variables with the risk ones were combined
with the complicated variances of the coefficients that were the resuit of
making allowancs for the estimation error of the risk parameters, it is
small wonder that mors precise resuits could not be obtained aboyt the
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precise specification of risk. - -

4.4.6 Stability over Time

We found earfier that the coefficients of the expected return moded
varied over time. The question of the constancy of the vaiuation equation
is particularly interesting in the present form, where prices are the
dependent variabie, Stability of the coefficients is aiso important 1o those
wito wish to make practieal use of vajuarion equarons in connection with
assigned vaiues of the independent variabies 10 estimate the “intrinsic
worth™ of a security. Furthermgre, constancy of the reiationship is impor-
tantif a firm is to seek 1o follow poiicies that will maximize the values of its
shares. since it will find ic hard to piease investors if their desires are

An inspection of tabies 4.7 and 4.9 indicates that the coefficients of our
equations do change considerably from year to year, and in 2 manner that
is consistent with the changing standards of value in vogue at the different
times. We may illustrate this Ainding by the regression resuits of rable 4.9.
At the end of 1961, “growth stocks” were in high favor, and it is no:
surprising o find that the soefficient of the growth rate (3.07) is highest in
this year. During 1962. however, there was 3 conspicuous change in the
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structure of share prices that was popuiariy called “‘the revaluation of
growth stocks. " This revaluation is reflected in the dectine of the growth-
fate coefficient for 1962 to 1.99, At the same time, dividend payout
became more highly valued in 1962 than it had beenin 1961, the dividend
coefficient rising from - 1.58 to0 6.96. Nineteen sixty-two was 2lso the

residuals in different years were not independent. The correlarions,
which are shown in tabie 4.10, are somewhat smailer than those found in
section 4.3 when we were investigating the expected rares of return, but
they are significantly different from zero. They again raise the need to use
4n appropriate technique for assessing the stability of the coefficients and
the problem that calculating all the equations simultaneously for a com.
mon set of companies entails the joss of a large proportion of the observa.
ticns.

Using the seemingly unrelated regression technique for a pair of years,
we could reject the hypothesis of equality of the coefficients in each pair
of years at least ar the 0.0] level. When all years were considered
simultaneously, rejection eccurred beyond the 0.0001 level despite the
large loss of observations. Thus it seems ciear that valuadon relationships
do change over time. Whije this finding may, of course, be due to
probiems with the dara being used, it czrtainly lends no credencs 1o the
proposition that the parameters do not change.

4-5 Use of the Vaiustion Model for Security Selectivn
One of the most intriguing questions concerning empirical vaiuation

models is whether they c2a be used to aid investors in security selection.
The estimated vaiuarion equation shows us, at 2 moment in time, the
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dverage way ia which variables, such as growth, payout, and risk, ip- -

fluence marker price-carnings multiples. Given the vaiue of these varj-
Tabie 4.18 Corrvintions of Repichesis in Adjacest Years and
Recares

with
Resiciuaia Residuaiy Residusis of {4.43)
Year from (4.4.1) from (4.4.2) with Furore Retwms
19162 2 .82 -2 -
196243 55 57 .0
19664 4 48 -28
196065 30 59 - D&
196566 37 R .08
196667 50 44 -0
196758 K] .5d -.10
1964/89 -— — .20
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abies applicable to any specific security, we can compute an estimated
price-earnings ratio based on the empirical valuation equation. The nex:
Step is to compare the acruaj price-earnings multipie with that predicted
by the vaiuation equarion, If the actual multipie is greater than the
predicted one, we might suppose that the security is temporarily over-
priced and recommend saje. If the actual price-eamings multipie is less
than the predicred multipie, we might designate the security as tempo-
rarily underpriced and recommend its purchase.

Even on a priori #rounds, it is possibie to0 think of many reasons why
such a procedure wouid prove fruitiess. For exampie, if high growth-rate
stocks tended to be overpriced during one particular period, the esti-
mated growth-rate coefficient would be larger (by assumprion) than that
which is warranted. However, the recommended procsdure will not
indicate that these stocks are overpriced because “normal” market-
determined earnings muitiples for these securities will be higher than is
warranted. Nevertheless, in view of the popularity of these techniques
with some practitioners, it seams worthwhile to try some experimenis
using our data. :

The resuits of some of oyr experiments are shown in tabie 4.10. We
measured the degree of “over-" or “‘underpricing™ as the predicted ratio

"of the residuai from the vaiuation egquacion (4.4-2) 1o the predicted

carnings multiple, that is, as (P/NE - BINE)I(AINE). A percentage
measure was chosen in view of the considerable variance in actual sarm-
ings muitiples. If the model is useful in measuring underpricing, then

" underpricad securities, determined according to this criterion. ought to

outperform overpricad issues over some subsequent period. We picked
One year as the appropriats horizon and measured subsequent returns in

(4.5-1) Her=(Po =P+ D,.\YP,.
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If the empirical vajuation mods| i3 successfui in seiecting securities for -

purchase, the percentage residual (degree of overvaluation) from the
valuation equation ought to be negatively refated to these subseguent
rewurns. As the fourth coiumn of tabie 4. 10 indicates, in oniy five of the
eigheyears for which this éxperiment was performed was the relarionship
neganve, and the degree of association was low. There was a positive
reiationship for the other three years."! Two of these correlations are
significant at the 0.05 ievei: the negative one in 1963/64 and the positive
one for 1968/65. The 196162 correlation just misses significance at this
level. We wouid not consider these significant correlarions as represent-
ing forecasting suczess. As we argue beiow, we suspect strongly that we

3 8 Wem@mmﬁuuﬁnﬁnlmwmmwm@
d:uforhWMi:mnnmermmthc dverage expectanons of the particular
group.
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have left out some common factors and thar this omission could lead to
correlations over particular periods of ime. Uniess one can forecast these
changes in a way not already availabie 1o the general market participant,
one can hardly exploit these changes. It is therefore particularly indica-
tive that ons of the significant correlations had the “wrong™ sign.

into high and low growth and dividend groupings. Similar resuirs were
cbrained when the experiment Was attempted for separate industries. We
aiso found that the residuais from the equations employing historicai datg
in piace of our expectational data were no more successfui in predicting
subsequent performancs, Moreover, these rasults were unalitered when
the subsequent renurns were measured over aiternarive time periods such
s one~quarter zhead or two or more years ahead. The technique simpiy
did a0t produce excess returns in any consistent or refiabie fashion over
any time period in the future. These findings are what we shouid expect in
4 reasonably efficient marker, '

Some statistics are presented in table 4.11 that may be helpfu] in
interpreting the reason for our predictive failures. We note, using the
1963 valuation equation as an example, that the perczntage degree of
under- or overpricing is not highly correiated with subsequent returns,
the coefficient of determination being only 0.06. It is possibie 1o isolate
four reasons for our lack of forecasting success.

L. The first reason is that the valuation relationship changes overtime.
We might be unabie to seiect truly underpriced securities because by the
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next year the norms of vaiuation have been significantly altered. Thus .

Wwhat was cheap on the basis of the 1963 relationship may no longer
represent good value on the basis of the 1964 equation. To test how
important this change might be, we performed the following experiment:
We assumed that investors knew at the end of 1963 exactly what the

Tabie 4.11 Alniysis of Lack of Torveasting Suceam
Year Dexcription _ -
1963 Valussion equation with 1963 predicrions .08
- 1964 Valuation equation with 1963 datz (assumes nexx .10
m’sniuﬁunhmhiph kacrem)

1963 Valuation cquation with rraiized growth races .14
(amumes perfect foresight regarding future loag-
erm growth and next year's exrnings)

1963 Valuagioa equation wich 1964 predictions (sssumes .27
peﬁlufwuigunprdin'm:umum
vear) :

“Pereent resicuais versusy 1964 fetum.




181 Empirical Connection of Growth Forecas with Share-Valuarion

market valuation refationship would be for the end of 1964; that is. we
assumed perfect foresight regarding next year's valuation equation.
Then. on the basis of the 1964 valuation equation. we used the 1963 dara
o caleulate warranted A/ muitipies, which couid then be compared
with actual muitiples to determine whether each security was approp-
riately priced, Correlating the percentage residuals with subsequent re-

percent of the variance in subsequent returns now being explained.

2. A second reason for lack of sucesss might be the quality of the
expectadons data emploved. As indicated in chapter 2, the growth-rate
forecasts used in the present study were not accurate pradictors of real-
ized growth. To determine how much better off we would have been with
more accurate forecasss, we assymed perfect foresight regarding the
future long-term growth rate of the company. Thus the 1963 empirical
valuation equation was used 1o determine “normal” value, butin piacs of
8, we substituted the realizad long-term growth rate through 1968. Using
these reafized datg 0 determine warranted price-earnings muitipies, we
correlated the percantage residuais therefrom with future returns. As
expected. an &ven greater improvement in forecasting future returns was
found. The 7~ rises 1o 0.14. _.

3. Asa further experiment, perfect foresight was assumed not about
the actual rare of growth of earnings but rather regarding what the market
expestations of growth would be gexe year. that is, about §, next year.
Calculating the degree of Overpricing as befors. we find a much greater
improvement in prediction of furure returns, Twenty-seven percent of
the variability of furure returns is now explained. compared with oniy 6
percent in the original experiment. We conclude that if one wanes to
expiain returns over a one-year horizon. it is far more important to know

what the market will think the growth raze of earnings will be next vear .

rather than to know the realized long-term growth rate. This observation
brings us back to Keynes's celebrated newspaper contest. What matters is
not one’s persenal criteria of beauty but whar the average opinion will
©Xpect average opinion to think is beauriful ar the ciose of the contest.

4. A final source of error is that the valuation modei does not capture
all the significant determinanes of value for each individual sompany.
Despite our success in accounting for approsimately three-quarters of the
vaniance in market price-earnings multipies, there are likely to be special
features applicable to many individgal companies that cannot be cap-
tured quantitatively. For example, it tuned out that the stock of many
(abaceo companies always appeared to be underpriced. The reason for
this is not difficuit to conjecture. There is a risk of government sanctions
against the tobacco industry thar weighs heavily in the minds of investors.
but that is not relared to the risk measures we have empioved. Such an
explanation is not ar variance with the underiving approach to risk

Appendix B

Workpaper UIF-6
Page 28 of 32




Appendix B

Workpaper UIF-6
Page 29 of 32

it is sl quj i

&bm‘?hneq:: ;iisurcthat CETIAN systemaric valuation factors are missing

- pad “ e:uu_quendy: It cannot be said that all deviarions of
actual predi price-earnings.ratios ars simply manifestations of

the . ictions, gi
m:th rate &r::lmo. &1ves a closer account of the valuation of
sumpeﬁor !_;lnch_ dnd‘; alte::nanvg. These growth rates were clearly
porialiy, Mmore doail or prices to any of the simpie alternarives we
from s y firting equations are the resuirs that one would
| expest ér errors of measurement or from using data that

that, whi i icn

@ yie;:ihft hardly being trong predictions, the expectarions dara appear

o o basedm at leasr as dccurate 23, and often better than. najve
reqas OR ex posr reajizations. Furthermore, we found that we
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. could not caicujate 3 linear combination of different types of forecasts

whose superior forecasting performance continued over time.
_ Efficient marker hypotheses suggest that valuation should reflect the
information availabje 1o investors. Insofar as inalysts’ forecasts are more

simpler and more “objective™ alternatives that we tried.

We saw in section 3.2.3 thar diversity of expectations together with
market imperfections might invalidaze the valuation model, However,
we aiso argued that there were theoretica! grounds for supposing that the
mode! would still hoid for the average of investors’ expectations. It is

It is a0 surprise that we found roies for both shorr- and long-term
expected rates of growth. Modeis of valuation using only long-term
growth rates are clearly only simplifications of the more complicated

4.6.2 Risk Measures and Valuation

_The results did not provide wholly unambiguous support for the spe-
cific valuation modeis deveioped here. A number of aspe<ts of our resuits
about risk are Pafticularly intriguing. It is clear from our re.ults chat
expected retums do seem o be related to various systematic risk facrors.

- Such suggestion, which had attracted 2 considerable following in the

investment community by the 1980s, was the proposat for a yieid-tilted
index fund.

The reasoning behind the yield-tilted index fund seems appealingiy
piausible, Since dividends are §=aerally taxed more highly than capital
gains and since the marker equilibrium is presumabiy achieved o the

Appendix B

Workpaper UIF-6
Page 30 of 32




Appendix B
Workpaper UIF-6
Page 31 of 32

164 Chapter Four

basis of after-tax returns. the equilibrium pretax returns for stocks that
pay high dividends ought to be higher than for securities that produce
lower dividends and correspondingly higher capital gains. Hence the
tax-exempt investor is advised to buy a diversified portiolio of high-
dividend-paying stocks. In order to avoid the assumption of any greater
risk than is invoived in buying the market index, the tax-exempt investor
is also advised to purchase a yield-tilted index fund, that is, a very broadly
diversified portfolio of high-dividend-paying stocks that mirrors the mar-
ket index in the sense that'it has a bera coefficient 8, precisely equal to
uniry.

Evenon a priori grounds one might question the logic of the yield-tilted
index fund. Many of the largest investors in the market are tax-sxempt
(such as pension and endowment funds) and others (such as corpora-
tions) actually pay 3 lower tax on capital gains than on dividend income.
Thus it is far from clear that the marginal investor in the stock market
prefers to receive income through capital gains rather than through
dividend payments. Our theoretical arguments in chapter 3 also indicated
that great care must be taken with arguments involving “marginal™
investors and pointed out that the diversification theory gives no pre-
sumption that dividends and capital gains will be valued differently. But
apart from these a priori arguments. our empirical results can be inter-
preted as providing another argument against the yield-tilted index fund.

If the traditional beta calculation (B,) does not provide a full descrip-
tion of systematic risk, the yield-tiited index fund may weli fail 10 mirror
the market index. Specificaily, during periods when inflation and interest
rates rise, it may well be the case that high-dividend stocks are particu-
larly vuinerabie: that is. they have high 8, and 3, coefficients. Public-dtil-
ity common stocks are a good example. While they are known as “low-
beta” stocks. they are likely to have high systematic risk with respect o
interest rates and inflation. This is so not only because they are good
substitutes for fixed-income securities, but aiso because public utilities
are vuinerabie to a profits squeeze during periods of rising inflation
because of regulatory lags and increased borrowing cosws. Hence the
yield-tilted index fund with B, = | may not mirror the market index
when inflation acceierates.

The actual experience of yieid-tilted index funds during the 1979-80
fleriod shows that these funds did not live up to expectations and their
performance was significantly worse than the market. Of course, we
should not reject 2 model simpiy because of its failure over any specific
short-term period. Nevertheiess, we believe that an understanding of the.
wider aspects of systemaric risk, such as those anaiyzed here, would have

12. For corporate invesrors. 85 percant of dividend income is exciuded {rom xabi
income winie cpetal guirs are taxed 3t normal gums e, )
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heiped pravent what turned out to be {(at least over the short term) some
SETI0uUS Invesiment erTors.

Qur findings on systematic risk still leave some major and intriguing

perplexities. We found in both versions of the valuation model that the
most important aspect of risk for valuation was that represented by the
extent 10 which forecasters were not in agreemeat about the future
growth of the company. Exactly what is the basis for this finding is not
clear.
It might be quite reasonable to interpret 52 as representing specific risk.
In that case, the findings go against mos: recent models of vatuation
inciuding both the CAPM and the APT. On the other hand, it may
indirectly measure sensitivity to underlying common factors and thus
3erve as 3 very effective proxy for a variety of systematic risks. Finally, it
may arise from technical difficulties having to do with undetacted biases
inourdaca. [tseems uniikely that this would fully account for the strength
we found for this variabie, but it cannot be ruied out. Further investiga-
tion probably requires a data set less beset by probiems of missing
observations and an adeguately specified modei of earnings. Overall, our
resuits do suggest that risk undoubtedly has dimensions not fully captured
by the covariances with marker indexes or other variabies that have
dominated receat work on valuation. They aiso suggest that the variance
of analysts’ forecasts may represent the most effective risk proxy avail-
abie.

4.6.3 Efficient Markets .

We find it encouraging that we were unable to use the expectitions
data 10 seiect securities with subsequent above- or below-average per-
formance characteristics. We would not expecr that analysts’ forecasts
would be sounder than those apparently used by the market or that they
would be irrelevant to market valuations, Apparently, the expecrations
formed by Wall Street professionais get quickly and thoroughiy im--
pounded into the prices of securities. Impiicitly, we have found that the
evaiuations of companies thar analysts make are the sorts of ones on
which market valuation is based. Thus. while our work raises questions
abeut some currently popular valuation thearies. it strongly supports the
view that the market is reasonabiy efficient in incorporating into present
prices whatever information thers is about the future.
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whereas investors regarded stocks as the best investment to protect
against the eroding value of money. As early as September 1958, Busi-
nessWeek noted that “the relationship between stock and bond yields
was clearly posting a warning signal, but investors still believe inflation
is inevitable and stocks are the only hedge against it.”*

Yet many on Wall Street were still puzzled by the “great yield re-
versal.” Nicholas Molodovsky, vice president of White, Weld & Co. and
editor of the Financial Analysts Journal, observed:

Some financial analysts called . . . [the reversal of bond and stock yields] a
financial revolution brought about by many complex causes. Others, on
the contrary, made no attempt to explain the unexplainable. They showed
readiness to accept it as a manifestation of providence in the financial uni-
verse.*

Imagine value-oriented investors who pulled all their money out
of the stock market in August of 1958 and put it into bonds, vowing
never to buy stocks again unless dividend yields rose above those on
high-quality bonds. Such investors would still be waiting to get back
into stocks. After 1958, stock dividend yields never again exceeded
those of bonds. Yet, from August 1958 onward, overall stock returns
overwhelmed the returns on fixed-income securities over any long-
term period.

Benchmarks for valuation are valid only as long as economic insti-
tutions do not change. The chronic postwar inflation, resulting from the
switch to a paper money standard, changed forever the way investors
judged the yields on stocks and bonds. Investors who clung to the old
ways of valuing equity never participated in the greatest bull market for
stocks in history.

VALUATION OF CASH FLOWS FROM STOCKS

The fundamental sources of stock valuation are the dividends and earn-
ings of firms. In contrast to a work of art—which can be bought both for
an investment and for its viewing pleasure—stocks have value only be-
cause of the potential cash flows that investors receive. These cash
flows can come from any distribution (such as dividends or capital
gains realized on sale) that stockholders expect to receive from their
share of ownership of the firm, and it is by forecasting and valuing

3”in the Markets,” BusinessWeek, September 13, 1958, p. 91.
*'The Many Aspects of Yields,” Financial Analysts Journal 18(2)(March-April 1962):49-62.

-
By
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these expected future cash flows that one can judge the investment
value of shares.”

The value of any asset is determined by the discounted value of all
expected future cash flows. Future cash flows from assets are discounted
because cash received in the future is not worth as much as cash received
in the present. The reasons for discounting are (1) the innate time prefer-
ences of most individuals to enjoy their consumption today rather than
wait for tomorrow, (2) productivity, which allows funds invested today to
yield a higher return tomorrow, and (3) inflation, which reduces the fu-
ture purchasing power of cash received in the future. These factors also
apply to both stocks and bonds and are the foundation of the theory of
interest rates. A fourth reason, which applies primarily to the cash flows
from equities, is the uncertainty associated with the magnitude of future
cash flows.

SOURCES OF SHAREHOLDER VALUE

For the equity holder, the source of future cash flows is the earnings of
firms. Earnings are the cash flows that remain after the costs of produc-
tion are subtracted from the sales revenues of the firm. The costs of pro-
duction include labor and material costs, interest on debt, corporate
taxes, and allowance for depreciation.

Earnings create value for shareholders by the:

m Payment of cash dividends

m Repurchase of shares

m Retirement of debt

= Investment in securities, capital projects, or other firms

If a firm repurchases its shares (known as buybacks), it reduces the num-
ber of shares outstanding and thus increases future per-share earnings. If
a firm retires its debt, it reduces its interest expense and therefore in-
creases the cash flow available to shareholders. Finally, earnings that are
not used for dividends, share repurchases, or debt retirement are re-
ferred to as retained earnings. Retained earnings may increase future cash
flows to shareholders if they are invested productively in securities, cap-
ital projects, or other firms.

®There might be some psychic value to holding a controlling interest above and beyond the returns
accrued. In such a case, the owner values the stock more than minority shareholders.
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Some people argue that shareholders most value stocks’ cash divi-
dends. But this is not necessarily true. In fact, from a tax standpoint,
share repurchases are superior to dividends. Cash dividends are taxed at
the highest marginal tax rate to the investor; share repurchases, how-
ever, generate capital gains that can be realized at the shareholder’s dis-
cretion and at a lower capital gains tax rate. Recently, there have been an
increasing number of firms who engage in share repurchases. As will be
discussed in the next chapter, the shift from dividends to share repur-
chases is one factor that has raised the valuation of some equities.

Others might argue that debt repayment lowers shareholder value
because the interest saved on the debt retired generally is less than the
rate of return earned on equity capital. They also might claim that by
retiring debt, they lose the ability to deduct the interest paid as an ex-
pense (the interest tax shield).®* However, debt entails a fixed commit-
ment that must be met in good or bad times and, as such, increases the
volatility of earnings that go to the shareholder. Reducing debt there-
fore lowers the volatility of future earnings and may not diminish
shareholder value.”

Many investors claim that the fourth factor, the reinvestment of
earnings, is the most important source of value, but this is not always the
case. If retained earnings are reinvested profitably, value surely will be
created. However, retained earnings may tempt managers to pursue
other goals, such as overbidding to acquire other firms or spending on
perquisites that do not increase the value to shareholders. Therefore, the
market often views the buildup of cash reserves and marketable securi-
ties with suspicion and frequently discounts their value.

If the fear of misusing retained earnings is particularly strong, it is
possible that the market will value the firm at less than the value of its
reserves. Great investors, such as Benjamin Graham, made some of their
most profitable trades by purchasing shares in such companies and then
convincing management (sometimes tactfully, sometimes with a threat
of takeover) to disgorge their liquid assets.®

*Whether debt is a valuable tax shield depends on whether interest rates are bid up enough to off-
set that shield. See Merton H. Miller, “Debt and Taxes,” Papers and Proceedings of the Thirty-Fifth
Annual Meeting of the American Finance Association, Atlantic City, NJ, September 16-18, 1977, The
Journal of Finance 32(2)(May, 1977):261-275.

"Meeting interest payments also may be a good discipline for management and reduce the tendency
to waste excess profits. See Michael Jensen, “The Takeover Controversy: Analysis and Evidence.” In
John Coffee, Louis Lowenstein, and Susan Rose-Ackerman (eds.), Takeovers and Contests for Corporate
Control New York: Oxford University Press, 1987).

®Benjamin Graham, The Memoirs of the Dean of Wall Street (New York: McGraw-Hill, 1946), Chap. 11.
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One might question why management would not employ assets in
a way to maximize shareholder value, since managers often hold a large
equity stake in the firm. The reason is that there may exist a conflict be-
tween the goal of the shareholders, which is solely to increase the return
on the company’s shares, and the goals of management, which may in-
clude prestige, control of markets, and other objectives. Economists rec-
ognize the conflict between the goals of managers and shareholders as
agency costs, and these costs are inherent in every corporate structure
where ownership is separated from management. Payment of cash divi-
dends or committed share repurchases often lowers management’s
temptation to pursue goals that do not maximize shareholder value.

In recent years dividend yields have fallen to 1} percent, less than
one-third of their historic average. The major reasons for this are the tax
disadvantage of dividends and the increase in employee stock options,
where capital gains and not dividends figure into option value. Never-
theless, dividends historically have served the function of showing in-
vestors that the firms’ earnings were indeed real. Recent concerns about
aggressive accounting policies and the integrity of earnings following
the Enron debacle may bring back this once-favored way of delivering
investor value.’

DOES THE VALUE OF STOCKS DEPEND ON DIVIDENDS OR EARNINGS?

Management determines its dividend policy—the fraction of earnings it
will pay out to shareholders—by evaluating many factors, including the
tax differences between dividend income and capital gains, the need to
generate internal funds to retire debt or invest, and the desire to keep
dividends relatively constant in the face of fluctuating earnings. Since
the price of a stock depends primarily on the present discounted value
of all expected future dividends, it appears that dividend policy is cru-
cial to determining the value of the stock.

However, this is not generally true. It does not matter how much is
paid as dividends and how much is reinvested as long as the firm earns
the same return on its retained earnings that shareholders demand on its
stock.” The reason for this is that dividends not paid today are rein-
vested by the firm and paid as even larger dividends in the future.

9]eremy ]. Siegel, “The Dividend Deficit,” Wall Street Journal, February 13, 2002, p. A20.
'This ignores differential taxation between capital gains and dividend income that favors reinvest-
ment. This is explored in Chapter 4.
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Of course, management’s choice of dividend payout ratio, which is
the ratio of cash dividends to total earnings, does influence the timing of
the dividend payments. The lower the dividend payout ratio, the
smaller the dividends will be in the near future. Over time, however,
dividends will rise and eventually will exceed the dividend path associ-
ated with a higher payout ratio. Moreover, assuming that the firm earns
the same return on investment as the investors require from its equity,
the present value of these dividend streams will be identical no matter
what payout ratio is chosen.

Note that the price of the stock is always equal to the present value
of all future dividends and not the present value of future earnings. Earn-
ings not paid to investors can have value only if they are paid as divi-
dends or other cash disbursements at a later date. Valuing stock as the
present discounted value of future earnings is manifestly wrong and
greatly overstates the value of a firm."

John Burr Williams, one of the greatest investment analysts of the
early part of last century and author of the classic The Theory of Invest-
ment Value, argued this point persuasively in 1938. He wrote:

Most people will object at once to the foregoing formula for valuing stocks
by saying that it should use the present worth of future earnings, not future
dividends. But should not earnings and dividends both give the same an-
swer under the implicit assumptions of our critics? If earnings not paid out
in dividends are all successfully reinvested at compound interest for the
benefit of the stockholder, as the critics imply, then these earnings should
produce dividends later; if not, then they are money lost. Earnings are only
a means to an end, and the means should not be mistaken for the end.’*

LONG-TERM EARNINGS GROWTH AND ECONOMIC GROWTH

Since stock prices are the present value of future dividends, it would
seem natural to assume that economic growth would be an important
factor influencing future dividends and hence stock prices. However,
this is not necessarily so. The determinants of stock prices are earnings
and dividends on a per-share basis. Although economic growth may in-
fluence aggregate earnings and dividends favorably, economic groih
does not necessarily increase the growth of per-share earnings or ¢
dends. It is earnings per share (EPS) that is important to Wall Stree!

"Firms that pay no dividends, such as Warren Buffett's Berkshire Hathaway, have value bzause
their assets, which earn cash returns, can be liquidated and disbursed to shareholders in the future.
John Burr Williams, The Theory of Investment Value (Cambridge, MA: Harvard University Press,
1938), p. 30.
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cause per-share data, not aggregate earnings or dividends, are the basis
of investor returns.

The reason that economic growth does not necessarily increase EPS
is because economic growth requires increased capital expenditures and
this capital does not come freely. Implementing and upgrading technol-
ogy requires substantial firm investment. These expenditures must be
funded either by borrowing in the debt market (through banks or trade
credit or by selling bonds) or by floating new shares. The added interest
costs and the dilution of profits that this funding involves place a burden
on the firm’s bottom line. ,

Can earnings increase without increasing capital expenditures? In
the short run, this may occur, but the long-run historical evidence sug-
gests that it will not. One of the signal characteristics of long-term his-
torical data is that the level of the capital stock—the total value of all
physical capital such as factories and equipment, as well as intellectual
capital, that has accumulated over time—has grown in proportion to the
level of aggregate output. In other words, a 10 percent increase in output
requires a 10 percent increase in the capital stock.

Many investors believe that investment in productivity-enhancing
technology can spur earnings growth to permanently higher levels.
However, “cost-saving investments,” frequently touted as a source of
increasing profit margins, only temporarily affect bottom-line earnings.
As long as these investments are available to other firms, competition
will force management to reduce product prices by the amount of the
cost savings, and extra profits will quickly be competed away. In fact,
capital expenditures often are undertaken not necessarily to enhance
profits but rather to preserve profits when other firms have adopted com-
petitive cost-saving measures.

Table 6-1 shows the summary statistics for dividends per share,
earnings per share (EPS), and stock returns from 1871 through Septem-

TABLE 6-1
Long-Term Growth of GDP, Earnings, and Dividends, 1871-2001

Real GDP | Real Per-Share | Real Per-Share Dividend Payout
Growth | Earnings Growth | Dividend Growth Yield* Ratio*
1871-2001 3.91% 1.25% 1.09% 4.54% 58.75%
1871-1945 4.51% 0.66% 0.74% 5.07% 66.78%
1946-2001 3.11% 2.05% 1.56% 3.53% 51.91%

* Denotes median.
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Abstract

We examine whether conflicts of interest with investment banking and brokerage
businesses induce sell-side analysts to issue optimistic stock recommendations
and, if so, whether investors are misled by such biases. Using quantitative
measures of potential conflicts constructed from a novel data set containing
revenue breakdowns of analyst employers, we find that recommendation levels
are indeed positively related to conflict magnitudes. The optimistic bias stem-
ming from investment banking conflicts was especially pronounced during the
late-1990s stock market bubble. However, evidence from the response of stock
prices and trading volumes to upgrades and downgrades suggests that the market
recognizes analysts’ conflicts and properly discounts analysts’ opinions. This
pattern persists even during the bubble period. Moreover, the 1-year stock
performance following revised recommendations is unrelated to the magnitude
of conflicts. Overall, our findings do not support the view that conflicted analysts
are able to systematically mislead investors with optimistic stock recommen-
dations.

1. Introduction

In April 2003, 10 of the largest Wall Street firms reached a landmark settlement
with state and federal securities regulators on the issue of conflicts of interest
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mendations via the Institutional Brokers Estimate System. Agrawal acknowledges financial support
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faced by stock analysts." The settlement requires the firms to pay a record $1.4
billion in compensation and penalties in response to government charges that
the firms issued optimistic stock research to win favor with potential investment
banking (IB) clients. Part of the settlement funds are earmarked for investor
education and for provision of research from independent firms. In addition to
requiring large monetary payments, the settlement mandates structural changes
in the firms’ research operations and requires the firms to disclose conflicts of
interest in analysts’ research reports.

The notion that investors are victims of biased stock research presumes that
(1) analysts respond to the conflicts by inflating their stock recommendations
and (2) investors take analysts’ recommendations at face value. Even if analysts
are biased, it is possible that investors understand the conflicts of interest inherent
in stock research and rationally discount analysts’ opinions. This alternative
viewpoint, if accurate, would lead to very different conclusions about the con-
sequences of analysts’ research. Indeed, investors’ rationality and self-interested
behavior imply that stock prices should accurately reflect a consensus about the
informational quality of public announcements (Grossman 1976; Grossman and
Stiglitz 1980). Rational investors would recognize and adjust for analysts’ po-
tential conflicts of interest and thereby largely avoid the adverse consequences
of biased stock recommendations.

In this article, we provide evidence on the extent to which analysts and in-
vestors respond to conflicts of interest in stock research. We address four ques-
tions. First, is the extent of optimism in stock recommendations related to the
magnitudes of analysts’ conflicts of interest? Second, to what extent do investors
discount the opinions of more conflicted analysts? In particular, do stock prices
and trading volumes react to recommendation revisions in a manner that ra-
tionally reflects the degree of analysts’ conflicts? Third, is the medium-term (that
is, 3- to 12-month) performance of recommendation revisions related to conflict
severity? And, finally, did conflicts of interest affect analysts or investors differ-
ently during the late-1990s stock bubble than during the postbubble period? The
answers to these questions are clearly of relevance to stock market participants,
public policy makers, regulators, and the academic profession.

We use a unique, hand-collected data set that contains the annual revenue
breakdown for 232 public and private analyst employers. This information allows
us to construct quantitative measures of the magnitude of potential conflicts not
only from IB business but also from brokerage business. We analyze a sample
of over 110,000 stock recommendations issued by over 4,000 analysts during
the 1994-2003 time period. Using univariate tests as well as cross-sectional
regressions that control for the size of the company followed and individual
analysts’ experience, resources, workloads, and reputations, we attempt to shed

! Two more securities firms (Deutsche Bank Securities Inc. and Thomas Weisel Partners LLC) were
added to the formal settlement in August 2004.
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light both on how analysts respond to pressures from IB and brokerage businesses
and on how investors compensate for the existence of such conflicts of interest.

A number of studies (for example, Dugar and Nathan 1995; Lin and McNichols
1998; Michaely and Womack 1999; Dechow, Hutton, and Sloan 2000; Bradley,
Jordan, and Ritter 2008) focus on conflicts faced by analysts in the context of
existing underwriting relationships (see also Malmendier and Shanthikumar
2007; Cliff 2007).* Our article complements this literature in several ways. First,
we take into account the pressure to generate underwriting business from both
current and potential client companies. Even if an analyst’s firm does not cur-
rently do IB business with a company that the analyst tracks, it might like to
do so in the future. Second, we examine the conflict between research and all
IB services (including advice on mergers, restructuring, and corporate control),
rather than just underwriting. Third, we examine conflicts arising from brokerage
business in addition to those from IB.?

Fourth, the prior empirical finding that underwriter analysts tend to be more
optimistic than other analysts is consistent with two alternative interpretations:
(a) an optimistic report on a company by an underwriter analyst is a reward
for past IB business or an attempt to win future IB business by currying favor
with the company or (b) a company chooses an underwriter whose analyst already
likes the stock. The second interpretation implies that underwriter choice is
endogenous and does not necessarily imply a conflict of interest. We sidestep
this issue of endogeneity by not focusing on underwriting relations between an
analyst’s firm and the company followed. Instead, our conflict measures focus
on the importance to the analyst’s firm of IB and brokerage businesses, as
measured by the percentage of its annual revenue derived from IB business and
from brokerage commissions. Unlike underwriting relations between an analyst’s
firm and the company followed, the proportions of the entire firm’s revenues
from each of these businesses can reasonably be viewed as given, exogenous
variables from the viewpoint of an individual analyst. Finally, our approach yields
substantially larger sample sizes than those used in prior research, and it therefore
leads to greater statistical reliability of the results.

Several articles adopt an approach that is similar in spirit to ours. For example,
Barber, Lehavy, and Trueman (2007) find that recommendation upgrades (down-
grades) by investment banks—which typically also have brokerage businesses—

* Bolton, Freixas, and Shapiro (2007) theoretically analyze a different type of conflict of interest
in financial intermediation, one faced by a financial advisor whose firm also produces financial
products (such as in-house mutual funds). Mehran and Stulz (2007) provide an excellent review of
the literature on conflicts of interest in financial institutions.

* Hayes (1998) analyzes how pressure on analysts to generate brokerage commissions affects the
availability and accuracy of earnings forecasts. Both Irvine (2004) and Jackson (2005) find that
analysts” optimism increases a brokerage firm’s share of the trading volume. Ljungqvist et al. (2007)
find that analysts employed by larger brokerage houses issue more optimistic recommendations and
more accurate earnings forecasts. However, none of these articles examines how investors’ responses
to analysts’ recommendations and the investment performance of recommendations vary with the
severity of brokerage conflicts, issues that we investigate here.
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underperform (outperform) similar recommendations by non-IB brokerages and
independent research firms. Cowen, Groysberg, and Healy (2006) find that full-
service securities firms—which have both IB and brokerage businesses—issue
less optimistic forecasts and recommendations than do non-IB brokerage houses.
Finally, Jacob, Rock, and Weber (2008) find that short-term earnings forecasts
made by investment banks are more accurate and less optimistic than those
made by independent research firms. We extend this line of research by quan-
tifying the reliance of a securities firm on IB and brokerage businesses. This is
an important feature of our article for at least two reasons. First, given that
many securities firms operate in multiple lines of business, it is difficult to classify
them by business lines. By separately measuring the magnitudes of both IB and
brokerage conflicts in each firm, our approach avoids the need to rely on a
classification scheme. Second, since the focus of this research is on the conse-
quences of analysts’ conflicts, the measurement of those conflicts is important.
Our conclusions sometimes differ from those in classification-based studies.

We find that analysts do indeed seem to respond to pressures from IB and
brokerage businesses: larger potential conflicts of interest from these businesses
are associated with more positive stock recommendations. We also document
that the distortive effects of IB conflicts were larger during the late-1990s stock
bubble than during the postbubble period. Nonetheless, the empirical analysis
yields several pieces of evidence to suggest that investors are sophisticated enough
to adjust for these biases. First, the short-term reactions of both stock prices
and trading volumes to recommendation upgrades are negatively and statistically
significantly related to the magnitudes of potential IB or brokerage conflicts. For
downgrades, the corresponding relation is negative for stock prices but positive
for trading volumes. Second, the 1-year investment performance after recom-
mendation revisions bears no systematic relation to the magnitude of conflicts.
Finally, investors continued to discount conflicted analysts’ opinions during the
bubble period, even amid the euphoria prevailing in the market at the time.
Together these results strongly support the idea that the marginal investor, taking
analysts’ conflicts into account, rationally discounts optimistic stock recom-
mendations.*

The remainder of the article is organized as follows. We discuss the issues in
Section 2 and describe our sample and data in Section 3. Section 4 examines
the relation between recommendation levels and the degree of IB or brokerage
conflict faced by analysts. Section 5 analyzes how conflicts are related to the
response of stock prices or trading volumes to recommendation revisions. Section

*In a companion paper (Agrawal and Chen 2005), we find that analysts appear to respond to
conflicts when making long-term earnings growth projections but not short-term earnings forecasts.
This finding is consistent with the idea that, with short-term forecasts, analysts worry about their
deception being revealed with the next quarterly earnings release, but they have greater leeway with
long-term forecasts. We also find that the frequency of forecast revisions is positively related to the
magnitude of brokerage conflicts, and several tests suggest that analysts’ trade generation incentives
impair the quality of stock research.
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6 investigates the relation between conflicts and the investment performance of
recommendation revisions. Section 7 presents our results for the late-1990s stock
bubble and postbubble periods, and Section 8 concludes.

2. Issues and Hypotheses

Investment banking activity is a potential source of analyst conflict that has
received widespread attention in the financial media (for example, Gasparino
2002; Maremont and Bray 2004) as well as the academic literature (for example,
Lin and McNichols 1998; Michaely and Womack 1999). When IB business is an
important source of revenue for a securities firm, a stock analyst employed by
the firm often faces pressure to inflate his or her recommendations. This pressure
is due to the fact that the firm would like to sell IB services to a company that
the analyst tracks.” The company, in turn, would like the analyst to support its
stock with a favorable opinion. Thus, we expect that the more critical is IB
revenue to an analyst’s employer, the greater the incentives an analyst faces to
issue optimistic recommendations.®

Analysts also face a potential conflict with their employers’ brokerage busi-
nesses. Here, the pressure on analysts originates not from the companies that
they follow but from within their employing firms. Brokerage business generates
a large portion of most securities firms’ revenues, and analyst compensation
schemes are typically related explicitly or implicitly to trading commissions. Thus,
analysts have incentives to increase trading volumes in both directions (that is,
buys and sells). Given the many institutional constraints that make short sales
relatively costly, many more investors participate in stock purchases than in stock
sales.” Indeed, it is mostly existing shareholders of a stock who sell. This asym-
metry between purchases and sales implies that the more important brokerage
business is to an analyst’s employer, the more pressure the analyst faces to be
bullish when issuing recommendations.

Analysts who respond to the conflicts they face by issuing blatantly misleading
stock recommendations can develop bad reputations that reduce their labor
income and hurt their careers.® Stock recommendations, however, are not as
easily evaluated as other outputs of analysts’ research, such as 12-month price
targets or quarterly earnings forecasts, which can be judged against public, near-

*> Throughout this article, we refer to an analyst’s employer as a “firm” and a company followed
by an analyst as a “company.”

® Ljungqvist, Marston, and Wilhelm (2006, forthcoming) find that, while optimistic recommen-
dations do not help the analyst’s firm win the lead underwriter or comanager positions in general,
they help the firm win the comanager position in deals in which the lead underwriter is a commercial
bank.

7 Numerous regulations in the United States increase the cost of selling shares short (see, for
example, Dechow et al. 2001). Therefore, the vast majority of stock sales are regular sales rather than
short sales. For example, over the 1994-2001 period, short sales comprised only about 10 percent
of the annual New York Stock Exchange trading volume (New York Stock Exchange 2002).

® See Jackson (2005) for a theoretical model showing that analysts’ concerns about their reputations
can reduce optimistic biases arising from brokerage business.
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term realizations. So it is not clear whether analysts’ career concerns can com-
pletely prevent them from responding to pressures to generate IB or brokerage
business.

The relation between conflict severity and the short-term (2- or 3-day) stock
price impact of a recommendation should depend on whether investors react
to the opinion rationally or naively.” Under the rational discounting hypothesis,
the relation should be asymmetric for upgrades and downgrades. For upgrades,
the stock price response should be negatively related to the degree of conflict.
This implication arises because analysts who face greater pressure from IB or
brokerage business are likely to be more bullish in their recommendations, and
rational investors should discount an analyst’s optimism more heavily. For down-
grades, however, the story is different. When an analyst downgrades a stock
despite facing large conflicts, rational investors should find the negative opinion
more convincing and should be more likely to revalue the stock accordingly.
This implies that the short-term stock price response to a downgrade should be
negatively related to the degree of conflict.

The rational discounting hypothesis also predicts cross-sectional relations be-
tween conflict severity and the short-term trading volume responses to rec-
ommendations. As Kim and Verrecchia (1991) demonstrate in a rational ex-
pectations model of trading, the more precise a piece of news, the more
individuals will revise their prior beliefs and, hence, the more trading that will
result. In the present context, investor rationality implies that an upgrade by a
highly conflicted analyst represents less precise news to investors, and so such
a revision should be followed by a relatively small abnormal volume. But when
an analyst downgrades a stock despite a substantial conflict, the signal is regarded
as being more precise, and thus the downgrade should lead to relatively large
abnormal trading.

By contrast, under the naive investor hypothesis, investors are largely ignorant
of the distortive pressures that analysts face and accept analysts’ recommenda-
tions at face value. This implies that there should be no relation between conflict
severity and the short-term response of either stock prices or trading volume to
recommendation revisions. Furthermore, the absence of a systematic relation
should hold true for both upgrades and downgrades.

What are the implications of the two hypotheses for the medium-term (3- to
12-month) investment performance of analysts’ recommendations? Under the
rational discounting hypothesis, there should be no systematic relation between
the magnitude of conflicts faced by an analyst and the performance of his or
her stock recommendations: the market correctly anticipates the potential dis-
tortions up front and accordingly adjusts its response. But the naive investor
hypothesis predicts that performance should be negatively related to conflict

° This framework follows Kroszner and Rajan (1994) and Gompers and Lerner (1999), who analyze
the conflicts that a bank faces in underwriting securities of a company when the bank owns a (debt
or equity) stake in it.
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severity for both upgrades and downgrades. That is, investors ignore analysts’
conflicts up front and pay for their ignorance later.

3. Sample and Data

3.1. Sample

Our sample of stock recommendations comes from the Institutional Brokers
Estimate System (I/B/E/S) U.S. Detail Recommendations History file. This file
contains data on newly issued recommendations as well as revisions and reit-
erations of existing recommendations made by individual analysts over the period
1993-2003. Although the exact wording of recommendations can vary consid-
erably across brokerage houses, I/B/E/S classifies all recommendations into five
categories ranging from strong buy to strong sell. We rely on the I/B/E/S clas-
sification and encode recommendations on a numerical scale from 5 (strong
buy) to 1 (strong sell).

Since we are primarily interested in examining how the nature and conse-
quences of analysts’ recommendations are related to IB or brokerage business,
we require measures of the importance of these business lines to analysts’ em-
ployers. Under U.S. law, all registered broker-dealer firms must file audited
annual financial statements with the Securities and Exchange Commission (SEC)
in x-17a-5 filings." These filings contain information on broker-dealer firms’
principal sources of revenue, broken down into revenue from IB, brokerage
commissions, and all other businesses (such as asset management and proprietary
trading). We use these filings to obtain various financial data, including data on
our key explanatory variables: the fractions of total brokerage house revenues
from IB and from brokerage commissions. Beginning with the names of analyst
employers contained in the I/B/E/S Broker Translation file," we search for all
available revenue information in x-17a-5 filings from 1994 to 2003." For publicly
traded broker-dealer firms, we also use 10-K annual report filings over the sample
period to gather information on revenue breakdowns, if necessary. We thus obtain
annual data from 1994 to 2003 on IB revenue, brokerage revenue, and other
revenue for 188 privately held and 44 publicly traded brokerage houses."” For
each brokerage house, we match recommendations to the latest broker-year
revenue data preceding the recommendation date. Over the sample period, we

' The Securities Exchange Act, sections 17(a)-17(e), requires these filings. We accessed them from
Thomson Financial’s Global Access database and the Securities and Exchange Commission’s (SEC’s)
public reading room in Washington, D.C.

" We use the file supplied directly by the Institutional Brokers Estimate System (I/B/E/S) on CD-
ROM. This file does not recode the name of an acquired brokerage firm to that of its acquirer for
years before the merger.

"> The electronic availability of x-17a-5 filings is very limited prior to 1994, the year the SEC first
mandated electronic form filing. Hence, we do not search for revenue information prior to 1994.

" We exclude a small number of firm-years in which the total revenue is negative (for example,
because of losses from proprietary trading).
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are able to match in this fashion 110,493 I/B/E/S recommendations issued by
4,089 analysts.

All broker-dealer firms are required to publicly disclose their balance sheets
as part of their x-17a-5 filings. But a private broker-dealer firm can withhold
the public disclosure of its income statement, which contains the revenue break-
down information needed for this study, if the SEC deems that such disclosure
would harm the firm’s competitive position. Thus, our sample of private se-
curities firms is limited to broker-dealers that disclose their revenue breakdowns
in x-17a-5 filings. We examine whether this selection bias affects our main results
by separately analyzing the subsample of publicly traded securities firms, for
which public disclosure of annual revenue information is mandatory. Our find-
ings do not appear to be affected by this selection bias. All of our results for
the subsample of publicly traded securities firms are qualitatively similar to the
results for the full sample reported in the article. In the Appendix, we describe
the characteristics of disclosing and nondisclosing private securities firms, shed
some light on the firms’ income statement disclosure decisions, and use a se-
lectivity-corrected probit model to examine whether the resulting selection bias
can explain analysts’ response to conflicts in these private firms. We find no
evidence that selection bias affects our results for these firms.

3.2. Characteristics of Analysts, Their Employers, and Companies Followed

We next measure characteristics of analysts, their employers, and the com-
panies they cover. Prior research (for example, Clement 1999; Jacob, Lys, and
Neale 1999) finds that analysts’ experience and workloads affect the accuracy
and credibility of their research. Using the I/B/E/S Detail History files, we measure
an analyst’s experience and workloads in terms of all research activity reported
in I/B/E/S, including stock recommendations, quarterly and annual earnings-
per-share forecasts, and long-term earnings growth forecasts. We measure general
research experience as the number of days since an analyst first issued research
on any company in the I/B/E/S database and company-specific research expe-
rience as the number of days since an analyst first issued research on a particular
company. We measure an analyst’s workload as the number of different com-
panies or the number of different four-digit I/B/E/S sector industry groups
(S/1/Gs)' for which the analyst issued research in a given calendar year.

The amount of resources devoted to investment research within brokerage
houses also affects the quality of analysts’ research (Clement 1999). Larger houses
have access to better technology, information, and support staff. Accordingly,
we use three measures of brokerage house size: the number of analysts issuing
stock recommendations for a brokerage house over the course of a calendar year,
book value of total assets, and net sales. All of our subsequent results are qual-

' The I/B/E/S sector industry group numbers are six-digit codes that provide information on the
industry sectors and subsectors for companies in the I/B/E/S database. We use the first four digits,
which correspond to broad industry groupings.
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Table 1
Revenue Sources (%) of Analysts’ Employers
Investment Brokerage
Banking Commission
Sample
Recommendation Level Mean Median Mean Median Size
5 (Strong buy) 13.94 11.81 29.87 24.09 28,901
4 (Buy) 13.81 11.21 26.68 17.22 37,478
3 (Hold) 12.68 11.13 28.44 24.07 37,883
2 (Sell) 11.61 10.55 23.13 16.12 4,875
1 (Strong sell) 16.27 14.90 33.44 24.95 1,356
p-Value (4 and 5) versus (1 and 2) .0000 .0000 .0000 .0023

Note. Shown are the percentages of analyst employer revenues from investment banking and brokerage
commissions, by recommendation level. Data are for 110,493 stock recommendations and are drawn from
the Institutional Brokers Estimate System U.S. Detail Recommendations History file for 1994-2003.

itatively similar under each of the three size measures. To save space, we report
results only of tests based on the first size measure.

To capture the degree to which investors believe that individual analysts have
skill in providing timely and accurate research, we use two measures of analysts’
reputation. The first is based on Institutional Investor (II) magazine’s All-America
Research Team designation. Each year around October 15, II mails an issue to
subscribers that lists the names of analysts who receive the most votes in a poll
of institutional money managers. About 300—400 analysts are identified. We
construct a variable that indicates, for each recommendation revision, whether
the recommending analyst was named to the first, second, third, or honorable
mention team in the latest annual survey. As a complementary, objective measure
of analysts’ reputation, we use a variable based on the Wall Street Journal’s (WSJ's)
annual All-Star Analysts Survey. The WSJ All-Star Analysts are determined by
an explicit set of criteria relating to past stock-picking performance and fore-
casting accuracy.”” The survey covers about 50 industries annually and names
the top five stock pickers and top five earnings forecasters in each industry.'

Tables 1 and 2 report summary data on the characteristics of our sample. In
Table 1, both the mean and the median percentages of analyst employer revenues
derived from IB decline monotonically over the first four recommendation levels,
but these values are the highest for strong sell recommendations. Similarly, it is
the brokerage firms issuing strong sell recommendations that generally derive

'> We recognize that the performance metrics used in the Wall Street Journal (WSJ) All-Star Analysts
Survey are public information and can, in principle, be replicated by investors. However, to the
extent that computing and evaluating analysts’ performance is a costly activity, being named an All-
Star Analyst can still affect an analyst’s reputation and credibility.

' Since the I/B/E/S Broker Translation File provides only analysts’ last names and first initials, in
some instances it is not possible to ascertain from the I/B/E/S data alone whether an analyst in our
sample was named to the Institutional Investor (II) or WS] team. For these cases, we determine team
membership of analysts from NASD BrokerCheck, an online database (http://www.nasd.com, accessed
October 2004) that provides the full names of registered securities professionals as well as their
employment and registration histories for the past 10 years. The database also keeps track of analysts’
name changes (such as those resulting from marriage).
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Table 2

Characteristics of Analysts, Firms, and Companies Followed

Sample

Characteristic Mean Median SD Size
Investment banking revenue (%) 13.60 11.25 11.93 94,892
Brokerage commission revenue (%) 28.74 24.07 24.75 94,892
Analyst’s company-specific experience (years) 2.42 1.20 3.29 85,531
Analyst’s general experience (years) 6.41 4.90 5.32 85,531
Analysts employed by a firm 86.34 60 79.73 94,618
Companies followed by an analyst 17.24 15 12.93 84,016
Four-digit I/B/E/S S/1/Gs followed by an

analyst 3.05 3 1.90 84,014
Institutional Investor All-America stock picker .005 0 .07 85,531
Institutional Investor All-America Research

Team member .035 0 .18 85,531
Wall Street Journal All-Star stock picker .018 0 13 85,531
Wall Street Journal All-Star Analyst .136 0 .34 85,531
Market capitalization ($ millions) 8,804.46 1,367.22 27,758.81 81,333
Analyst following 9.14 7 6.88 92,869

Note. Data are for 94,892 recommendation revisions and are drawn from the Institutional Brokers Estimate
System (I/B/E/S) U.S. Detail Recommendations History file for 1994-2003. Recommendation revisions
include recommendation changes as well as initiations, resumptions, and discontinuations of coverage.
Analysts’ experience is measured from all analyst research activity reported in I/B/E/S, including earnings-
per-share forecasts, long-term earnings growth forecasts, and stock recommendations. An analyst is con-
sidered to be a top stock picker or team member if he or she appeared in the relevant portion of the most
recent analyst survey by Institutional Investor or the Wall Street Journal at the time of a reccommendation
revision. Market capitalization is measured 12 months before the end of the current month, and analyst
following is measured on the basis of stock recommendation coverage. Market capitalization values are
inflation adjusted (with Consumer Price Index numbers and with 2003 as the base year). S/I/G = sector
industry group.

the highest percentage of their total revenues from brokerage commissions. No-
tably, in each of the five categories, the mean percentage of revenue from com-
missions is about twice as large as the mean percentage of revenue from IB. This
fact underscores the importance of trading commissions as a source of revenue
for many securities firms. The last column shows that about 95 percent of the
recommendations in the sample are at levels 5 (strong buy), 4 (buy), or 3 (hold).
Levels 1 (strong sell) and 2 (sell) represent only about 1 percent and 4 percent
of all reccommendations, respectively.

The data in Table 2 provide a flavor of our sample of analysts and their
employers. As noted by Hong, Kubik, and Solomon (2000), careers as analysts
tend to be relatively short. The median recommendation is made by an analyst
with under 5 years of experience, of which just over a year was spent following
a given stock. Stock analysts tend to be highly specialized, following a handful
of companies in a few industries. The median recommendation is made by an
analyst following 15 companies in three industries who works for a securities
firm employing 60 analysts. Being named as an All-America Research Team
member by II is a rare honor, received by under 5 percent of all analysts in our
sample. Finally, the typical company followed is large, with mean (median)
market capitalization of about $8.8 billion ($1.4 billion) in inflation-adjusted
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2003 dollars. Over the time span of a year, a company is tracked by a mean
(median) of 9.1 (7) analysts.

4. Conflicts and the Levels of Analyst Recommendations
Net of the Consensus

In this section, we examine whether the level of an analyst’s stock recom-
mendation net of the consensus (that is, median) recommendation level is related
to the conflicts that he or she faces. We start by ascertaining the level of the
outstanding recommendation on each stock by each analyst following it at the
end of each quarter (March, June, September, December) from 1995 through
2003. An analyst’s recommendation on a stock is included only if it is newly
issued, reiterated, or revised in the preceding 12 months.

We estimate a regression explaining individual analysts’ net stock recommen-
dation levels at the end of a quarter (which is the recommendation level minus
the median recommendation level across all analysts following a stock during
the quarter).”” The regression pools observations across analysts, stocks, and
quarters and includes our two main explanatory variables: the percentage of an
analyst employer’s total revenues from IB and the percentage from brokerage
commissions. Following Jegadeesh et al. (2004) and Kadan et al. (forthcoming),
who find that momentum is an important determinant of analysts’ recommen-
dations, we control for the prior 6-month stock return.

The regression also controls for other factors that can affect the degree of
analysts’ optimism, such as the size of the company followed and the resources,
reputation, experience, and workload of an analyst. As a measure of the resources
available to an analyst, a dummy variable is used for a large brokerage house,
and it equals one if the firm ranks in the top quartile of all houses in terms of
the number of analysts employed during the year. The size of the company
followed is measured by the natural logarithm of its market capitalization, mea-
sured 12 months before the end of the month. We measure an analyst’s reputation
by dummy variables that equal one if the recommending analyst was named in
the most recent year as an All-America Research Team member by II or as an
All-Star Analyst by the WSJ. An analyst’s company-specific research experience
is measured by the natural logarithm of one plus the number of days an analyst
has been producing research (including earnings-per-share forecasts, long-term
growth forecasts, or stock recommendations) on the company. We measure an
analyst’s workload by the natural logarithm of one plus the number of companies
for which he or she produces forecasts or recommendations in the current year.

Finally, we control for industry and time period effects by adding dummy
variables for I/B/E/S two-digit S/I/G industries and for each calendar quarter
(March 1995, June 1995, and so forth). Since net recommendation levels can

' To ensure meaningful variation in the dependent variable, we omit stocks followed by only one
analyst in a quarter.
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Table 3

Ordered Probit Analysis of Recommendation Levels Net of the Consensus

Explanatory Variable Coefficient z-Statistic
Investment banking revenue (%) 4167 17.35
Brokerage commission revenue (%) .0363 3.00
Prior 6-month stock return —.0068 —2.89
Large brokerage house dummy —.0639 —8.60
Company size .0038 2.89
Institutional Investor All-America Research Team dummy .0032 .15
Wall Street Journal All-Star Analyst dummy —.0196 —2.23
Company-specific research experience .0012 1.42
Number of companies followed .0070 4.64

Note. The results are from ordered probit regressions explaining individual analysts’ stock reccommendation
levels net of the consensus (that is, median) recommendation level at the end of each quarter (March,
June, September, December) for 1995-2003. Observations are excluded if the analyst issued no new or
revised recommendation in the preceding 12 months. The regression includes observations pooled across
analysts, stocks, and quarters. Data on recommendations are drawn from the Institutional Brokers Estimate
System (I/B/E/S) U.S. Detail Recommendations History file for 1994-2003. Investment banking or brokerage
commission revenue refer to the percentage of the brokerage firm’s total revenues derived from investment
banking or brokerage commissions. The large brokerage house dummy is an indicator variable that equals
one if a brokerage house is in the top quartile of all houses, based on the number of analysts issuing stock
recommendations listed in I/B/E/S in a given calendar year. Company size is the natural logarithm of the
market capitalization of the company followed, measured 12 months prior to the end of the current month.
The Institutional Investor All-America Research Team and Wall Street Journal All-Star Analyst dummies are
indicator variables that equal one if the recommending analyst was listed as an All-America Research Team
member or All-Star Analyst in the most recent analyst ranking. Company-specific research experience is
the natural log of one plus the number of days that an analyst has been issuing I/B/E/S research on a
company. Number of companies followed equals the natural log of one plus the number of companies
followed by an analyst in the current calendar year. The regression includes dummy variables for two-digit
I/B/E/S sector industry group industries and for calendar quarters. Test statistics are based on a robust
variance estimator. The number of observations is 213,011; the p-value of the x” test is <.0001.

take ordered values from —4 (strongly pessimistic) to 4 (strongly optimistic) in
increments of .5, we estimate the regression as an ordered probit model.'"® The
Z-statistics are based on a robust (Huber-White sandwich) variance estimator.

Table 3 shows the regression estimate. The coefficients of IB revenue percentage
and commission revenue percentage are both positive. This finding implies that
greater conflicts with IB and brokerage businesses lead an analyst to issue a
higher recommendation on a stock relative to the consensus. Stocks followed
by busier analysts and stocks of larger companies receive higher recommenda-
tions relative to the consensus. Stocks that experience a price run-up over the
prior 6 months, stocks followed by analysts at large brokerage houses, and stocks
followed by WSJ All-Star Analysts all receive lower recommendations relative to
the consensus. All of these relations are highly statistically significant.

To provide a sense of the magnitude of the main effects of interest, we show
in Table 4 the derivatives of the probability of each net recommendation level

'® Notice that recommendation levels can take integer values from 1 to 5, and the median rec-
ommendation can take values from 1 to 5 in increments of .5. See Greene (2003) for a detailed
exposition of the ordered probit model.
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with respect to IB revenue and commission revenue percentages.” Thus, for
example, a 1-standard-deviation increase in IB revenue percentage increases the
probability of an optimistic recommendation (that is, a net recommendation
level greater than zero) by .1193 x (.0325 +.0671 + . . . +.0003) = .0151.
Compared to the unconditional probability of an optimistic recommendation
by an analyst, this represents an increase of about 5.9 percent (.0151/.2575). The
effect of a change in commission revenue percentage is much smaller. A 1-
standard-deviation increase in commission revenue percentage increases the
probability of an optimistic recommendation by .2475 x .01105 = .0027, or
about 1 percent (.0027/.2575) of the unconditional probability. Thus, despite
possible concerns about a loss of reputation, analysts seem to respond to conflicts
of interest, particularly those stemming from IB.

5. Conflicts and Investor Response to Recommendation Revisions

5.1 Stock Price Response

This section examines whether an analyst’s credibility with investors is related
to the degree of conflict faced. We interpret the reaction of stock prices to a
recommendation revision as an indication of an analyst’s credibility. Our analysis
focuses on revisions in recommendation levels, rather than on recommendation
levels per se, because revisions are discrete events that are likely to be salient for
investors, and previous research finds that revisions have significant information
content (see, for example, Womack 1996; Jegadeesh et al. 2004). To capture the
effects of the most commonly observed and economically important types of
revisions, we structure our tests around four basic categories: added to strong
buy, added to buy or strong buy, dropped from strong buy, and dropped from
buy or strong buy.”” These four categories are defined to include initiations,
resumptions, and discontinuations of coverage because such events also reflect
analysts’ positive or negative views about a company.”' Thus, for example, we
consider a stock to be added to strong buy under two scenarios: (a) the rec-
ommendation level is raised to strong buy from a lower level or (b) coverage is

" Notice that, for each explanatory variable, these derivatives sum to zero across all the net
recommendation levels.

* Our analysis focuses on these four types of revisions instead of the other four (added to strong
sell, and so forth) because, as shown in Table 1, sell and strong sell reccommendations are quite rare.
But note that dropped-from-buy and dropped-from-buy-or-strong-buy revisions can entail move-
ment to the sell or strong sell category.

! We use the I/B/E/S Stopped Recommendations file to determine instances in which a brokerage
firm discontinued coverage of a company. This file contains numerous cases in which an analyst
stops coverage of a stock only to issue a new recommendation a month or two later. Conversations
with I/B/E/S representatives indicate that such events likely represent pauses in coverage due to
company quiet periods or analysts’ reassignments within a brokerage house. We define a stopped
coverage event to be a true stoppage only if the analyst does not issue a recommendation on the
stock over the subsequent 6 months.
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initiated or resumed at the level of strong buy.” Defining revisions in this fashion
yields a sample of 94,892 recommendation revisions made over the 1994-2003
period.

5.1.1. Average Response

We compute the abnormal return on an upgraded or downgraded stock over
day ¢ as the return (including dividends) on the stock minus the return on the
Center for Research in Security Prices equal-weighted market portfolio of New
York Stock Exchange (NYSE), American Stock Exchange, and NASDAQ stocks.
The cumulative abnormal return (CAR) on the stock over days #, to ¢, relative
to the revision date (day 0) is measured as the sum of the abnormal returns
over those days. Table 5 shows mean and median CARs for three windows: days
—1to 0, —1 to 1, and —5 to 5. The t-statistics for the difference of the mean
abnormal returns from zero are computed as in Brown and Warner (1985) and
are shown in parentheses. The p-values for the Wilcoxon test are reported in
parentheses with the medians.

It is clear from Table 5 that recommendation revisions have large effects on
stock prices. For example, when a stock is added to the strong-buy list, it ex-
periences a mean abnormal return of about 2 percent over the 2-day revision
period. Downgrades have even larger effects on stock prices than do upgrades.
Strikingly, the 2-day mean abnormal return around the dropped-from-strong-
buy list is —4 percent. Median values are consistently smaller in magnitude than
are means, and this finding indicates that some revisions lead to price reactions
of a very large magnitude. Mean and median 2-day abnormal returns are sta-
tistically different from zero for all four groups of forecast revisions. The mag-
nitudes of abnormal returns are somewhat larger over the 3-day and 11-day
windows than over the 2-day window. Overall, these returns are consistent with
those found by prior research that examines the average stock price impact of
recommendation revisions (for example, Womack 1996; Jegadeesh et al. 2004).

5.1.2. Cross-Sectional Analysis

Table 6 contains cross-sectional regressions of stock price reactions to rec-
ommendation revisions over days —1 to 1. The main explanatory variables of
interest in these regressions are our revenue-based measures of the magnitudes
of IB and brokerage conflicts. We include controls for the size of an analyst’s
employer, the size of the company followed, and measures of an analyst’s rep-
utation, experience, and workload.”> We estimate a separate regression for each

> Note that the definitions of our four recommendation revision groups imply that stocks can be
added to a group more than once on a given day. Nonetheless, excluding days on which a stock
experiences multiple revisions does not change any of our qualitative results.

» Prior research finds that analysts who have more experience, carry lower workloads, or are
employed by larger firms tend to generate more precise research (see, for example, Clement 1999;
Jacob, Lys, and Neale 1999; Mikhail, Walther, and Willis 1997). In addition, more reputed analysts
tend to generate timelier and more accurate research (see, for example, Stickel 1992; Hong and
Kubik 2003). We expect such analysts to be more influential with investors.
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of the four groups of recommendation revisions. The t-statistics based on a
robust variance estimator are reported in parentheses.

The coefficient on IB revenue percentage is statistically significantly negative
for both upgrades and downgrades. The coefficient on brokerage commission
revenue percentage is also negative in all four regressions; it is statistically sig-
nificant in all cases, except for the dropped-from-strong-buy revisions.** Col-
lectively, these results favor the rational discounting hypothesis over the naive
investor hypothesis. The magnitudes of these effects are nontrivial. For instance,
a 1-standard-deviation increase in IB revenue percentage leads to a change of
about —.31 (—.42) percentage points in the 3-day abnormal return around the
move to (from) a strong buy recommendation. Similarly, a 1-standard-deviation
increase in brokerage commission revenue percentage leads to a change of about
—.37 (—.22) percentage points in the corresponding abnormal return around
the move to (from) a buy or strong buy recommendation.”

The results for control variables are also noteworthy. The dummy variable for
a large analyst employer is positively (negatively) related to the market reaction
to upgrades (downgrades). This finding is consistent with the idea that revisions
by analysts employed at larger brokerage houses (which tend to be more rep-
utable) have more credibility with investors. The size of the company followed
is negatively (positively) related to the market reaction to upgrades (downgrades),
which is consistent with the notion that, for larger companies, an analyst’s
recommendation competes with more alternative sources of information and
advice.

Revisions by II All-America Research Team analysts are positively (negatively)
related to the stock price reaction to upgrades (downgrades), which suggests that
they wield more influence with investors. This is a notable finding; we are
unaware of previous work documenting a relation between an analyst’s repu-
tation and the stock price reaction to both upgrades and downgrades. As the
coefficient on the WSJ All-Star Analyst dummy indicates, however, being des-
ignated as a WSJ All-Star Analyst does not seem to enhance the credibility of
an analyst’s recommendations.”® The absence of an effect here is somewhat

**These and all subsequent regression results in this article are qualitatively similar when we
winsorize the dependent variable at the first and ninety-ninth percentiles of its distribution.

* For each group of revisions (such as added to strong buy), we also estimate the regression after
excluding similar revision events that a stock experiences within 3 days of a given revision event.
These results are qualitatively similar to those reported in Tables 6 and 8. We also examine the
possibility that investors perceived the conflicts to be more severe, and hence discounted them more,
in securities firms that were charged by regulators (that is, the 10 firms that were part of the global
analyst settlement) than in other firms. We do this by interacting both investment banking (IB)
revenue percentage and brokerage commission revenue percentage variables in the regression with
binary (0, 1) dummy variables for securities firms that are part of the global analyst settlement and
firms that are not. We find no significant differences between the two groups of firms in their
coefficients on IB revenue percentage and commission revenue percentage.

*® Although IT All-America Research Team and WSJ All-Star Analyst dummies both measure aspects
of an analyst’s reputation, they are not highly correlated. The correlation coefficient is .14 across all
upgrades and .13 across all downgrades.
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surprising given that the WSJ has a much broader readership base than that of
II. One explanation is that II analyst rankings are based on an opinion poll of
money managers, who control substantial assets and therefore directly affect
stock prices, while WSJ rankings are based on strictly quantitative measures of
analysts’ past stock-picking or forecasting performance.

The market reaction to upgrades is positively related to an analyst’s company-
specific research experience. This finding suggests that more experienced analysts
tend to be more influential with investors. But the reaction to downgrades is
also positively related to analysts’” experience. Finally, the stock price reaction to
upgrades is negatively related to analysts’ workload. This finding suggests that
busier analysts’ opinions tend to get discounted by the market. All of these
relations are statistically significant.

5.2. Response of Trading Volume

In this section, we measure analysts’ credibility via changes in the volume of
trade around recommendation revisions.”” Revisions of analysts’ recommenda-
tions can affect trading volumes by inducing investors to rebalance their port-
folios to reflect updated beliefs.

5.2.1. Average Response

We compute the abnormal volume for a trading day ¢ as the mean-adjusted
share turnover for stock i:**

€ = Vi ™ Vp @

where v, is the trading volume of stock i over day t divided by common shares
outstanding on day t and v, is the mean of v, over days —35 to —6.

The cumulative abnormal volume (CAV) for stock i over days ¢, to ¢, is
measured in the following way:

CAVt,t, = De, ?)
t=t

Table 7 shows mean and median CAV values over three windows surrounding
revisions in analyst stock recommendations. Over the 2-day revision period, the
mean abnormal volume is positive for both upgrades and downgrades, but its
magnitude is substantially larger for downgrades. The move to (from) the strong-
buy list increases a stock’s trading volume by a mean of about .9 percent (2.6
percent) of the outstanding shares, compared to a normal day’s volume. For
longer windows, the mean abnormal volumes are substantially higher for down-

* Many prior studies have used trading volume to examine investors’ response to informational
events (see, for example, Shleifer 1986; Jain 1988; Jarrell and Poulsen 1989; Meulbroek 1992; Sanders
and Zdanowicz 1992).

* This approach has been used in a number of prior studies (for example, Shleifer 1986; Vijh
1994; Michaely and Vila 1996).
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grades. The median values are lower than the mean values. Each mean and
median abnormal volume is statistically greater than zero, with a p-value below
.01. Clearly, revisions of stock recommendations by analysts generate trading.

5.2.2. Cross-Sectional Analysis

Table 8 presents cross-sectional regressions explaining CAVs over days —1 to
1 surrounding the recommendation revisions. The explanatory variables in the
regressions are the same as in regressions of CARs in Section 5.1.2. The results
provide strong support for the rational discounting hypothesis. The coefficients
on both the IB revenue percentage and commission revenue percentage variables
are generally statistically significant and negative (positive) for both groups of
upgrades (downgrades). The magnitudes of these effects are nontrivial. For ex-
ample, a 1-standard-deviation increase in IB revenue percentage leads to a change
in the 3-day abnormal volume around the addition (omission) of a stock to
(from) the strong-buy list of about —.12 percent (.36 percent) of the outstanding
shares; a corresponding change in the commission revenue percentage results in
a change in the abnormal volume of about —.15 percent (.22 percent).

Recommendation revisions by larger brokerage houses generate more trading.
The abnormal volume is also larger for revisions involving smaller companies.
Revisions by II All-America Research Team members generate statistically sig-
nificantly more abnormal volume for the dropped from buy or strong-buy group.
Upgrades (downgrades) by more experienced analysts result in larger (smaller)
abnormal volumes, and upgrades by busier analysts are less credible.

6. Conflicts and the Performance of Recommendation Revisions

We next consider the investment performance of analysts’ recommendation
revisions over periods of up to 12 months. Here, the choice of the benchmark
used to compute abnormal returns is somewhat more important than it is in
Section 5.1, where we measure abnormal returns over a few days around the
revision. But the results here are likely to be less sensitive to the benchmark
employed than are those in studies of long-run stock performance, where the
time period of interest can be as long as 5-10 years (see, for example, Agrawal,
Jaffe, and Mandelker 1992; Agrawal and Jaffe 2003).

6.1. Average Performance

We use an approach similar to Barber, Lehavy, and Trueman (2007). To eval-
uate the performance of stocks over a given window, say, months 1-12 following
the month of their inclusion (month 0) in a given group of revisions such as
the added-to-strong-buy list, we form a portfolio p that initially invests $1 in
each recommendation. Each recommended stock remains in the portfolio until
month 12 or the month that the stock is either downgraded or dropped from
coverage by the securities firm, whichever is earlier. If multiple securities firms
recommend a stock in a given month, the stock appears multiple times in the
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portfolio that month, once for each securities firm with a strong buy recom-
mendation. The portfolio return for calendar month ¢ is given by

ny n,
Rpt = 2 X, X R, 2 Xin 3
i=1 i=1

where R, is the month ¢ return on recommendation i, x; is one plus the com-
pound return on the recommendation from month 1 to month ¢ — 1 (that is,
x, equals one for a stock that was recommended in month ¢), and #, is the
number of recommendations in the portfolio. This calculation yields a time
series of monthly returns for portfolio p.

We compute the abnormal performance of portfolio p as the estimate of the
intercept term «, from the Fama and French (1993) three-factor model. Ac-
cordingly, we estimate the following time-series regression for portfolio p:

R,—R,=oa,+B,R,, — R+ B,,SMB,+ 3, HML, + ¢,

pt

t

January 1994 to December 2003, 4)

where R; is the risk-free rate, R, is the return on the value-weighted market
index, SMB equals the monthly return on a portfolio of small firms minus the
return on a portfolio of big firms, and HML is the monthly return on a portfolio
of firms with high book-to-market ratio minus the return on a portfolio of firms
with low book-to-market ratio. The error term in the regression is denoted €.
The time series of monthly returns on R,, — R, SMB, and HML are obtained
from Kenneth French’s Web site.”” We repeat this procedure for each time window
of interest, such as months 1-3, and for each group of revisions, such as the
dropped-from-strong-buy list.

Table 9 shows the performance of analysts’ recommendation revisions. Over
the period of 3 months following the month of recommendation revision, the
average abnormal returns for upgrades are positive, and the returns for down-
grades are negative. The magnitudes of these returns are nontrivial. For example,
the addition of a stock to the strong-buy list has an abnormal monthly return
of about .875 percent, or about 2.62 percent over the 3-month period. The
pattern is generally similar over longer windows. For example, over months
1-12, the abnormal monthly return for the added-to-strong-buy list is .679
percent, or about 8.15 percent over the 12-month period. The abnormal returns
are significantly different from zero for upgrades in all cases; they are statistically
insignificant for downgrades in all cases except one.

* Kenneth R. French, Fama/French Factors (file F-F_Research_Data_Factors.zip at http://mba
.tuck.dartmouth.edu/pages/faculty/ken.french/data_library.html).
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Table 9
Medium-Term Investment Performance of Recommendation Revisions
Months 1-3 Months 1-6 Months 1-12
Abnormal Abnormal Abnormal
Monthly Monthly Monthly
Return Return Return
Portfolio (%) t-Statistic (%) t-Statistic (%) t-Statistic
Added to strong buy .875 6.12%* .758 6.12%* .679 5.70%*
Added to buy or strong buy .586 4.49* 511 4.82%* .503 5.38**
Dropped from buy or strong buy —.361  —1.60 —.260 —1.28 —.072 —.44
Dropped from strong buy —.367 —1.58 —.395  —2.00* —.231 —1.49

Note. Abnormal returns are reported for three event windows relative to the month of revision (month
0) and are computed using an approach similar to that in Barber, Lehavy, and Trueman (2007). The
abnormal return is the estimated intercept from a time-series regression of 114 monthly portfolio returns
using the Fama and French (1993) three-factor model.

* Statistically significant at the 5% level in two-tailed tests.

** Statistically significant at the 1% level in two-tailed tests.

6.2. Cross-Sectional Analysis

Table 10 shows the results of a regression similar to that in Section 5.1.2,
except that the dependent variable here is the average monthly abnormal return
for a firm over months 1-12 following the month of a recommendation revision.
We compute this abnormal return by estimating a time-series regression similar
to that in equation (4) over months 1-12 for each stock in a sample of rec-
ommendation revisions. The intercept from this regression is our estimate of
the performance of the recommendation revision. Observations involving rec-
ommendation revisions on a stock that occur within 12 months of an earlier
revision are omitted from each regression.”

In each regression result reported in Table 10, the coefficients of IB revenue
percentage and commission revenue percentage are not statistically significantly
different from zero. These results favor the rational discounting hypothesis, at
least for the marginal investor. The performance of both groups of recommen-
dation upgrades is negatively related to company size; the performance of one
group of downgrades is positively related to the dummy variable for WSJ All-
Star Analysts. None of the other variables is statistically significant.

7. Bubble versus Postbubble Periods

We next exploit the fact that our sample spans both the late-1990s U.S. stock
bubble and a postbubble period. During the bubble period, initial public offer-
ings, merger activities, and stock prices were near record highs, and media
attention was focused on analysts’ pronouncements. We therefore examine
whether analysts’ behavior and investors’ responses to analysts’ recommendations
differed during the bubble and postbubble periods. Given the euphoria on Wall

* The results are qualitatively similar when we include these observations.
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Table 11

Ordered Probit Regression of Recommendation Levels Net of the Consensus
for Bubble versus Postbubble Periods

Bubble Postbubble p-Value
Investment banking revenue (%) .5103* .3089% <.001
Brokerage revenue (%) —.1868* .2286% <.001

Note. The explanatory variables are as in Table 3, except that (a) the investment banking revenue and

brokerage commission revenue percentage variables are interacted with dummy variables for the bubble

or postbubble period and (b) calendar-quarter dummies are replaced with a postregulation indicator (which

is equal to one for quarters after May 2002). Shown are the coefficient estimates of investment banking

and brokerage revenue percentage variables for the bubble and postbubble periods and the p-value for the

difference in the coefficient estimate between the two periods. All test statistics use robust variance estimators.
* Statistically significant at the 1% level in two-tailed tests.

Street and among investors during the bubble, analysts appear to have been
under acute pressure to generate IB fees and brokerage commissions. As for the
response of investors, the rational discounting hypothesis predicts greater dis-
counting of analysts’ opinions during this period in response to heightened
conflicts, while the naive investor hypothesis predicts less discounting.

We estimate regressions similar to those for relative recommendation levels
(Table 3), those for announcement abnormal returns (Table 6), those for an-
nouncement abnormal volumes (Table 8), and those for 12-month investment
performance of recommendation revisions (Table 10), except that we now in-
teract IB revenue percentage and commission revenue percentage with dummy
variables for the bubble (January 1996-March 2000) and postbubble (April
2000-December 2003) periods. Accordingly, we restrict the sample period for
these regressions to January 1996—December 2003. For regressions corresponding
to those with results shown in Table 3, we also replace the calendar-quarter
dummies with a postregulation indicator (equal to one for quarters ending after
May 2002). In May 2002, both the NYSE and the National Association of Se-
curities Dealers considerably tightened the regulations on the production and
dissemination of sell-side analyst research.” The findings of Barber et al. (2006)
and Kadan et al. (forthcoming) suggest that these regulations exerted a downward
pressure on recommendation levels. The regression results are presented in Tables
11 and 12. To save space, we report only the coefficient estimates for IB revenue
percentage and commission revenue percentage.

The results in Table 11 show that analysts appear to have inflated their rec-
ommendations in response to IB conflicts during both the bubble and postbubble
periods. But the magnitude of this effect is substantially greater during the bubble
period than during the postbubble period. This difference is statistically signif-
icant. The magnitude of the effect is smaller for brokerage conflicts than for IB
conflicts during both periods. In fact, the effect for brokerage conflicts is negative

3 See NYSE Amended Rule 472, “Communications with the Public,” and National Association of
Securities Dealers Rule 2711, “Research Analysts and Research Reports.”
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during the bubble; it is positive and statistically significantly higher during the
postbubble period.

Table 12 shows that, in regressions of 3-day abnormal returns, the coefficients
of both IB revenue percentage and commission revenue percentage are negative
and statistically significant during the bubble period for both groups of upgrades.
For the added-to-strong-buy group, the coefficient of IB revenue percentage is
significantly lower during the bubble period than during the postbubble period.
For downgrades, the coefficients of both variables are generally negative in both
periods, and they are statistically significantly lower during the postbubble period.

In regressions of 3-day abnormal volumes, the coefficients of IB revenue
percentage and commission revenue percentage are negative for upgrades and
positive for downgrades in all cases, both during and after the bubble. These
coefficients are not statistically significantly different between the bubble and
postbubble periods for both groups of upgrades and one group of downgrades.
For the dropped-from-strong-buy group, the coefficient of IB revenue percentage
is statistically significantly larger during the bubble period than during the post-
bubble period, but the coefficient of the commission revenue percentage is sta-
tistically significantly smaller. In regressions of 12-month postrecommendation
stock performance, the coefficients of both variables are statistically insignificant
both during and after the bubble period in nearly all cases, and this finding is
consistent with the results shown in Table 10 for the full sample period.

Overall, analysts appear to respond to IB conflicts both during and after the
bubble, but the magnitude of their response declines during the postbubble
period. Perversely, while analysts do not seem to respond to brokerage conflicts
during the bubble, they appear to do so after the bubble. Perhaps the intense
regulatory and media focus on IB conflicts has led analysts to look for alternative
avenues. Did investors discount conflicted analysts’ opinions more during the
bubble than in the postbubble period? The answer to this question is unclear.
However, our evidence does not support the notion that investors threw caution
to the wind during the bubble.

8. Summary and Conclusions

Following the collapse of the late-1990s U.S. stock market bubble, there has
been a widespread hue and cry from investors and regulators over the conflicts
of interest faced by Wall Street stock analysts. The discovery of e-mail messages,
in which analysts were privately disparaging stocks that they were touting pub-
licly, led to the landmark $1.4 billion settlement between a number of leading
Wall Street firms and securities regulators in April 2003. The settlement requires
the firms to disclose IB conflicts in analyst reports and imposes a variety of
restrictions designed to strengthen the firewalls that separate research from IB.
Part of the settlement funds are set aside for investor education and for research
produced by independent firms. The settlement basically presumes that analysts
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respond to the conflicts by inflating their stock recommendations and that in-
vestors take analysts’ recommendations at face value.

Consistent with the view of the media and regulators, we find that optimism
in stock recommendations is positively related to the importance of both IB and
brokerage businesses to an analyst’s employer. This pattern is more pronounced
during the late-1990s stock market bubble with respect to IB conflicts. However,
we provide several pieces of empirical evidence that suggest that investors are
sophisticated enough to adjust for this bias. First, the short-term reactions of
both stock prices and trading volumes to recommendation upgrades vary neg-
atively with the magnitude of potential IB or brokerage conflicts faced by analysts.
For instance, over the 3 days surrounding an upgrade to strong buy, a 1-standard-
deviation increase in the proportion of revenue from IB is associated with a .31
percentage point decrease in abnormal returns and a .12 percentage point de-
crease in abnormal volume. These results suggest that investors ascribe lower
credibility to an analyst’s upgrade when the analyst is subject to greater pressures
to issue an optimistic view. For downgrades, conflict severity varies negatively
with the short-term stock price reaction and positively with the short-term
trading volume impact. This pattern is consistent with the idea that investors
perceive an analyst to be more credible if he or she is willing to voice an
unfavorable opinion on a stock despite greater pressures to be optimistic.

Second, we find no evidence that the 1-year investment performance of rec-
ommendation revisions is related to the magnitude of analysts’ conflicts, either
for upgrades or for downgrades. This finding suggests that, on average, investors
properly discount an analyst’s opinions for potential conflicts at the time the
opinion is issued. Finally, investors discounted conflicted analysts’ opinions dur-
ing the late-1990s stock bubble, even in the face of the prevailing market eu-
phoria. This evidence does not support the popular view that recommendations
of sell-side analysts led investors to throw caution to the wind during the bubble
period.

Overall, our empirical findings suggest that while analysts do respond to IB
and brokerage conflicts by inflating their stock recommendations, the market
discounts these recommendations after taking analysts’ conflicts into account.
These findings are reminiscent of the story of the nail soup told by Brealey and
Myers (1991), except that here analysts (rather than accountants) are the ones
who put the nail in the soup and investors (rather than analysts) are the ones
to take it out. Our finding that the market is not fooled by biases stemming
from conflicts of interest echoes similar findings in the literature on conflicts of
interest in universal banking (for example, Kroszner and Rajan 1994, 1997;
Gompers and Lerner 1999) and on bias in the financial media (for example,
Bhattacharya et al., forthcoming; Reuter and Zitzewitz 2006). Finally, while we
cannot rule out the possibility that some investors may have been naive, our
findings do not support the notion that the marginal investor was systematically
misled over the last decade by analysts’ recommendations.
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Appendix

This Appendix describes the characteristics of disclosing and nondisclosing
private securities firms, sheds some light on their decisions to publicly disclose
their income statements, and examines whether the resulting selection bias affects
our main results in Table 3. Table Al provides summary statistics of recom-
mendation levels and characteristics of disclosing and nondisclosing private se-
curities firms. Compared with nondisclosing firms, disclosing firms tend to be
smaller and more liquid and issue somewhat more optimistic stock recommen-
dations. The mean recommendation level is slightly higher for disclosing firms
than for nondisclosing firms. The median disclosing firm is smaller and holds
more liquid assets than the median nondisclosing firm. All these differences are
statistically significant. The two groups of firms have similar financial leverage
ratios and 2-year growth rates in total assets.

We next examine cross-sectional determinants of a private securities firm’s
decision to disclose its income statement. In an excellent review of the corporate
disclosure literature, Healy and Palepu (2001) point out that a firm is more
willing to voluntarily disclose financial information when it needs to raise external
financing and when it is less concerned that the disclosure would damage its
competitive position in product markets. Ceteris paribus, firms with greater
growth opportunities, higher financial leverage, and less liquid resources are
more likely to need external financing. They are more likely to be open with
potential investors by disclosing financial information, including their income
statements. Similarly, smaller firms are likely to have greater need for external
financing as they try to grow. In addition, given the intense competition in the
securities business, smaller private firms are also likely to be more willing to
disclose their profits and profitability because they have less business at stake.
For both reasons, smaller firms are likely to be more willing to disclose financial
information. We control for firm size by the natural logarithm of one plus total
assets in millions of dollars, for growth opportunities by the 2-year growth rate
of total assets, for financial leverage by the ratio of long-term debt to total assets,
and for liquidity by the ratio of cash and equivalents to total assets. We estimate
a probit regression of DISCLOSER, which equals one for a disclosing firm and
is zero otherwise.

In accordance with the predictions of corporate disclosure theory, the coef-
ficients on firm size and liquidity are negative, and the coefficient on growth is
positive. Contrary to the prediction, however, the coefficient on leverage is neg-
ative. All of these coefficients are highly statistically significant. The pseudo-R’*-
value of this model is .08. To save space, these results are not shown in a table.

Finally, we examine whether the selection bias caused by a private securities
firm’s disclosure choice (and, consequently, the availability of data on IB revenue
percentage and commission revenue percentage) affects our main results in Table
3. While there is no Heckman selectivity correction for the ordered probit model,
there is one for the regular probit model. So we define a binary variable to
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measure an optimistic recommendation that equals one if an analyst’s recom-
mendation level on a stock exceeds the consensus level and equals zero otherwise.
We then replace the dependent variable in the regression in Section 4 with this
optimistic recommendation dummy. Using the subsample of private securities
firms, we estimate the resulting equation in two ways: (a) with a regular probit
model and (b) with a Heckman selectivity-corrected probit model, where we use
the equation described in the second paragraph of this Appendix as the selection
equation. When we use approach b, the coefficient of the selection term (that
is, the inverse Mills ratio) is statistically significant in the second-stage probit
regression. What is more important for our purposes is that the sign, magnitude,
and statistical significance of our main explanatory variables, the IB revenue
percentage and the commission revenue percentage, are similar in the regular
probit and the Heckman-corrected probit regressions. These results do not sup-
port the idea that our main findings are driven by the selection bias caused by
a private securities firm’s decision to disclose its revenue breakdown. To save
space, these results are not shown in a table.

References

Agrawal, Anup, and Mark Chen. 2005. Analyst Conflicts and Research Quality. Working
paper. University of Alabama, Culverhouse College of Business, Tuscaloosa.

Agrawal, Anup, and Jeffrey F. Jaffe. 2003. Do Takeover Targets Under-Perform? Evidence
from Operating and Stock Returns. Journal of Financial and Quantitative Analysis 38:
721-46.

Agrawal, Anup, Jeffrey F Jaffe, and Gershon N. Mandelker. 1992. The Post-merger Per-
formance of Acquiring Firms: A Re-Examination of an Anomaly. Journal of Finance
47:1605-21.

Barber, Brad, Reuven Lehavy, Maureen McNichols, and Brett Trueman. 2006. Buys, Holds,
and Sells: The Distribution of Investment Banks” Stock Ratings and the Implications
for the Profitability of Analysts’ Recommendations. Journal of Accounting and Economics
41:87-117.

Barber, Brad, Reuven Lehavy, and Brett Trueman. 2007. Comparing the Stock Recom-
mendation Performance of Investment Banks and Independent Research Firms. Journal
of Financial Economics 85:490-517.

Bhattacharya, Utpal, Neal Galpin, Rina Ray, and Xiaoyun Yu. Forthcoming. The Role of
the Media in the Internet IPO Bubble. Journal of Financial and Quantitative Analysis.

Bolton, Patrick, Xavier Freixas, and Joel Shapiro. 2007. Conflicts of Interest, Information
Provision, and Competition in the Financial Services Industry. Journal of Financial
Economics 85:297-330.

Bradley, Daniel J., Bradford D. Jordan, and Jay R. Ritter. 2008. Analyst Behavior following
IPOs: The “Bubble Period” Evidence. Review of Financial Studies 21:103-33.

Brealey, Richard A., and Stewart C. Myers. 1991. Principles of Corporate Finance. 3rd ed.
New York: McGraw-Hill.

Brown, Stephen J., and Jerold B. Warner. 1985. Using Daily Stock Returns: The Case of
Event Studies. Journal of Financial Economics 14:3-31.

Appendix B
Workpaper UIF-8
Page 32 of 35



Analyst Conflicts 535

Clement, Michael B. 1999. Analyst Forecast Accuracy: Do Ability, Resources, and Portfolio
Complexity Matter? Journal of Accounting and Economics 27:285-303.

Cliff, Michael T. 2007. Do Affiliated Analysts Mean What They Say? Financial Management
36(4):5-29.

Cowen, Amanda, Boris Groysberg, and Paul Healy. 2006. Which Type of Analyst Firms
Are More Optimistic? Journal of Accounting and Economics 41:119—46.

Dechow, Patricia M., Amy P. Hutton, Lisa Meulbroek, and Richard G. Sloan. 2001. Short
Interest, Fundamental Analysis, and Market Efficiency. Journal of Financial Economics
61:77-106.

Dechow, Patricia, Amy Hutton, and Richard Sloan. 2000. The Relation between Analysts’
Forecasts of Long-Term Earnings Growth and Stock Price Performance following Equity
Offerings. Contemporary Accounting Research 17:1-32.

Dugar, Amitabh, and Siva Nathan. 1995. The Effect of Investment Banking Relationships
on Financial Analysts’ Earnings Forecasts and Investment Recommendations. Contem-
porary Accounting Research 12:131-60.

Fama, Eugene F, and Kenneth R. French. 1993. Common Risk Factors in the Returns
on Stocks and Bonds. Journal of Financial Economics 33:3-56.

Gasparino, Charles. 2002. Ghosts of E-mails Continue to Haunt Wall Street: In Grubman
Inquiry, Preschool Is Pressed on Twins’ Admission. Wall Street Journal, November 18.

Gompers, Paul, and Josh Lerner. 1999. Conflict of Interest in the Issuance of Public
Securities: Evidence from Venture Capital. Journal of Law and Economics 42:1-28.

Greene, William H. 2003. Econometric Analysis. 5th ed. Upper Saddle River, N.J.: Prentice
Hall.

Grossman, Sanford J. 1976. On the Efficiency of Competitive Stock Markets Where Traders
Have Diverse Information. Journal of Finance 31:573-85.

Grossman, Sanford J., and Joseph E. Stiglitz. 1980. On the Impossibility of Informationally
Efficient Markets. American Economic Review 70:393—408.

Hayes, Rachel M. 1998. The Impact of Trading Commission Incentives on Analysts’ Stock
Coverage Decisions and Earnings Forecasts. Journal of Accounting Research 36:299-320.

Healy, Paul M., and Krishna G. Palepu. 2001. Information Asymmetry, Corporate Dis-
closure, and the Capital Markets: A Review of the Empirical Disclosure Literature.
Journal of Accounting and Economics 31:405—40.

Hong, Harrison, and Jeffrey D. Kubik. 2003. Analyzing the Analysts: Career Concerns
and Biased Earnings Forecasts. Journal of Finance 58:313-51.

Hong, Harrison, Jeffrey D. Kubik, and Amit Solomon. 2000. Security Analysts’ Career
Concerns and Herding of Earnings Forecasts. Rand Journal of Economics 31:121-44.
Irvine, Paul. 2004. Analysts’ Forecasts and Brokerage-Firm Trading. Accounting Review

79:125-49.

Jackson, Andrew R. 2005. Trade Generation, Reputation, and Sell-Side Analysts. Journal
of Finance 60:673-717.

Jacob, John, Thomas Z. Lys, and Margaret A. Neale. 1999. Expertise in Forecasting Per-
formance of Security Analysts. Journal of Accounting and Economics 28:51-82.

Jacob, John, Steve Rock, and David P. Weber. 2008. Do Non-investment Bank Analysts
Make Better Earnings Forecasts? Journal of Accounting, Auditing, and Finance 23:23-61.

Jain, Prem C. 1988. Response of Hourly Stock Prices and Trading Volume to Economic
News. Journal of Business 61:219-31.

Jarrell, Gregg A., and Annette B. Poulsen. 1989. Stock Trading before the Announcement

Appendix B
Workpaper UIF-8
Page 33 of 35



536 The Journal of LAW & ECONOMICS

of Tender Offers: Insider Trading or Market Anticipation? Journal of Law, Economics,
and Organization 5:225-48.

Jegadeesh, Narasimhan, Joonghyuk Kim, Susan D. Krische, and Charles M. C. Lee. 2004.
Analyzing the Analysts: When Do Recommendations Add Value? Journal of Finance
59:1083-124.

Kadan, Ohad, Leonardo Madureira, Rong Wang, and Tzachi Zach. Forthcoming. Conflicts
of Interest and Stock Recommendations: The Effects of the Global Settlement and
Related Regulations. Review of Financial Studies.

Kim, Oliver, and Robert E. Verrecchia. 1991. Trading Volume and Price Reactions to
Public Announcements. Journal of Accounting Research 29:302-21.

Kroszner, Randall S., and Raghuram G. Rajan. 1994. Is the Glass-Steagall Act Justified?
A Study of the U.S. Experience with Universal Banking before 1933. American Economic
Review 84:810-32.

. 1997. Organization Structure and Credibility: Evidence from Commercial Bank
Securities Activities before the Glass-Steagall Act. Journal of Monetary Economics 39:
475-516.

Lin, Hsiou-Wei, and Maureen McNichols. 1998. Underwriting Relationships, Analysts’
Earnings Forecasts, and Investment Recommendations. Journal of Accounting and Eco-
nomics 25:101-27.

Ljungqvist, Alexander, Felicia Marston, Laura T. Starks, Kelsey D. Wei, and Hong Yan.
2007. Conflicts of Interest in Sell-Side Research and the Moderating Role of Institutional
Investors. Journal of Financial Economics 85:420-56.

Ljungqvist, Alexander, Felicia Marston, and William J. Wilhelm, Jr. 2006. Competing for
Securities Underwriting Mandates: Banking Relationships and Analyst Recommenda-
tions. Journal of Finance 61:301-40.

. Forthcoming. Scaling the Hierarchy: How and Why Investment Banks Compete
for Syndicate Co-management Appointments. Review of Financial Studies.

Malmendier, Ulrike, and Devin Shanthikumar. 2007. Are Small Investors Naive about
Incentives? Journal of Financial Economics 85:457—-89.

Maremont, Mark, and Chad Bray. 2004. In Latest Tyco Twist, Favored Analyst Got Private
Eye, Gratis. Wall Street Journal, January 21.

Mehran, Hamid, and René Stulz. 2007. The Economics of Conflicts of Interest in Financial
Institutions. Journal of Financial Economics 85:267-96.

Meulbroek, Lisa K. 1992. An Empirical Analysis of Illegal Insider Trading. Journal of
Finance 47:1661-99.

Michaely, Roni, and Jean-Luc Vila. 1996. Trading Volume with Private Valuation: Evidence
from the Ex-Dividend Day. Review of Financial Studies 9:471-509.

Michaely, Roni, and Kent Womack. 1999. Conflict of Interest and the Credibility of
Underwriter Analyst Recommendations. Review of Financial Studies 12:653—86.

Mikhail, Michael B., Beverly R. Walther, and Richard H. Willis. 1997. Do Security Analysts
Improve Their Performance with Experience? Journal of Accounting Research 35
(Suppl.):131-57.

New York Stock Exchange. 2002. Fact Book for the Year 2001. New York: New York Stock
Exchange.

Reuter, Jonathan, and Eric Zitzewitz. 2006. Do Ads Influence Editors? Advertising and
Bias in the Financial Media. Quarterly Journal of Economics 121:197-227.

Sanders, Ralph W., and John S. Zdanowicz. 1992. Target Firm Abnormal Volume around

Appendix B
Workpaper UIF-8
Page 34 of 35



Analyst Conflicts 537

the Initiation of Change in Control Transactions. Journal of Financial and Quantitative
Analysis 27:109-29.

Shleifer, Andrei. 1986. Do Demand Curves for Stocks Slope Down? Journal of Finance
41:579-90.

Stickel, Scott E. 1992. Reputation and Performance among Security Analysts. Journal of
Finance 47:1811-36.

Vijh, Anand. 1994. S&P 500 Trading Strategies and Stock Betas. Review of Financial Studies
7:215-51.

Womack, Kent. 1996. Do Brokerage Analysts’ Recommendations Have Investment Value?
Journal of Finance 51:137-67.

Appendix B
Workpaper UIF-8
Page 35 of 35



Appendix B
Workpaper UIF-9
Page 1 of 59

2017 SBBI Yearbook
Stocks, Bonds, Bills, and Inflation

U.S. Capital Markets Performance by Asset Class 1926—2016
Duff & Phelps

WILEY



Appendix B
Workpaper UIF-9
Page 2 of 59

Cover image: Duff & Phelps
Cover design: James Harrington

Published by John Wiley & Sons, Inc., Hoboken, New Jersey.

Copyright © 2017 by John Wiley & Sons, inc. All rights reserved
Published simultanecusly in Canada.

No part of this publication may be reproduced, stored in a retrieval system, or transmitted in any form or by
any means, electronic, mechanical, photocopying, recording, scanning, or otherwise, except as permitted
under Section 107 or 108 of the 1976 United States Copyright Act, without either the prior written permission
of the Publisher, or autherization through payment of the appropriate per-copy fee to the Copyright Clearance
Center, Inc., 222 Rosewood Drive, Danvers, MA 01923, (978) 750-8400, fax (978) 646-8600, or on the Web at
www copyright com. Requests to the Publisher for permission should be addressed to the Permissions
Department, John Wiley & Sons, Inc, 111 River Street, Hoboken, NJ 07030, (201) 748-6011, fax (207)
748-6008, or online at hittp://www . wiley corr/go/permissions.

The foregoing does not preclude end-users from using the 2017 Stocks, Bills, Bonds, and inflation (SBBI)
Yearbook and data published therein in connection with their internal business operations.

Limit of Liability/Disclaimer of Warranty: While the publisher and author have used their best efforts in
preparing this book, they make no representations or warranties with respect to the accuracy or
completeness of the contents of this book and specifically disclaim any implied warranties of merchantability
or fitness for & particular purpose. No warranty may be created or extended by sales representatives or
written sales materials. The advice and strategies contained herein may not be suitable for your situation.
You should consult with a professional where appropriate. Neither the publisher nor author shali be liabte for
any loss of profit or any other commercial damages, including but not limited to special, incidental,
consequential, or other damages.

For general information on our other products and services or for technical suppoit, please contact our
Customer Care Department within the United States at (800) 762-2974, outside the United States al
(317) 6572-23993 or fax (317) 572-4002

Wiley publishes in a variety of print and electronic formats and by print-on-demand. Some material included
with standard print versions of this book may not be included in e-books or in print-on-demand. If this book
refers to media such as a CD or DVD that is not included in the version you purchased, you may download this
material at litpy//booksupport witey com. For mare information about Wiley products, visit www.wiley com.

ISBN 978-1-119-36667 -6 (Hardcover)
ISBN 678-1-119-36714-7 (ePDF)

Printed in the United States of America

10887654321



Appendix B
Workpaper UIF-9
Page 3 of 59

Appendix A
Monthly and Annual Returns of Basic Series

Basic Series

Appendix A-1: Large-Capitalization Stocks: Total Return

Appendix A-2. Large-Capitalization Stocks: income Returns

Appendix A-3: Large-Capitalization Stocks: Capital Appreciation Returns
Appendix A-4: Small-Capitalization Stocks: Total Returns

Appendix A-5: Long-term Corporate Bonds: Total Returns

Appendix A-6. Long-term Government Bonds: Tolal Returns

Appendix A-7. Long-term Government Bonds: Income Relurns

Appendix A-8 Long-term Government Bonds: Capital Appreciation Returns
Appendix A-9: Long-term Government Bonds: Yields

Appendix A-10: Intermediate-term Government Bonds: Total Heturns
Appendix A-11: Intermediate-term Government Bonds: Income Returns
Appendix A-12: Intermediate-term Government Bonds: Capital Appreciation Returns
Appendix A-13: Intermediate-term Government Bonds: Yields

Appendix A-14. U.S. Treasury Bills: Total Returns

Appendix A-15: Inflation

Real Riskless Rates of Return

Appendix A-16: U.S. Treasury Bills: Inflation-Adjusted Total Returns

2017 SBB! Yearbook Appendix A



2077 BRI Yearbook Appendix A1 (1}

Appendix A-1
Large-Capitaiization Stocks: Total Return
From 1926 to 2016

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year Jan-Dec’
1926 0.0000 -0.0385 -0.9575 00253 omm 00457 0.0479 0.0248 0.0252 -(.07284 0.0347 00796 1928 01162
1027 -0.0193 0.0537 0.0087 0.020 Q0607 -0 0067 0.0670 008515 3.0450 -0.0502 00721 00279 1927 0.3749
1928 -00040 -00125 01181 00345 00197 00385 0.0141 0.0803 3.0259 20168 01292 00049 1928 0.4361
1929 0.0583 -Q0C'9  -00012 00176 00362 01140 0.0471 01028 -C0476 41973 -01246 00282 1929 -0.0842
1930 0.0639 0.0259 0.0812 -(.0080 ~0.0085 (1626 0.0386 0014 -.1282 -.0885 -0.0089 -0.0706 1930 -{.24%90
1931 0.0502 01193 -0.0675 -0.0935 01279 01421 00722 0.0182 -(3.2973 4,084 -0.0798 0.1400 1937 04334
1932 -0.0271 0.0570 -0.1158 -0.1997 -0.2196 -0.0022 0.3815 0.3859 -0.0346 -(.1349 -0.0417 005885 1932 -0.0819
1933 00087 -01772 00353 04256 01682 01338  -00862 01206 -G3118  -00885 01127 00253 1933 05339
1934 01069  -00322 0ooco -0.0281 -0 0736 o022 -01132 00611 -00033 -D02Z86 10g42 00010 1834 -0.0144
1935 <0.0411 0.0341 00286 0.0980 0.0409 0.0699 0.0850 0.0z280 0256 0.0777 00474 00394 1838 04767
14936 0.0670 0.0224 00268 -0.0751 00545 00333 0.0701 0.0157 4.0031 0775 04134 -0.0029 1936 01.3392
1937 0.0390 00191 -0.0077 -0.0809 -0.0024 -0.0504 01045 006483 -0.1403 -0.04981 -0.0866 00459 18937 -0.3503
1938 00152 00874 -0 2487 01447  -0.0330 0.2503 0.0744 -(.0226 40165 Q0776 -02273 00401 1938 0.3112
1939 -0.0674 00390 -0.7338  -00027 00733  -00612 01108 -00848 21573 -00123 00398 00270 1938 -G.0041
1940 -00336 00133 04124 00024 -0.2289 0.0809 0.0341 0.G350 2.0123 00422  -003'6 00009 13432 -0.0978
1941 -0.0463 0.0060 0.007 00612 00183 00578 0.0579 0C010 -3.0088 -0.0657 (0284 0.0407 1943 01159
1942 0.0161 -0.07159 -0.0652 -0.0400 0.0796 00221 0.0154 0.0290 0.0678 -0.0027 00649 1942 0.2034
1943 0.0737 0.0583 0.0545 0.0035 {10652 0.0223 06171 00263 -0.0108 ~(1.0654 Qoety 1843 0.2590

1944 00171 0.0042 00195 -00100 00505 00543 00157  -0.0008 0.0023 0033 00374 %44 0.1975

1945 00158 00683 00441 0090z goles  -0.00C7 : 0.0e41 4.0458 G.0322 0.0396 00136 1945 0.3544
1946 0074 -0.0841 0.0480 0.0393 00288 -00370 -00239 -D0674  -00997  -0.006C  -0.0027 00457 1946 -G.0807
1947 00265  -00407Y 00149 00363 00014 1.0554 0.0387 -0.Gz203 001N 00238 00178 00233 1947 2051
1948 -G 0379 -00388 00793 002492 00879 00084 -0.0508 0mss  -00276 gorig -00967 00346 1948 3.0550
1949 00039 -00296 00328 -0M78 00258 0.0614 (1.0650 00219 00263 3.03440 0075 05486 1849 01879
1950 00197 00199 00070 0.0486 00508  -00848 0.0118 0.0443 0.0592 {0093 00189 00513 1880 Q317
1951 0.0637 0057 00756 0.0505 00299 -00228 0o 0.0478 0.0013 0.0103 0.009% 00424 1957 0.2402
1952 00181 -00232 00503  -0.0402 00343 0.0490 00198 -00077 -0.0176 (0020 00577 0¢382 1952 Shesv
1963 -3.0049 00106 -00212 00287 {007 00134 0.0273  -0.0501 0.0034 (.0540 00204 00053 1983 ~0.0099
1954 0.0536 [GORE 0.0325 00516 g0418 0003 00589  -00275 00851 -0.0167 0.0%09 00534 1954 05262
1955 0.0197 00088 -0.0030 0.0396 (.0058 00841 00622  -00025 00130 -2.0284 (0.0827 00015 1958 0.3156
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Appendix A-1

Large-Capitalization Stocks: Tetal Return
From 1926 t¢ 2016

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year Jan-Dec’
1956 -0.0347 0.0413 08710 -(1.0004  -0.05482 (0409 0.0830 -0.0328  -0.0440 0.0066  -0.0050 0.0370 1958 3.0556
1957 -0.0401 -0.0264 0.0215 0.0388 Q0437 00004 001N -00505  -00802 -0.030Z 003 -0.0395 1957 -0.1078
1958 00445 -00141 00328 0.0337 10212 00279 0449 00176 .0501 30Z70 00284 00535 1958 14336
1958 0.0053 0.0049 0.0020 00402 00240 00022 030383 0.0102 -3.0443 0.0128 00186 00292 1989 31196
1930 -0.0700 0.0147 -0.0123 -0.0161 .0326 Qo211 -0.0234 06317 -0.05%90 -0.0007 0.0465 0.0479 1960 SOGAT
1961 0.0645 0.0319 00270 0.0051 0.0239 -00275 0.0342 (.cz43 0.0184 0.0z98 0.0447 00046 1861 2689
1962 -0.0366 0.0209 -00046  -00607  -0.081 -0.0803 0.0652 0.5208  -0.0465 0.00e4 0.1086 00153 1962 -0.0873
1883 00506 -00239 00370 0.0500 00183 00188 -00C22 00835  -0.0097 00339 -0004b 00262 1963 02280
1954 0.0283 0.0147 0.0165 00073 Q0162 g0i7as 0195  -00118 0.0301 0.0098 00005 0.0056 1664 0.1548
1965 0.0345 0.0031 0.0133 0.0356 00030 (10473 0.0147 0.G272 0.0334 G.0z289 -0.0031 00106 1965 11245
1956 0.0062 -0.0131 -00206 0.0220 -0),0492 -0146 -0.0120 -0.8725 -0.0053 0.04494 0.0095 00002 1986 {11006
1967 00798 00072 03408 00437  -00a477 40140 0.0468  -0.0070 0.0342 -0.0276 00065 00278 1967 {.2398
1958 -30425  -00281 ool 0.0834 1.0161 0.mos  -0.0172 051564 G.0400 o o087 00831 -00402 1968 31306
1964 -0.0068 -0.0426 0.0359 00225 00026  -00542 00587 00454 -00236 00458 00297 -00177 1989 -.0850
1970 -0.0743 00857 00044 -00875 -00578  -00488 0.0769 00478 00362 00083 00508 00598 1970 0.03%6
1971 0.0432 Q.07 0.0394 0.0389 00391 20033 0.0387 05388 -0.0044 0.0391 0.0002 0.0888 1971 0.1430
1972 0.0206 0.0271 0.6083 0.0068 0.0197 -0.0194 0.0048 00388 -0.0025 00118 0.0481 0.0742 1872 3.1899
1973 -(.0149 -(1.035% 00008  -0.0383 00163 -0L.0040 0.3407 -0.0341 G04z7 .00%7 -0.11809 00798  19v3 -0.1469
1474 -00072  -00007  -00206  -00358 -00302 -00114  -00742  -00884 -D1152 68T -0n489 -00756 1974 -3.2547
1975 01272 00638 00284 0.0510 0.0476 00477 00844 08176 G.0312 G 0653 0.0262 00081 1975 83723
1976 01217 -0.0084 00337 00078 -Q01MNM 00443 -00048  -00018 50258 -00188  -0.0047 00861 1976 0.2393
1977 -0.0473 -00182 00105 0.0047 -0.0186 00484  -0.0124 00772 Qo01s  -00384 00316 0.0075 1977 30716
1978 -G 0574 -00203 00294 0.0802 40092  -0mz8 (0.0583 00301 -Go03z -00872 Q0215 0ai%6 19V 3.0657
1979 0.0443 -(1.0321 0.0596 0.0094 -0.0247 004356 0.0134 0.0577 80043 -0.0640 0.0475 048214 1879 (.1861
1980 00622  -00007 -0.0972 1.0462 0.0515 00316 10695 0.0107 5.0294 00z02 01085  -00302 1980 0.3250
1981 -0.0418 0074 0.0400 -0.0193 00026 00083 0.0027 -0.0577 -3.0493 0.0540 00413 0.0256 1981 {10492
1982 -0 0131 -00559  -00052 00452 -0.0341 -0.015¢  -0.0172 01214 00125 01151 00404 03793 1982 0.2155
19€3 0.037 0.0229 0.0369 00788  -0.0087 0.0329 -0.6295 0.01560 a0138  -00116 0:0217 -0.8852 1983 0.2256
1984 -(10066  -0.0352 0073 00085  -00554 00217 -00124 01104 2.0002 $.0039 00112 00263 1984 ans27
1985 0.0779 00122 00007 -0.0008 {10578 001587 -0.0015 -0.0085 -0.0313 3.0462 0.0686 00484 14985 03173
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Appendix A-1

Large-Capitalization Stocks: Total Return

From 1926 1o 2016

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year Jan-Dec’
1986 0.0066 00747 00558 -0.0113 0.0532 00169  -0.0853 00742 00827 50577 00243 06255 1986 01867
1887 01347 0.0395 00288  -00089 00087 0.0505 00507 00373 00219 02154 -.0824 0.0781 1987 0.0525
1988 0.0421 00466 -0.030% 001 30088 00459  -00038 -0.C339 20426 0.0278 -0.0143 00174 1988 .1661
1989 00732 -00249 00233 00519 (00408 -0.0057 0.0903 0c185 -G0041 -30232 00204 00240 1980 03169
1930 -0.0671 00123 00265 -0024% 00975 -00067 00032 -DC904 00487 00043 00646 00279 1990 00310
1991 0.0436 00715 04242 0.0024 00431 -0.0458 0.0466 00237 -00167 G.07134 -0.0403 013144 1e9t 03047
199z -(.0186 0.0130 00764 0.0264 00049 00149 0.0409 -0.0205 0.0118 0.0035 0.0847 00723 1992 aore2
1983 0.0084 0.013% 00211 -0.0242 0.0268 00029  -0.0040 00379 -0.0077 00207 -0.0095 00121 1993 0.1008
1944 00340 -00271 00436 00123 00164 00245 00328 00410 -00245 G022 -0.0364 00148 1994 00132
1695 00259 00390 02295 00294 Q0400 00232 Q0332 00025 00422 -0003% 00439 00183 1895 0.3758
1996 00340 00093 0.0036 0.0147 00258 0.003e 0.0442 0.80211 0.0563 GO27E 0.0786 00198 1996 0.22596
1997 0.0625 0.oove  -0.0400 00847 0.0604 00448 0.0796 -0,0560 (.0548 -0.0334 {0483 omvz  1s87 .3336
1998 0.0 oora 00812 001 -gmvz 0.0406  -0.0108 (11445 00841 00873 0.0606 00576 18498 0.2858
1999 00418 -00311 00400 00387  -00236 00555 -0.0312  -00048 -Q0274 00633 00208 00589 1949 0.2104
2000 -0.0802 -00183 04978  -00301 -00205 00247 -00156 00621 -00528 -0.0042  -00722 00049 2000 -0.0910
200 00355 -00912 -00B34  QO777 00067 -00243 -00098 00626 -00808 00197 00767 00088 2001 -0.1189
2002 anae Q.0193 00376 00806 agore 00Nz 00780 00066 01087 0.068C 0.05H89 006887 2002 02210
2003 -0.0262  -0.0150 00097 0.0824 (.0827 Q0128 0.0178 001895 -0.0106 0.0566 0.0088 0.0624 2063 (.7868
2004 00184 0.0138 -0051 -0.0157 0.0137 00194 -0.033] 0.5040 J.0108 3.0153 0.0406 (0.0340 2004 3.1088
2005 -0.0244 00230 0877 -090 00318 00014 00372 -DCOW 20081 -G.0167 0.0378 00003 2005 00497
2006 0.0265 0.0027 00124 Q0134 -0.0288 00014 0.0082 0.0238 {.0258 30328 00180 00740 2008 01579
2007 00151 -00196 00112 00443 00349 -0(i66 -00310 Q0150 00374  C0158  -00418  -00089 2007 0.0549
2008 -00600 -003725  -00043 0.0487 oma3c -00843  -0D.0084 0014 -0.08% -3167g -0078 00106 2008 -(3.3700
2009 -00843  -01068 00876 0.0957 (10559 a.0020 00755 05381 50373 -00188 00600 02193 2009 12646
2010 -0.0360 0.0310 0.0603 00158 -00799 -00523 0.0701 -(0451 {.0892 0.0380 0.0001 0as68 2010 03506
2011 00237 00343 00004 00296 -00113 00187 -00202 -00543 -00703  $1093 -00022 00102 2011 z.ozn
2012 0.0448 0.0432 0.82328 0.0063 (0601 00412 0.0139 00225 00258 3.0188 0.0058 00c91 202 0.1500
2013 00318 00136 00375 00183 00234 00134 00509 -00290 00314  ¢0480 00305 00283 2013 0.3239
2014 -0.0346 0.0457 0.0084 00074 00235 g02e7  -00138 06400 00740 3.0244 00269 00028 2004 0.1369
2015 -0.0300 00575 -00158 0.00%6 a0tz 00184 Qo210 -00603 -00247 2.0844 00030 -00158 2015 amass
2016 -0.0496  -0.0013 0.0678 0.003% 0.0180 0.0026 0.03589 08014 00002 -00182 0.0370 09798 2016 41196
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Appendix A-2

Large-Capitalization Stacks income Returns
From 1926 to 2G15

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec VYear Jan-Dec’
1926 0.00%6 Q.0055 0.0016 0.0026 0.0102 00025 0.0024 0.0078 0.0023 3.0030 00723 00030 7926 0.0511
1927 0.0018 0.0061 0.0022 0.0028 0008s po027 0.0020 0.0070 0.0018 40029 0105 0.0029 1827 0.0571
1928 000t 00051 ooms 00021 0.0071 0.0020 00018 00052 00019 20023 0one2 02021 1928 1.0481
1929 00012 0.0039 0.0012 0.0016 0 006G 00016 Q0014 U048 00013 0.0020 0.0091 00029 1829 0.0398
1930 003314 0.0044 0.0013 00016 (0068 04.0020 0.0020 0.C056 0.0019 £.0032 0.0130 00836 18930 00457
1931 0.00 0.0050 00017 0.0074 0.00493 00037 0.0020 o.coev 0.0022 0.0051 0.0780 00053 1937 0.0535
1932 0.0032 0.0063 0.0024 0.0077 00137 00087 0.0045 00118 0.0024 0.0037 0.0172 0.0046 1832 005816
1933 0035 00072 00018 00034 0.0086 Qoo 00018 0.8080 00018 00031 g0100 00230 1883 00839
1934 00010 0.0045 (.0009 004018 00078 30021 00020 0.C08% 0.0022 0.0033 00114 00031 1234 G0446
1935 008 0.0055 0.0023 00024 00086 0.0021 0.0020 00083 G.oois8 2.0026 0.0080 QG023 1838 004495
1936 0.00%5 0.0056 00014 0.0020 20087 0.0028 0.0020 0.6083 J.0019 2.0025 G.006893 08029 14936 0.0536
1937 Q0012 00045 oomy 0.0022 00079 0.0025 00019 0.6071 40019 0.0036 60746 00045 193y 004606
1938 00319 00065 Q0ms 00035 00112 .0032 0007 08048 a.0017 30016 04a0s! 0aG24 1938 0.0483
193 C.O0%18 0.0065 0.0016 0.0027 00118 g0025 0o08 00086 00027 0.0023 0.0094 03033 1939 0.0469
1840 00215 0.0066 0.0028 00024 0.0107 00043 0.0030 00087 0.0028 50028 003¢8 0038 1940 0.0536
1947 Q.0079 0.0089 0.0030 0.0040 n.0vae 00043 0.0030 0.2096 0.0029 2.0029 g3y 08044 184 a0s71
1942 0.0023 0.0091 0.0023 00037 0.0157 0.0037 0.0024 0.0093 G.0023 0.0034 08137 00032 1942 0.0679
1943 0.0020 0.0076 00018 08026 0.0104 00025 0.0016 0.£068 00025 0.0025 SESEEOE 00027 1843 00624
1944 Q0?7 0.0068 0.0025 0.0025 omm o002z 0005 n.eo7: 30023 (.0023 (0094 8623 1844 0.0548
1945 00015 Q0067 0.0021 0002z 0.0081 .0027 0.0cz0 0.008% g.o019 come 00072 00337 1845 0.0497
1946 00017 40054 00017 Q0017 00064 00021 poois 0.0056 00018 3.0026 00088 028027 1648 0.0409
1947 0.0020 00070 00019 00026 0.0102 0.0028 0.0020 0.0076 0.0026 0.0026 0.0110 00027 a4y 0.0549
1948 0.0020 00032 00021 09027 g.0097 0.0024 0.0024 0.0082 GO0Z5 0on3z gz 03041 1848 0.0808
1949 0.002¢ 00089 0.0027 00033 0o1s 0.0035 0.0028 0G0 0.00%6 0.0045 0.0162 00350 184 0.0750
1950 0.0024 00100 00029 00035 201e 0.0032 0.0034 00118 0.0033 00057 gmT9 00051 1850 0.0877
1951 0.0024 0.0082 0.0028 00028 agay 00033 00024 0.0085 G.0021 0.0034 0.0122 00035  196] 0.0691
1952 002 00083 00026 20029 oo 0.0029 0.00z0 0.0075 0.0020 00028 00108 00027 1852 00593
1963 0.0023 Q.0078 0.0023 0.0028 00110 00029 0.0027 00077 0.0021 0.0030 0014 00032 1883 0.0546
1654 0.0024 0.0084 00023 0.0026 00088 00024 Q0017 0.0065 2.0020 0.0028 Q.01 00026 1954 20621
1955 00017 0.0063 0.0019 0.0014a 0.0068 00018 0.0015 0.0083 0.0416 0.0027 0.0078 00022 1855 0.0456
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Appendix A-2

Appendix &7 (5

Large-Capitalization Stocks: Income Returns
From 1926 t0 2015

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year Jan-Dec’
1956 00018 (.006R 0.0018 0.0016 10064 o008 o015 0.C053 0005 30015 0.0059 0.0018 1558 (0383
1957 0.0017 00063 00018 0.0018 00068 ooe7 0007 0.case 2.0018 0.0019 0.0071 00019 1957 0.0384
1958 0ome 00065 0.0020 000149 0.0062 00018 0o 0.0057 50017 2006 00060 00015 1688 0.0438
1959 00014 0.0081 00014 00014 00050 00014 00C14 3¢048 20013 0.0018 00054 00075 iesg 0.0331
1950 0.001% 0.0056 0.0016 00014 10057 g0016 0.0014 0004 8.0014 {00y 00062 0.0me 1860 30326
1961 0.0014 Q.0050 0.0014 00012 00047 o004 08014 0.00406 2.0013 0.0018 0.0054 00014 1861 10348
19562 0.0013 0.004e 0.0ms3 00013 0.0049 0.0015 0.0018 0.0055 .07 0.0020 0.0071 00018 1862 $.0298
19463 00074 00050 000G 00015 0.005C 00014 a.0813 0.2048 40014 S 007 00059 000718 1963 3.0361
1954 00013 0.0048 0003 00014 00048 00014 0062 20044 0.0013 3.0015 (L0057 00017 %64 00333
18965 00313 0.0045 0.0013 00014 0.0047 0.0G14 0.0C13 0.0047 00014 0016 0.0066 00016 1865 3.0321
19566 00033 0.0047 Q0013 00015 20049 a0Gis 0.004 0.6053 g.007 o008 0.4064 0.0017 1968 0031
1967 00dis Q0082 0.0015 00014 4004z 0.0015 0.0014 0.0047 a0014 a0074 0.0054 00015 1867 00364
1968 00013 00081 00016 0.0014 0.0045 20014 00013 05045 G004 J0015 0.005] Q0014 1568 00318
1959 00073 0.0048 00014 00014 00048 00314 03014 30053 30018 0.001e 0.0056 00010 1869 50298
1970 00021 00031 00029 0.0030 0.0032 00034 0.C38% 0.0033 c.0032 G003 0.0031 00030 1870 00335
19717 0.0032 0.0022 0.0026 0.0035 aoomy 40026 00024 06029 00025 0.0047 00013 00041 en 00349
1977 0.0011 0.0024 0.0023 0.0074 0.0041 0.00C8 0.0024 0.0024 0.0023 0.0025 0025 00024 1872 0.0295
1973 0.0022 0.0022 Q.0022 0.0028 00025 00020 08027 06026 J.004 20018 0.0030 00032 1873 {0286
1674 0.0029 0.00729 00028 0.0032 (00033 00023 D 2636 N.C039 30042 {.00588 0.0043 000de 1874 00369
1975 00044 00039 0.0037 00037 1.0038 0.0034 0.5033 0.0035 00035 0.0037 20035 00034 1875 0.0837
1976 0.0034 0.0030 0.0030 0.0032 30032 00034 00G33 0.0033 00032 (.0038 0.0037 00036 1878 0.0449
1977 0.0033 0.0034 0.0035 (0.0040 2.0040 0.0547 0.0c38 0.8038 0.0040 30045 Q0047 0.0046 1877 0.0435
1978 000 00045 0.0048 .0048 0.0044 00043 0.0044 00042 $.004 30044 o048 00048 1678 0.0633
1979 0.0046 0.0044 4.0045 Q0077 00017 0.0648 0.0047 0.6046 (.0043 4.0046 0.0049 00046 1879 (1.0589
1980 00045 00043 00046 0.0051 0.0048 0047 0.0048 0.0043 0.0043 30042 00042 00037 1880 0.0574
1981 0.0033 0.0041 .0040 0.0041 40042 0.0041 0.0043 0.C044 0.0046 1.0048 0.0047 00044 1687 00488
1982 00045 00047 00049 00055 0.0047 00054 0.0057 0.0054 $.0049 30047 00043 00041 1882 0.0561
1983 0.0041 .0039 0.0038 0.0040 00035 00037 0.003% 0.c037 S.00M 3.0032 0.0037 00036 1983 0.0504
1984 (1.0036 00037 (0.0038 (.0040 00040 00043 00040 00041 0.0037 4.0038 (.0039 00040 1684 00457
1985 0.0038 0.0036 0.0035 0.0037 0.0037 0.0038 00034 0.0035 3.0036 40036 0.0035 00033 1885 00472
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Appendix A-2

Large-Capitalization Stocks. income Returns
Fram 192610 2016

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year Jan-Dec’
1986 003032 00033 00030  0002¢ 00030 00028 0OO0ze | 00030 00028 | D00d0 | 00027 | 00028 1986 00332
1987 0.0029 00026 00025 00026 00028 00026 00024 00024 00022 DO023 00030 Q0032 1987 0.0864
1988 0.0076 (0048 00025 00016 Q0055  (QO026  OO0I& 00047 00029 00019 00046 (0028 1988 0.0399
1989 00021 00040 00025 00078 00053 00023  00CIS 00040 00025 00020 00039 00026 1989 0.0403
1990 00017 00043 00022 00019 00055 00021 0002 00039 00025  0.0024 00047 00030 1990 002343
1997 00020 00342 00020 00020 00046 00021 00017 00040 00024 00015 00036 00028 199" 00376
1997 0.0013 00034 08024 00015 00038 00025 00015 00035 00026  DO0012 00038 00022 1992 00298
1993 00013 00031 00024 00012 00040 00022  OQ0I2 00035 00023 00013 00034 00020 1993 0.0291
1904 00015 00029 00021 00013  0004C 00023  O00CI2 00034 00025 00016 ©0031 00025 1294 00283
1695 00017 00029 00022 00015 00036 00020 0004 00028 00021 00014 00028 00018 1905 0.0304
1996 00014 00823 00017 00013 00023 00916 0O0CIs  0£0Z3  QO0Z1 00014 00022 00017 1995 0.0243
1997 00012 00079 00015 00013 00023 00013 00014 00014 00016 00011 00837 0004 1997 0.0210
1998 0000% 00077 00013 00010 00016 00012 00010 00012 00017 00010 00075 00012 1998 00167
1999 00008 00012 00012 00008 00014 00011 OOCOR 00013 00011 00007 00013 DOOi1 1990 00136
2000 00007 G002 00011 00007 00014  QOO07 Q0007 00014 00007 00007 00012 00008 2000 00111
2001 00008 00011 00009 00003 00016 00007 00009 00015 00010 QO01D 0005 00012 2000 0.0118
2002 00010 Q005 00008 00008 00017 00012 DO0I0 00017 0OMIS  DO0Ie 00018 0406 2002 00159
2003 00012 60020 00014 00013 Q0018 00014 D004 00016 00013 00016 00017 00017 2003 0.0199
2004 00671 00017 Q0013 00011 00016 00MS 00012 06018 00015 00013 00079 0096 2004 00176
2005 00009 00021 00014 00011 00018 QOME 00012 0002 Q0012 00071 00026 00013 2008 00184
2006 00010 00023 00014 00012 00021 00013 00011 00025 00012 QO01T 00025 00014 2006 0.0201
2007 00011 00023 00012 QO010 00023 00012 Q0010 00021 00016 00071 00022 020'7 2007 00196
2008 00312 00023 00016 00012 00023 00017 00CIS 00023 00017 00018 00031 00028 2008 00192
2009 00214 00035 00022  0O0CI8 QOO 00018 00015 00025 G006 Q002 00026 00015 2000 00248
2010 00GI0 00025 00016 00010 00021 00015 00013 00023 00017 00012 00024 00015 2010 0.0202
2011 00011 00023 00015 00011 DO022 00016  0OCIT DCO25 00015 GO0IB 00028 00017 2013 00213
2012 00072 Q0027 00016 QU012 0002 00016 00013 00028 0006 00013 00030 00020 2012 0.0250
2013 00014 00026 00015 Q0012 00026 00016 00014 00023 00016  0OD'4 00024 00018 2013 00248
2014 00010 00026 00015 00012 Q0024 00016 GODI3 00023 00015 Q0012 00624 QU017 2014 00216
2015 00010 00026 00016 00011 00024 00017 O00IZ 00022 DOOYF 0004 00025 00018 2015 0.0210
2016 00011 00028 00018 00012 00026 00017  GOCI3 0002 00014 00012 00029 00018 2018 0.0226
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Appendix A-3

Appendix A-3 (7

Large-Capitalization Stocks: Capital Appreciation Retuins

From 1926 to 2018

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year Jan-Dec’
1926 -0.00%6 -0.0440 -0.059 00227 aoo7y 00432 0.0455 00171 0.0229 -0.0313 0.0223 ai6s 1926 20672
1927 -0.0208 0.0477 0.0065 00172 00522 00094 0.0680 0.0445 00432 0083 00616 0.0250 1827 3.3091
1923 - 0051 Q076 01083 0.032 a01z7 -(10405 0.0125 00741 0.0240 30148 o199 00029 1828 13788
1629 0.0571 00052 -0.0023 00161 -00428 01124 00456 0.0080 3.0489  -0.1993 -(.1337 00253 1929 01191
1930 0.0625 0.0215 00794 -0.0085 -(.0165 -0.1646 0.0387 00075 (11301 «(.0888 00218 -0.0742 1930 (2845
1931 0.0489 01144 -0.0692 -0.0958 01372 01390 04742 133085 -0.2994 0.0644 -g.a9ve -0.71453 1931 04707
1932 -0.0283 0.0807 -0.1782 -0.2025 -02333 -0.0089 0.3770 0.3754 -0.0369 -.1386 -0.0589 00519 1932 -0.1515
1933 00073 -01844 00336 04222 01687 01317 -0.0880 01146  -01136 -008285 01027 04223 1933 34559
1634 01859 -00387 00008 -00270 -00313 00208 -D1152 00847 -00055  -0.0319 0.0829 -00042 1934 -5.0594
1935 0421 00396 00309 0.0956 0.0323 00678 0.0831 0.0217 0.0239 0.0751 0.0393 00371 1835 54137
1936 0.0655 0068 0.0254 -0.077 00458 00306 00681 0.8088 0003 0.075G 0.0047 -0.0058 1836 0.2792
1937 00378 00145 -0.0094 -0.0831 -0.0103 -0.0529 01e2e -0.0554 -0.1421 01007 0101 (0504 1937 -(1.38069
14938 00133 00608 -0 2504 01412 -(1.0443 02470 0727 -06274 00149 g07sl -(0334 09377 1938 12521
14939 -(.0683 00328 -0.1334  -00055 00623 -00638 01887 -DCTi4 01646 -00145 -0.0497 00238 19232 -G(545
1940 -00352 0 05ed 00098  -00049 -0.233% 0.078% 0031t 0.0282 G.0095 00394 -00424 -00028 1940 -0.152

1941 -(3.0482 0.0149 0.0040 00653 00043 00535 0.0848 -0.0087 0.0087 0.068% 0427 0.0451 1940 3.1786
1942 00138 -0.0250 -0.0675 -0.0437 0.0640 00184 0.0313 0.o070 00267 0.0644 -0.0138 00517 14942 0.1243
14943 0076 Q.0606 0.0527 0.000g (10449 o01es -0.0543 (10103 0.0237 -3.0132 ~(.0755 00580 1943 0.1945
1944 (.0154 -0.0025 00769 -0.M25 {0404 0051y 00208 0087  -0.0031 0.0000 0.0039 00351 1944 51380
1945 00143 00676 0.0462 00880 00118 0.0033 -0.g2t 0.5580 00419 0.0303 00324 00099 1946 03072
1946 00697  -0.0695 0.0463 00378 00224 00397 00255  -0072 -01018 -0.008¢  -00175 00429 1948 1187
1947 0.0235 -0.0147 -0.0769 -0.0388 -0.0089 0.0528 0.0362 Rilavese] -3 00212 -0:0285 nozar 14947 4.0000
1948 -3 0399 -0.0470 007N 0.0265 Q.0782 (.0030 -00522 00076 -0030 20678 -0 1082 (3305 1848 -3.0065
1949 00013 -0.0394 0.030 -.0212 -.0373 -(0027 0.0621 0.0120 00237 0.0795 00012 00436 1949 010206
1950 00173 0.0100 20041 0.0451 00353 00880 00085 0.0325 0.0559 G 0Das Q0010 00481 1880 02178
1951 00672 0.0065 00183 0.0481 -0 040e -0 0260 00687 0.0393 -(.0009 -1.0138 0.0026 04383 1951 11546
1952 00156  -00365 00477 -00431 00232 0.0451 00178 -00146 -00796  -00008 00465 00355 1952 03178
1953 -0.0072 -0.0182 -0.0236 -0.0265 -{10032 -00183 00253 -0.0578 00013 0.0510 0.0630 0.0020 1953 -(.0662
1954 00512 0.0027 0.030% 0.0440 00329 g00g7 00a72 -0.0340 0.0831 -(1.01495 0.0808 00808 1854 04502
1955 0.0181 0.0035 -0.0049 0.0377 -00012 00823 00607 -0.0078 0.0113 -3.0305 0.0749 -0.0007 1955 0.2640
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Appendix A-3

Large-Capitalization Stocks: Capital Appreciation Betuins

From 1926 to 2016

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year Jan-Dec’
1956 -0.0365 0.0347 0.0683 -0.0021 -00B57 0.0392 00518 -0.6387 -0.0455 0.0051 -0.0110 0.0353 1958 00267
1957 -0.04718 -0.0326 04198 0.0370 00369 -3o01g 00114 -0.0561 -0.0619 -0.0321 ogiel -(.0415 1657 ~0.1431
1958 00428  -00208 00306 00318 00150 (.0261 0043 08119 0484 30254 00224 00520 1988 0.3806
16959 0.0038 0.0002 0.0005 0.0388 aoigs Q0036 00349 -0.¢150 00456 00113 0.0132 00276 1989 4.0848
1960 -0.071% 0.0092 00138 -0.0175 0.0269 001585 -01.0248 03281 -0.0604 -0.0024 0.0403 00463 14960 -(024T
1961 0.0632 0.0269 0.0255 0.0038 00191 0.0288 00328 02196 -0.0197 0.0783 0.0393 00032 196} 0.2313
1962 -0.037 0.07683 ~0.005% -0.0620 ~-0.0860 -0.0818 0.0636 0.0153 -3.0482 3.0044 01018 0.0135 1962 -3.1181
1963 00497 -00289 00358 00485 00143 -00202 -00035 00487 -¢0110 00322 -00108 00244 1963 01889
1964 0.0269 0.0099 00152 0.0061 a0115 00164 o018z -00162 80287 0.0081 -0.0052 00039 1%e4 01297
1965 00332 00075 00145 0.0342 0077 00486 00134 0.0225 6.0320 00273 00088 00090 1965 3.0906
1966 0.0049 001719 00218 0.0205 -10541 - 0161 -0.0135 -0.G778 -0.0070 D.o4a7s 0.0037 00015 1968 -3.1309
1967 00782 0.0020 00394 00422 -0.0524 aois 0.0453 08117 00328 -0.0297 0.0011 00263 1967 0.2009
1968 -0.0438 00372 00094 00819 o012 0.0091 -0.0185 0gis $.0385 306072 00480 00416 1968 00766
1659 -0.0082 -0.0474 00344 00215 -90022 -00&856  -00802 05407 -00230 00442 -00353 -0.0187 1989 -3,1136
1970 -0 0765 00827 0o01s  -00905 -0061C -0.0500 00733 0.0445 00330 -00114 00474 00568 1970 2.0010
1971 0.0400 0.0095 0.3368 0.0354 30407 aoony 00411 00369 0.0070 0.0432 -0.0017 00847 197 01063
1972 0.0795 0.0253 0.00849 0.0044 0.0156 -0.0202 0.0023 0.0345 -0.0049 0.0093 00456 00718 1972 01579
1973 00N -0.0375 -0.0014 -0.0408 -0.0188 -0.0066 0.0380 -0.0367 G040 -0.0013 -0.1139 0016 1973 -0ar3r
1974 -0.0100 -(1.0036 -(0.0233 -0.03%1 -0 0338 -0 0147 -0 Q778 -0.06038 -0.1188 31630 -(.0532 -(.0202 1974 -0.2972
1975 01228 00839 ooy 0.0473 00447 00443 00877 -0.0213% 00340 00elG 0.0247 00115 1975 0.3155
1976 01183 -0.0174 0.0307 -0.0110 -0 0144 00409 -0 0081 -0.0051 00226 -0.0222 -0.0073 0.0825 1975 01915
19%7 -0.05048 00217 08140 0.0002 -0.02386 00454 -0.0162 -(.0210 -0.0025 -00434 0270 00028 1977 -0.11680
1978 -G 0615 -0 0248 00248 0.0854 noo4g  -0.0181 00539 00269 -0O073 -00918 00168 00149 1978 0.0106
1979 0.0397 -0.0365 0.0552 00077 -(.0263 00ary 00087 0.0631 Q0000 -3.0686 00426 00e8 1979 01251
1980 Q0576 -00044 -01018 00411 0.0465 0.0270 0.0650 0.0058 $.0252 00160 01024  -00339 1980 0.2577
1981 -0.0457 0033 0.0360 0.0235 Qom7 00104 00022 00621 -3.0538 0.0497 0.0366 -0.030 1981 0.09%3
1982 -00175 -0 0G0 -00101 00347 -0.0388 -0.0204 -0.0229 01160 40076 01104 00361 00152 1982 01476
1983 0.053 001480 0.0331 0.0748 -0.0122 003852 -0.0330 0.0113 o009y -3.0148 00374 -0.0088 1983 01727
1984 -0.0092 -0.0389 0.0135 00055  -00584 00175 -00184 01083  -00035 -000M 0015t (0224 1984 0.0140
1985 0070 0.0086 -0.0029 -0.00486 0.05141 ama2t -0.0048 -0.0120 -3.0348 a.0426 Q.08 0.0451 1985 0.2633
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Appendix A-3

Large-Capitalization Stocks. Capital Appreciation Refurns

From 1926 to 2016

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year Jan-Dec’
1986 00024 0.0715 00528 0.0141 0.0502 00143 -0.0587 0.0712 -0.0854 (0540 no2is 00283 1886 3.1462
1987 01318 0.0369 00264 -0.0115 8.0060 00479 00482 00350  -00242 02176 -0.0853 00729 1987 0.0203
1988 0.0404 00418 -0.0333 0.0094 00032 00433 -00084  -D.0386 0.0357 0.0260 -00189 00147 1988 0.1240
1989 0071 -00289 00208 0.0501 00331 -00079 0.0884 00155  -0.0065  -00252 00185 00214 1988 0.2725
1930 -0.0688 0.0088 00243  -00268 00SzC 00089 -00052 00943 00512 00067 0.0699 00248 1990 -0.0656
1991 0.0415 00673 00222 0.0003 (.0386 -1.0479 3.0449 00196 -0.0719] G018 «(.0439 01116 1991 0.2631
1992 -0.0199 0.0098 00218 0.0279 00010 00174 00334 -0.0240 0.0091 J.0020 0.0383 aomgr 1992 4.0446
1993 00070 0.0105 00187 -0.0254 o227 00008  -0.0083 0.0244 -0.0100 4.0194 -0.8129 0.0101 1993 2.0706
1994 00325 -00300 -D0457 00118 goiz4 00268 0.0315 00376 -0.0269 00209  -00395 00123 1994 -0.0154
1695 0.0243 (.0381 0.0273 0.0280 00363 oo213 08318 -D.C003 00401 -0.0050 00410 00174 ¢85 03417
19986 00326 00069 0.0079 0.0134 0.0229 0.0323 (0.0457 00188 0.0542 0.0261 00734 00275 1996 0.2026
1997 0.0613 0.0059 -0.0426 (1.0584 10585 (10438 0.0781 -0.0574 00532  -30345 (L0448 00157 1997 0.3101
19498 0.moz 00704 0.0499 0.0091 -0.0182 00384  -0.0118 -0.1458 0.0624 3.0803 0.058% 00504 1998 {12667
1999 00410  -D0323 00388 00379  -0.0250 00544  -00320 -00063 -0028 30825 09188 00578 1999 0.1953
2000 -0.0803  -00201 00957 -00308 -00219 00229 -00183 0gROT  -0.0835 -00M49 00837 00041 2000 -3.1074
2007 00348 00923 -00Q642 0.0768 00051 -00250 -00108  -00541 -00B17 cog? 00752 00076 2007 -(.1304
2002 {0.0156 0.0208 Q.o3e7 00614 -0.0091 00725 00750 (0.0049 0160 3.0864 0.087) 00803 2002 Q2337
2003 ~0.0274 -0.0170 0.0084 0.0810 4.0509 00113 0.0162 0079 -0.0119 0.05650 0.0071 00508 2003 3.2538
2004 0.0173 0.0122 -00164  -00168 {10121 g0igs  -00343 0.0023 0.0094 3.0140 (.028s 00326 2004 0.0899
2005 -0.0253 00188 00191 -0.020 00300 -0 0061 00380  -00112 anoss  -o01v7 083582 -00009 2008 0.0300
2006 00255 00005 0o 00122 £.0309 0.08C7 0.0657 0.0213 0.0246 ¢03s 0.01865 00126 2006 01362
2007 00141  -00zi2 0.0100 0.0433 00326 0078 -00320 ggize 0.0358 00148 00440 -00086 2007 003253
2008 -0.0612 -0.0348 -0.0060 0.047% 00107 -008sC  -0.0C99 00322 -00908  -0.1694 -0.0749 00078 2008 -J.3849
2009 -0 0857 -0.1099 00854 00938 .0531 Q0ce2 ara 0.0336 00357 -00198 00574 Q0178 2009 02345
2010 -0.0370 0.0285 0.0588 0.0148 -0.082C -0.0539 0.0688  -0.0475 0.0876 1.0364 -0.0023 00853 2000 01278
2011 00228 00320 -00011 00285 -0013% -00183 -00215 -00568 -00718 01077 -0.0081 0oo8s  z011 0.0000
2012 0.043¢ 0.0406 00313 -0.0075 <0627 0039 001286 00188 5.0242 -0.01498 poeze ooo7r 2oz 01341
2013 00504 00111 00360 00181 00208 -00150 00495  -00313 0.0297 0 0446 00280 00236 2013 0.2960
2014 -0.0356 0.0431 0.0069 0.0062 00218 00191 -(.0151 00377  -0.0165 0.0232 0.0245 Q0042 2014 01139
2005 -0.0310 00549 00174 0.0085 goios -00210 0097 -00626  -0.0264 0.0830 00005 -00175 2015 -0.0073
2016 -0.0807 -0.0041 0.0680 0.0027 a0152 Q.0009 00356 00012 -00012 -0.0194 0.0342 00182 2016 0.0954
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Appendix A-4

Small-Capitalization Stocks: Tetal Beturns
From 1826 tc 2016

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year Jan-Dec’
1926 0.0699 -0.0639 -0.1073 00175 -(10066 00378 gonz 0.06256 -0.0001 ~03.0227 0.0207 0.0332 1926 a.0028
1927 0.0296 0.0847 -0.0548 0.0573 00734 -0 0303 00516 -0.0178 J.0047  -0.06ES a.o8os 00316 1927 0.2210
1928 00482 -0 0238 0.0531 0.0910 00438 -0.0842 0.0059 0.0442 £.0840 J027e 01147 -00513 1928 0.396%
1929 00038 00028 00200 00306 -01336 00533 00114 00154 50922 -0.2768 01500 -00801 1929 05136
1930 01293 00643 0.1007 -0.06498 -10547 -0 2168 0.0301 -0.0166 -{11459 -(3.1097 <0.0028 01766 1930 -3.3815
1a3t 0.2103 0.2566 -0.0708 0.2164 01379 01819 -0.0557 -0.0783 .3246 0.0770 -0,1008 -0.2196 19N -0.4975
1932 01019 0.0291 -0.131 -0.2220 -0.1193 00033 .3522 07346 -0.1320 -0.1778 -0.1227 -0.0492 1932 -0.0539
1833 -g0083 -01278 01118 05038 0.6339 02617  -0.0850 00924 -0.1895 -0 1236 00654 00055 1932 14287
1634 0.33891 00as 00012 0.0240 -01278 -00024 02259 01546 -30167 0.00a7 0.0a42 00172 1934 02422
1935 -0 0328 10592 1189 0.0791 {10024 0.0308 0.0855 0.0545 3.0357 0.0994 01412 00598 1935 04019
1936 0.3009 0.0602 0.0066 -0.1795 10272 -0.0231 0.0873 0.2270 0.0542 0.0635 0.1400 00180 1938 (1.6430
1937 01267 0.0658 00120 -0.9679 -1.0408 -018s 01235 -0.0736 -(1.2539 -0.1093 -0.1453 -01es4 1937 -3.58M
18938 00534 00343 -0 2600 02776 -3.0849 0.3498 .14499 -0.1001 -0M57 02136 -00689 Qo487 14938 2.3280
1939 -(1.0842 00707 -0.2486 00142 01088  -01042 02836 -01590 05145 00397  -0.7053 00422 1939 3.0035
1940 0.0009 00821 00632 00654 -0.3674 01051 0.0231 0.6285 2.0213 0 0548 00245  -00447 1240 -0.0516
1941 0.0025 -(1.0288 0.0319 0.0665 00045 00753 02165 0.0080 -0.0469 -0.0672 0.0495 01204 1941 -0.0300
1942 01894 ~0.0873 -0.0709 -0.0353 -0.0032 0.0336 0.0737 08325 0.0912 D08y -0.0811 00413 1942 (.4451
1943 02132 0193 01445 0.0933 (1158 -00083 -0.1083 -0.600% 00428 20123 -0.1113 0.1241 19473 0.8837
1644 0.0641 0.0295 0.0744 -0.0832 00740 01384 -0.02%4 0g3g -0.0020 -GO0108 0.0499 0869 1944 05372
1945 0.0482 01009 -0.0881 Q1157 G.0500 00855 0.085% 0.0857 0.0879 corl 01172 aQ171 1845 3.7361
1946 01862  -00837 00273 0.06%6 00581 -00462 -D0530 -00849 -01803 -00U18  -0.0147 00373 1944 -0.1163
1947 00421 -0.0041 -0336 -0.10317 -(.0534 00552 00789 ~0.0037 0.0115 3.0282 -0.:0303 00359 1947 3.0092
1848 -00154 -00783 00926 00368 0.1059 a.0c48 -0.0678 00006 -00526 20647 D116 Qooeg 1948 -N.o211
1945 0.0182 -0.0481 006249 -0.0336 -(1.0b64 -0.0086 0.0671 0.0256 00489 0.0472 0odie 00690 1948 01975
1950 0.0492 00221 -00037 00417 00255 -00777 0.0591 0.0530 (.0521 -0 0089 00322 00953 1950 0.3875
1951 0.0830 0.00&1 00477 0.0367 -0033 00529 00373 0.0805 Jo021s Q0z22 00083 00044 1957 Q0780
1952 00191 -0 0200 04175 00819 0.0032 00272 00112 00006  -50167 -0 0103 00485 00160 1952 00303
1953 0.0409 0.0269 -0.0067 -0.0287 0.014 -0 0486 0.0162 -0.0628 00262 0.0292 00126 -0.0266 1953 -0.0649
1954 0.0756 (1.0094 00783 0.0140 00451 o00es 0.0808 0.0014 0.0410 2.0068 04779 01112 1954 0.5058
1955 0.0201 0.0479 0.0085 0.0150 00078 0.0293 (3.0064 -0.0028 (4.0109 -0.01706 00468 00168 14855 0.2044
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Appendix A4 311}

Smiali-Capitalization Stocks: Total Returms

From 1926 to 2C16

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year Jan-De¢’
1956 00047 0027/8 00431 00047  -00398 | 00086 | 00283 -00134  -00260 (0104 0003 00038 1956 00478
1957 00236 -00200 00T 00243 00075 00073 -00060 -00386 -00452 -0.0832 00113 -00481 1957 -0.1457
1958 01105 -00170 00471 00376 00387 00324 00492 00428 00518 00407 00496 00313 18568 06459
1959 00575 00295 00027 00117 00014 -00042 00327 00088 -0D0431 00227 00222 00822 1959 0.1640
1960 00306 00050  -DO35 -00187 00208 00340 -0.0189 00526 -00738  -0.0400 00437 00332 1960 -0.0329
1967 0.0915 00589 00818 00127 Q0427 00543 0.003] 00130 -00339 00262 00613 QOGT 1961 0.3208
1952 00136 0087 00057  -00777  -01009  -00785  0.0783 00289 -00B59  -0.0373 0248 -00089 1962 -0.1190
1953 00205 00034 00149 00312 0043 -00118 00033 00517 -00163 00236  -00106 00048 1963 0.2357
1954 00274 G035 00219 00093 O0IAT 00153 00398 -0C029 00402 00208 00017 <0812 1964 0.2352
1985 00529 00390 00238 00509 00078 -0.0001 0.0449 00595 00347 00572 0037 00622 1965 54175
1956 00756 00311 -00192 00343 -DO8GT -00012  -00012 <0080 -0.0164 D007 0.0497 00085 1966 0,070
1957 01838 00450 00615 00271 -00085 09017 00951 00020 00866  -0.0311 00117 00985 1967 0.8357
1958 00154 -00708 -00709 01461  £0989 00030 -00345 00367 00599 00030 00764 00087 1968 (.3597
1969 00186 -00990 00396  003%5 00173 01165 -01070 0732 -00261 00610 -00857  -0.0887 1969 -0.2505
1970 -COB08 00287 00288  -D172 03031 -00929 00554 (00943 0708  -00706 00137 00726 1970 -0.1743
1971 01892 00317 00864 00247 00605 00319 0053 00883 -00226 -0.065) 00373 01144 197 01650
1972 01130 00296 -00743 00128 -00191  -00305 -0.0413 00186 -00349  -0.0175 00892 -0.0214 1972 00443
1973 00437 -00799  -00208  -00621  -00811  -00290 03194  -0044h  0a0e4 Qoo4 01962 -Q0014 1973 -0.3090
1974 01376 -00085 -00074  -00464 -00783  -D0147  -00219  -D0A8T  -0DE58 01063 00438 00788 1974 -5.1995
1975 D2767 00285  DOBIE 00531 00663  0OY50 00254 00574 D082 00080 00320 00197 1978 0.5282
1976 02684 01390 -00015 -00358 -00361 00450 00045 00290 00104 -0.0209 00404 07180 1978 0.5738
1977 00450 00038 D013 00228  -00028  GO77Z2 00030 -00107 00082 -00330 01088 00081 19F 0.2538
1978 -G0180 00347 01032 00788 00820 -00189 00884 00928 00022 -02427 00732 00168 1978 0.2346
1979 01321 -00282 01120 00387 00038 00477 00171 00756 -00344 <0114 00888 00888 1879 0.4346
1980 00836 -00284 01778 00594 00750 00452 01323 00804 00418 00333 00766 -00338 1980 0.3988
1981 0.0207 00094 00943 Q0887 00422 00076 00315 00684 00733 00742 00276 -00220 198 £.1388
1982 00166  -00295 -00086 00383 -00248 00159 -00015 00698 00327 01308 00779 00132 1982 02801
1983 00628 00712 00525 00767 00870 00248  -0DO00B8  -00197 00133 -DO0S68 0086 -0.0745 1983 0.3967
1684 -0No08  -00845 (0174 -00085 -00521 00800  -00420 00998 00027 00217 -00836 00750 1984 -0.0667
1985 01066 00272  -00214  -00174 00276 00106 00260  -00077  -00544  0.026] 00620 00470 1985 0.2466
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Appendix A-4

Smail-Capitalization Stocks. Total Returns

Fram 1926 1o 2016

“Compound annual retum

2017 SBBI Yearboak

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec  Year Jan-Dec’
1986 00172 0.0719 0.0477 0.0064 0.0366 0.0026 0.0710 00218  -G.0559 00345  -0.0037 00262 1986 5.0685
1987 0.0943 0.0809 00233 -00313  -0038 0.0266 003864 00287 -0.0081 -02919 00387 00820 1987 -(2.0930
1988 0.0556 00750 0.0408 00208 -00179 gosi2  -00025  -0D0Z46 00227 -0.0123  -0.0437 00394 1988 gz287
1988 00404 00683 00358 00279 00362  -0.0201 0.0407 00122 00000  -00604  -0008T -00134 1989 8108
1930 00764 ooar 00368  -00266 00561 001a4 00382 01296 20829 00572 0.0450 00194 19490 0.2156
1991 0.0841 01173 00680 0.0034 00334  -0.0485 0.0407 f.028] 0.0032 0037 -00276 00801 1897 5.4463
1992 01128 (.0452 00248 00403 00014 -0.0519 00370 00225 o3 0.0259 (.0888 00447 1992 0.2335
1993 00343 -0.0180 00289 -0.0306 00342  -0.0038 0.01686 0.0338 0.0316 00471 -0.0175 00794 1993 0.2098
1594 00618  -00023 -0%446 000e0  -0oM2  -00282 0.0184 0.0337 50105 gons -00326 0000z 1994 EAVCRR
1995 0.0283 0.0252 00745 00352 00298 00sea 00845 0.0358 00198 -0.0487 00192 0.0239 1295 (.3446
1996 00028 00369 00228 0.0848 10748 00882 0.0943 (.0476 4.0291 00175 0.0288 00204 1996 01762
1997 00420 -0.0206  -00490 -00276 {4.1022 (.0498 0.0605 (.0509 gosas -00386  -0.55 00T 1887 3.2278
15498 -0.0059 0849 0.0481 00168 -00497 -00206  -0.0871 -0.2010 0368 0.0356 0.0758 00252 1998 00731
14994 00279 -00887 -0087¢ 0.0948 0.0387 0.0568 00092 -00191  -00220 -3 0087 30977 013137 1999 8.2979
2000 0.0595 02358 0075 -0.12681 -006808 01388 -00322 00925 -00217 -00706  -0.1110 00188 2000 -6.0359
2001 01380 -00702 00480 0.0731 0.0%60 00359 -0.0254 -00295 -C.1278 00645 00674 00672 2001 Q2277
200z 0011} Q0277 (1oe8d 00243 -00273  -00386 01448 0.0057 G.0874 0.0257 0.0836 0.0429 2002 -0.1328
2003 -00223  -0.0288 SReER N 0.0928 01162 0.0440 0.0738 00473 {.0009 0.0894 0.0430 00277 2003 G.6070
2004 0087 0.0G50 05014 -0.0408 0.0000 00441 -0.8747 061562 .0501 .0184 0.0897 0.0458 2004 1839
2005 -0.04%0 00083 -00323 -00822 00603 00452 00763  -D0I39 0.0061 -0.0287 0.0453 00078 2008 0569
2006 0094 0.0025 00455 00041 -0.0589 0.0089 0.0345 0.0278 $.0056 00545 0.0225 00161 2006 gasy
2007 00115 -0.0050 00102 00150 00315 -00033 -00851 00116 c0l4s 00170 00842 -0000s 2007 -0.0522
2008 -007d  -0.0314 0.0031 0.0207 (0.0398  -0.0905 0.0448 0.0338 -0073r  -0.2071 -0.1284 00866 2008 -3.3672
2009 0191 -013% 00958 01739 0.0343 0.0276 0.0%82 00273 00576 -DO727 oore 0089 2009 0.2809
2010 -0.0294 00439 0.0808 ooyzr 00742 D072 00714 -005798 G.1216 0.0434 010424 00818 2010 03126
2011 -0.0109 00587 00325 00168 -00192 -00216 -00268  -00893  -0.1088 01542  -0.0060 oo08s 2011 -3.0326
2z 0.069¢6 0.0191 0.9298 00142 00697 00512 0.0081 0.0312 3.0479 0.0205 000494 0o38g 2012 Gigz4
2013 00568 00110 00487  -00079 00518 0.0046 0.0747 -0.0348 3.0705 00348 0665 06189 2013 04507
2014 -.0443 0.0421 00097 00341 0.0Mmo 00434 -0.0584 00454 -0.0569 0.0652  -0.0075 00337 2014 00292
2018 -0.0490 0.0603 00229 -00185 omag 00163 -00244  -00443 -0.0430 0.0603 00284 -00490 2015 -0.0360
2016 -0.0680 0010 0.0708 0.0108 o010 00017 0.0802 00159 goo7z  -0.0383 0.1319 03406 2076 3.2565
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Appendix A-5

Appendix A-H (13}

Leng-term Carporate Bonds: Total Returns
From 1926 to 2015

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year Jan-Dec’
1926 Q.0072 0.0048 0.0084 0.0097 00044 00004 8.0057 0.0044 {.0057 (.0097 0057 0.0056 1826 0.0737
1627 0.005¢6 0.0069 0.0083 00085 000N 30043 00003 0.c0e3 00149 0.0058 0.00868 00068 1627 30744
1928 00027 00068 00041 00014 -00078  -0.0024 -0.0010 0.0083 0030 00083 -00038 QU084 1928 30284
1929 0.0043 0.0030 -0.0087 n009 00048 -0 0040 Q3020 0.0020 J.0034 0.0073 00018 007892 1629 80327
1930 00059 00372 00138 0.0084 0.0057 [SRERR 1] 0.0656 a.0136 o008 0.0064 00012 -0.0060 1830 2.0798
1931 0.0203 0.006e8 00044 0.0067 a0z 00052 0.0052 0.0012 ~(1.0014 -.0363 00789 00286 193 G085
1932 -0.0052 -0.0238 0.0356 0076 0.0107 -0.00049 0.0043 0.0436 23,0301 0.0074 0.0073 00739 1932 2.1082
1933 00547 -D0523 00047  -0009% 0.0588 00190 0.0161 00093 -C0014 Q0040 00248 00257 1933 21038
1634 0.0257 (1.0146 00187 0.0104 0 0080 00158 00047 0.0047  -00081 aonz 00129 00101 1834 51384
1935 0.0211 0.0141 0.0043 00112 0.0042 g0z 011 0.0042 .0000 0.0042 00069 00083 1335 0.0961
1936 0.0082 0.0054 Q0082 0.0026 1.0040 00082 00011 0.0067 0.0067 2.0025 [SRERES) 00010 1835 00674
1937 00024 -0.0046 00114 0.0068 0.0040 0.0083 0.0039 -0.0077 20025 0.0067 0.0067 00067 1837 30275
1938 00038 00210 -00087 00138 a001¢ 0.0085 0.0066  -0.0019 50109 40080 00037 00122 1438 30813
1929 0.0022 0.0064 0.0022 0.0064 00049 00035  -00007 -0.039% 30151 0.0237 0007 00078 1838 0397
1840 00049 0002 0004 00092  -00021 0012t 0.0027 0.0007 $.0092 00049 000863 -000283 1840 00339
1941 0.0006 0.0008 -0.0022 0.0078 00049 00083 00063 0.0034 3.0048 20034 {10094 00006 1940 00273
1942 0.0006 -0.0008 0.0063 0.0006 40020 0.0034 0.0020 0.8035 0.0020 0.0006 0.0006 00049 1242 0.0260
1943 0.0049 0.0006 0.0020 0.0048 10042 00048 0.0019 0.Giie £.0005 -0.0009 -0.0023 00649 1843 .0283
1644 0.0020 0.0034 (.0048 00034 40008 oaoz2o 0.0034 0.0034 0.0019 1.0019 00048 00749 1644 c0473
1945 00076 00048 0008 00018 4.001 00032 -0.001 0.0004 0.0032 00032 0.0032 00133 1945 g

1946 00122 0.0034 00034 -00043 a0019 go1e  -00C12 -0C0E8 -0.0026 0.0020 -0.0028 00113 1948 00172
1947 00005 0.0005 0.0067% 00020 00020 0.0004 0.0020 -0.0071 0013 -(3.00949 -0.0008 00024 1447 -3.0234
1948 00024 00039 0016 00038 foo0g -00083 -00052 0.8055 (0024 00024 00085 09131 1948 00414
1949 00338 0.0038 00007 0.0023 0.0038 00084 0.0099 0.0037 0.0021 n.o0oe7 0.0021 00145 18448 00331
1950 00037 00007 00022  -00008 00008 0.0023 0.0069 02038  -00039 00008 0.0054 00023 1950 g.0212
1951 0.0079 0.0044 00237 0.0008 0005 00093 00205 00114 -(3.0057 00145 -0.0087 00088 1951 -3.0269
1952 00198 -00085 Q0076  -0.0004 0.0031 00018 00016 00083 -C0018 00039 00708 -00091 1952 0.0352
1953 -(3.0080 -0.0040  -00033 -(1.0248 -0.0030 00109 omry -(.0085 00253 00227 -0.0073 1953 40241
1654 0124 00198 (.0039 -0.0034 -00042 00083 00040 Qo018 0.0040 0.0043 0.0025 H 1654 2.0539
1955 -0.0097 -0.0083 0.00497 -0.0001 -0.0018 00029 -0.0041 -(.2038 0.0076 1.0078 -0.0030 00063 1955 0.0048
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Appendix A-5

Long-term Corporate Bonds: Totsl Returns

From 1926 to 2015

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year Jan-Dec’
1956 0.0104 Qo026 -00746 -0.0115 40052 00018 00093 -0.0208 0001z -00105 -00126 -00082 1958 -0.0681
1957 0.0197 0.0003 0.0050 -0.0066 -0 0078 -0 0322 -30110 -0.0009 0.0095 {.0023 0031 00885 1957 0.0871
1958 00098 -00008  -0D0046 00163 00031 -00638 -00153 -00320  -0.0096 90107 Q0i0s  -00058 1888 -0.0222
14959 -0.0023 001ze -0.0083 -0.0172 Q0114 00044 00089 -00088  -(.0088 00168 0.0135 -0.0096 1959 -0.0097
1960 a010? 0.0128 00797 -0.0022 -D.0021 o014 0.0257 Q017 00063 3.0008 -0.0070 00104 1960 0.0907
19561 0.0148 Q.0210 .0028 Q01e 60044 -0 0080 00040 0008 00144 0.0127 00028 -0.0026. 1961 0.0462
1982 0.0080 0.0052 0.07151 0.0142 30000 -0.00286 -0.0015 0.0143 0.0089 0.0063 0.0062 00023 1962 0.0795
1963 00059 00023 00026 QG031 J.0048 0.0043 g.oo2e 00035 -0.0023 30049 00015 00034 1963 00219
1664 0.0087 00054  -0.0082 0.0040 00057 00048 00052 0.0037 0.0021 00050 -0.0004 00088 1964 20477
1955 00081 0.0009 00012 20021 0.0008 0.00C3 0.00719 (L0006 0.0015 3.0045 0.00867 00149 1965 -(.0046
1966 0.0022 -0.0133 -0.0059 Q.03 -0.0026 00020 -(.0098 -0.0259 G.0078 30767 -0.0020 048201 19eb 0.0020
1967 00450 00207 00117 -00071  -D0254 -0.0223 0 00041 -00007 00094 -00ZBT -00272 00127 1967 -0.0495
1968 00361 o037 -007197 0.0048 0.0032 00122 0.0341 00206 -G0083 0016 -DO0226 -00233 1968 0.0257
1969 0.0129 -0.0160 -0.0200 0.0335 -00227 00035 00005 -0.0020 -0.0244 0127 -0.0477 00134 1969 -(.08209
18970 04 00401 -0 0048 -0.0250 -0.0163 a.00CH 0.065% 0.0100 c0139 -3 0096 Q0584 Qo372 1970 01837
14971 0.0832 0.0368 00258  -0.0238 amal oaicy -0.0025 0.0554 00102 0.0282 0.0029 00223 197 o
1972 -0.0033 ooor 00024 0.0035 0.0163 -0.0068 0.0030 00072 0.0031 g.0107 0.0249 -0.0004 1972 0.0726
1973 -(.0054 0.0023 0.00456 0.0061 -(3.0038 -0.0056 -0.0476 0.0356 0.0366 -1.0066 Q.0ar8 -0.0089 1973 0.0114
1874 -0.0053 0.0008  -00307 -00341 a0 -00285 -00271 -0.0258 00174 0.0885 a1y -0007s 1974 -0.0306
1975 00896 0.0137 -0.0247 0.0052 0.0108 0.03C4 -0.0030 0.0175 00126 0.0553 -0.0088 00442 1975 0.1464
1976 00182 0.0061 00187 -0.0015 -0 0103 QO1E0 035149 0.0231 00167 2.0073 00379 00347 1976 0.1865
1977 -003203 -0.0020 04094 00100 001086 001vs ~0.0005% 0.0136 -0,0022 -0.0038 00087 -0ot0s 1497y 0N
1978 -0.0089 0.0051 o4z -00023 -00108 0.0023 amo 0c257 -0.0048  -00205 00134 -00133 1978 -.0007
19749 00184 -poiz 0.0107 -0.0052 {0228 0.0269 -0.0031 0.0006 -0.0179 -0.0890 0.0222 -(.0108 1979 -(.0478
1980 -00645  -00665 -0.0082 01376 3.0560 0.0241 -00429  -00445  -0.0237 -00159 Q0m7 00248 1980 -0.0276
1981 0.man {0269 0.0311 0.0764 Q0595 00023 00372 0.0345 00189 0.0821 01267 0.0880 1981 00124
1982 -00129 00312 00306 00338 00245  -0.04068 0.0540 0.0837 0.0623 30759 0.0207 00108 1982 0.4256
1983 -(1.0094 0.0428 00077 0.0548 -{1.03724 -0.0046 -0.045% 0.0051 0.0392 -0.0025 0.0142 -0.0033 1983 0.0626
1984 00270 00172 -00235  -00073  -00483 0myg 10R84 00307 0.0314 0.0572 00212 00128 1984 0.1686
1985 0.0325 -0.0373 0.0179 0.0296 Q.0820 aooe3s  -00121 0.6280 0.0071 0.0329 0.0370 00469 1985 0.3003
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2017 SBB Yearbook Aopendix A-5 (15)

Appendix A-5
Long-term Corporate Bonds: Total Returns
From 1926 to 2016

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year Jan-Dec’
1986 00045 00752 0.0256 0.0016 00164 0.0218 0.0c31 00275 0.0174 0.0189 0.0233 Q7117 1886 514985
1987 0.0216 Q.0058 -0.0087 -0.0502 -.0052 0.0155 -0.0119 -(0.8075 -0.04272 0.0507 0.0125 00272 1987 -0.0027
1988 00517 0.0138 -0.0188 -0.0149 -0 0057 g 0379 -001 0.0054 0.0326 0.02732 -0.0169 00033  19gs 21070
1989 o002 -00129 0 u0s4 00213 00379 0.0385 00178 00183 5.0040 002786 0070 goooe 1089 0.1623
1990 0.0191 -0.0012 00011 00191 00388 g0216 00102 00292 C.00N 0.0132 0.0285 Q36T 19490 00678
1991 0.0150 0.0t 00308 0.0138 {.0039 -0 0018 00167 00275 a.020 0.0043 0.0106 00436 189 3.1989
1982 0.0173 Q.0096 -0.0073 0.0016 00254 00156 00308 0.0090 0.0099 0.0156 0.0069 00228 1eg? 0.093%
1983 0.0250 0.0258 0.0025 0.0052 g.aoze 0.0293 0.0100 00287 0.0043 0.0087 -0.0188 0.0067 1993 01319
1964 00202 00286 -00383 -00087 -D0062  -0.0081 00308  -02031 -0.02865 -0.0080 00018 00157 1994 -0.0576
1995 0.0256 0.0289 0.00495 0m7s J 0637 ooore  -0O101 08214 00153 0.0188 0.0242 00228 1695 $2720
1996 00074 -0.0373 -0.0130 0.0160 J.0008 00172 00610 -0.6070 0.0259 0.0367 0.0263 -00186 1996 3.0140
1997 -0.0028 0.0028 00221 0.0184 00128 ooey 00528 -0.6240 0.02206 0.0197 007183 00363 1997 .1245
1998 o013y -0.0007 00038 0.0063 0017 00115 -0.0056 0.008BY 0.0413 -0.0190 0.0270 00870 1898 0.1076
1949 00123 -0.0401 05002 -0.0024 -N0178 -0.01860 -0.0113 -000%6 0.0093 Q0047 -00024 -00102  194g -3.0745
2000 -0.0021 0.0062 0Oi68 -0.0115 -0 0161 00326 Q0179 3135 J.0046 0.0045 0.0263 03270 2008 g.1287
2001 00359 00127 -0002¢ -00128 o013z 0.0085 0.0361 Qo157 -00152 00437 00188 -00090 2000 31065
2002 0.0178 0.0130 (.25 00253 a3 00073 B.0C94 D.0452 00330 -0.0240 0.0103 agasl 2002 216833
2003 0.0021 0.0264 -(.G0R0 0.0229 0.0471 -0.0142 -0.088? G219 0.0503 -0.0203 0.0052 00739 2003 3.0527
2004 o087 Q01v8 00118 -0.0534 -0.0071 000493 0.03184 04395 .01 00164 -0.0200 00257 2004 0.0872
2005 00277 -0M112 -0}25 0.0327 00288 0047 -0.0244 08233 -00310 -0.0204 (0.0099 00225 2008 S0587
2006 00093 00128 00404 00224 0.002¢ 0.0039 G.0237 0.0381 20183 omz? 0.0246 00232 2006 20324
2007 -0.0051 0.0287 -0.0231 00140 -goi7e -00748 -0.0032 00152 00135 0.0088 0.0079 00028 2007 0260
2008 00atye -0.0071 -0.0059 0.0091 00277 -0.0061 -0.0109 0.G12% -0.0863 -0.0450 01174 01560 2008 80878
2009 00849 -00308 -00M18  -00030 0.0489 0.0350 Q.0565 0.0235 5.0273 Jome 00044 -00275 2009 30302
2010 00096 0.0039 0.0045 0.0357 -0.0051 0.0519 o010 0.0473 -0.0744 -0.0202 -(.0087 -0.0036 2010 01244
2011 -0.0198 00157 -00072 00239 0.0257 -0.0210 .0473 0.8240 0.0575 00094 -0.0356 00512 20M1 0.1795
20z 0094 Q.0057 0.2303 0.0251 00344 00084 00812 0.0098 -0.0126 0.0206 0.0082 00062 2012 41068
2013 -00313 00093 -00018 00349 00836 -00371 0.0031 -0.0074 00014 00217 -0.0086 00002 2013 -30707
2014 0.0331 0.0168 0.0062 0.0160 00188 00020 00024 0035  -002n 0.0225 007173 00183 2014 01728
2015 00599  -0.0320 00058  -00223 -00204 -00320 00239 -0.0087 00133 0.002¢ 0.0020 00000 2006 -0.0102
2016 00067 0.0232 0.0423 00146 0.0016 00377 0.0245 000i6 -00119 -(.0263 -0.0570 00059 2006 0.0870
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Appendix A-6

Long-term Government Bonds: Total Retumns
From 1926 tc 2016

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year Jan-Dec’
1926 0.0138 Q.0083 0.0011 0.0076 00014 0.0038 0.0004 0.0000 2.0038 20102 0.01e0 Q0078 1926 RTINS
1927 0.007 0.0088 00253  -0.0005 00109 -0 0089 0.0050 0.0076 0.0018 0.0099 0.0097 Q0072 1827 0.0893
1928 -0 0038 0006t 00045 -00004  -0.0077 aoo4y 00217 00076 -0.0041 00158 0003 0gnbd 1828 0.0010
1929 Q0090 0B 00744 00275 00162 cono 00000 -00034 .00z8 0.0382 0.0236 02089 1929 (.0342
1930 00067 a.0129 046083 -00016 00140 0.0087 0.0034 0.0013 0.0074 0.0036 00042 00070 1830 {J.0466
1931 -0.0121 (.0085 0.5104 0.0086 00145 00004 -0.0042 0.corz  -0.0281 {10330 Q.0027 00220 193 00631
1932 0.0034 00413 -00018 00804 -00188 00085 0.0481 0.0003 Q.oosT -0.0017 0003z 0.0131 1832 0.1684

1933 00148 00258 00097  -00032 0.0303 00050 -08e7 0.0044 00023 -00097 -00148  -007133 1933 -0.0007
1934 0.0257 g.0c81 00797 00126 00151 000e7 00040  -001718 -00746 0.0182 0.0037 0piiz is4 8.1003
1935 00182 00092 00041 0007e 00057 00082 00C40 -0.0133 0.0009 (0.0061 0.0070 00070 1855 104498
1836 0.0055 (.0o81 08706 0.0035 00048 00021 0.0060 001 -0.003 0.0006 0.0205 00038 1436 00752
1937 G003 0008e 0002 0.0039 00083  -0.0018 00138 -0.0104 0.0045 2.0042 0.0096 00082 1937 2.0023
1938 0 0057 00052 -00037 0.0210 0.0044 0.0004 0.0043 0.0000 00022 pons7  -00G22 0gge0 1938 0056323
1939 0.0059 0.0080 00125 00118 Q0171 -0 0027 00113  -00201 -D.0545 0.0410 00162 08745 1939 0.0594
1940 -000%7 0o0Gz7 00177 -000358 -0.0299 00258 0.0052 0.0028 0.0110 00037 00205 00Ge7 1940 0.0609
16947 Q.0201 0.0020 0.809 0.0129 ooz 0.0066 0.0022 gools -0.0012 0.0140  -00029 0377 1941 0.0093
1942 0.0369 00011 05092 -0.0029 0.0078 g.0u03 0.0018 0.0038 (.0003 0.0024  -0.0035 00049 1842 0.0322
1943 0.0033  -0.0006 0.0009 0.0048 {10050 00018 -0.0001 (0.0023 0017 3.0008  -0.0007 00018 1844 0.0208
1644 0.0621 0.0032 0.0021 00613 o028 0 0Gee 00035 0.0027 00014 0.0012 00024 00042 1844 0.0281
1945 00127 o.o0r? 0.0021 0.0160 0.0056 00188 -0.0C8 0.00z6 0.0054 0.0104 00125 00194 1845 0.1073
1946 0.0025 0.0032 gooio -0M35  -00012 00070 -00040  -DCI1Z  -0.0009 0.0074  -00054 00145 194 -0.0010
1947 -0.0000 09021 00020 -00037 0.0033 0.0010 0.0663 05081  -00044  -00037 -00174 -00192 1947 -0.0267
1948 00020 00046 00034 0.0045 aomar -0boea -0.0021 0.0001 G.0014 G0007 04076 00056 1948 00340
1949 0.0082 (.0049 0.0074 0.0011 .0019 00167 0.0633 0831t 000N 0.0019 0.0021 00052 1949 (1.0645
1950 -0.0061 00021 00008 0.0030 00033 -0.0025 0.0C55 0col4 -G00VZ -GO048 00035 00016 1950 £.0006
19561 0.0058 00074 00157  -00063 000688 00082 00138 00089 -5.0080 4.0010 036 00081 1987 0393
19562 00028 00074 00N 00171 -0.0034 00003 -00C20 -0G07D 00030 cot48  -00075  -00086 1962 00116
1953 00012 -00087 -00088  -00106 -00148 00223 0.0039  -0.6008 0.0299 30074  -0.0049 00206 1958 Q.0E04
1954 0.0089 0.0240 0.0058 00104 -00087 00163 00134 -D0036  -0.0010 00006 -0.0025 00084 1954 20719
1955 -0.0241  -0.0078 0.0087 0.0001 00073 -00076  -0.0102 0.C004 0.0073 g0144  -0.0045 00037 1855 -0.0129
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Appendix A-6

Appendix A-B {17

Long-term Government Bonds: Total Returns
From 1926 to 2016

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year Jan-Dec
1956 0.0083 -0.0002 -0.0148 -0.0113 00225 00027 -0.0209 -0.0187 0.0050 -.0054 -(.0057 -08179 1958 -1.0559
1957 0.0346 0.0025 -0.0024 -D.0222 -0 0023 -00Bso -D.0041 0.0002 00076 -0.0050 0.0633 00307 1957 0.0746
1958 -3.0084 00100 00102 00186 46,0001 00180 -0.0278  -00436  -00117 00139 00120 -00181 1958 -0.0809
1959 (.0080 00117 Q5017 00117 00008 oomo 06050 00041 -3.0057 2.0150 007119 00758 1959 00226
1960 0012 00204 00282 -0.0170 u0is? amra 0.0388 -0.0057 0.0075 -0.0028 -0.0066 0.02/9 1960 31378
1961 -0.0107 00200  -00038 00115 010046 00075 0.0035 -0.0038 0.0129 0.0077 -00020 -00126  19g! a.0097
1962 -0.0014 0.0103 0.0283 0.0082 00048 -0.0078 -0.0109 0.0187 0.0061 0.0084 0.0027 00035 1962 00489
1963 -0 0001 00008 00009 -00012 f.0023 0.0019 0.0031 0.0021 00004 -00026 00051 -00006 1963 J0121
1664 -0.0014 -0.0011 0.0037 0.0047 00058 00064 00008 ncozo 0.0050 (.0043 0.00:7 00030 1cp4 0.0351
1965 0.0040 00074 0.0054 0.0036 40018 0.0047 00022 -00013 0.0034 0.0027 0.0062 00078 1965 0,007
1966 -.0104 -0.0250 0.02496 -0.0063 -(.0059 -0.0016 -0.0037 -(LG206 0.0332 2.0228 -3.0749 024313 1966 0.0365
1967 00154 -0.0221 00798 -0.0291 -(.0039 -(3.0312 0.0088 -0.0084 -0.0005 -(3.0400 -0.0197 00192 1967 -0.0918
1968 0.0328 -0 0033 00212 Qo227 20043 0.0230 00289 -0o003  -0.0102 -30132 -00269 00368 1968 -3.0026
1669 -0.020e 0.0042 0.0010 00427 -0 0480 00214 00079 -00089 -D05837 00368 -00243 00068 1969 -0.0507
1870 -G.0021 00587 00088 -00413 -0.0468 0.0486 00319 -0.0019 g0zz8 -00108 007381 -00084 1970 gi2n
1971 0.05086 -0.0163 0.0526 0.0283 -0 0006 00159 0.0030 0.04717 0.0204 g.01s7 0.0047 00044 197 41323
1972 -0.0064 00088 -(0.0082 0.0027 0.0270 -0.0065 0.0216 0.0029 -0.0083 1.0234 0.0226 -0.0229 1972 c.0569
1973 -0.0321 0.0014 0.008z 0.0046 -00108 -0.0021 -0.0433 04391 0.0318 0.0215 -0.0183 00082 1973 =301
1674 -(.0083 -0.0024 -0.0292 -0.0253 90123 00045 -DQ029 -00232 a.0247 1.0489 0.0296 am71r 14974 2.0435
1975 0.0225 0.0131 00287 00182 go212 0.0292 0.ocar 0.0088 0.0098 0.0478 00109 00330 1978 J.0020
1976 0.0090 0.0082 03166 00018 -00188 00208 00078 0C2n 00145 0.0084 0.0339 00327 1876 01675
877 -0.0388 -0.0049 00091 0.001 0.0125 0064 -0.0070 00798 00029 -100492 00093 00788 1497V -3.0069
1978 -0.0080 00004 -00021  -00005 -0.0038  -0.0082 0.0143 0021 -50106  -00200 00189 00130 1978 -0.0118
1979 0.0191 -(0.0135 04329 -00112 g.0261 0.0311% -0.0085 -06036 -0.0122 -0.0847 0.031 0.005¢ 1979 -3.0123
1980 -0 0741 -00467 00315 01823 0.0419 00359 -00476  -00432 00262 -00263 0.0100 00352 1980 -2.0335
1981 ¢011s -Q.0436 (1.0384 00518 40622 079 0.0353 -0.5386 -3.0145 (.0829 01410 -0.0713 198} 40186
1982 00046 00182 00231 00373 00034 -00223 Q.0801 0.0781 00818 Q0634 -00002 00312 1982 34036
1983 -(3.0309 0.0492 -0.3094 0.0350 -0.0386 0.0C39 -0.0486 0.8020 3.0505 00132 0.0183 -0.0059 1983 0.0065
1984 00244 00178 00156 00106 -00516 00150 0.0693 0.G266 00343 1.0567 00118 00091 1984 0.1548
1985 0.0264 -(1.0493 0.3307 0.0242 0.0865 00142 -0.0180 00259 -3.002 .0338 0.04M 00541 1985 0.3097
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Appendix A-6

Long-term Government Bonds: Total Returns
From 1926 0 2016

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year Jan-Dec’
1986 -0.0025 0.1145 Dev70 0.0080 0.0808 0.0613 -0.0108 0.0499 -0.0500 0.0289 0.0267 -00018 1986 0.2453
1987 0.0161 0.0202 -0.G223 -0.0473 -0.0108 00098 0078 -0.0185 -0.0369 0.0623 0.0037 00765 1987 -0.027
1ags 0.0666 00052 -00307  -00160  -001G2 00388 -00170C 0.0058 0.0345 {.0308  -0.0%198 60110 1988 0.0867
1988 00203 -ggi7a 007122 0.0159 0.04M 0.0550 0.0238 -0.6259 g.001s 50379 nan7e 00006 1989 0aan
1990 -0.0343 0.0025 -0.0044 <0.0202 00415 00230 Qo107 30419 oMy 0.0216 0.0402 00187 199G 00618
19491 0.0130 0.0030 0.0038 00140 0.0000 -(rL0063 00157 0.0340 4.0303 0.0054 0.0082 00581 1897 0.1930
14992 -(10324 0.0051 -1.8084 00016 00242 00200 04398 0.0067 0.0185 -0.0198 00010 0.0246 1992 00805
19483 0.0280 0.0354 0.0021 0.0072 0.0047 1.0449 0.01491 0.0434 0.0005 3.0096 -0.0259 0.0020 1993 1824
1994 00257 -00450 -00395 -00150 -00082 -001C0 0036 -00086 -00331  -00025 00068 00161 1994 -00777
14945 0.0273 00287 0.00M 0.M&9 00740 0013¢ -00168 0.g236 0.0175 1.0294 0.0249 00272 1998 a3167
1946 600N 00483 046210 00165 0.0054 0.0203 0.0018 00138 00290 00404 0.0357 00256 1996 -0.0093
1997 -(.0079 0.0005 -0.025% 0.0255 0.00495 o019y 0.0626 -0.0317 0.0316 30347 0.0148 00784 1947 01585
1998 N.0200 00072 00025 0.0026 0mez 00228 -0.0040 0.04565 0.0395 -3.0218 0.0097 -0.0032 1998 31306
19499 00121 -0.0520 -0 0008 0.0021 -0.0185 -0.0078 -0.0079 -0.0051 G.0084 -30012 -0 0081 -007155 19949 -0.08%6
2000 0.0228 00264 00387 -00076  -00054 00244 00173 00240 00157 40187 0.05373 00243 2000 0.2148
2001 0.0005 00181 -0.0074 -0.0313 0.0037 0.0085 0.037% 0206 0.0081 G 0464 -0.0471 -00183 2007 0.0370
200z 00138 DOTIs (1.0436 0.0410 00015 0.0187 02303 00464 o7 10294 00122 Q080T 2002 01784
2003 -0.0106 (.0329 -0.0135 0.0102 0.05972 -3.0154 -0.0u87 nGise 0.0546 -0.0283 0.0027 00139 2003 0.0145
2004 0.0187 0.0230 00710 -0.0588 -(10091 o2t 00185 (.0395 0.00%% 2.0154 -0.0234 00250 2004 (.0851
2005 0.0300 -0mza -0.0072 00373 Q0267 00167 -0 G288 Ne333 -(0.0338 -G.0196 00078 0.0267 2005 020787
2009 -0.018 Q0238 -0.0539 00247 g.0010 0.0092 0.0199 0.02¢ 0.M7o g.0077 0.0207 -00236 2008 0.0119
2007 -0.0102 00335 00145 00085 -00200  -00091 g gze4 00199 00012 20158 00452  -00029 2007 0.0988
2008 00213 00038 0.0106 -0.0288 -0.0164 00220 -0.0028 0.0242 0oz -3.0383 01443 0ag67 2008 (2587
2009 -0 1124 -0 0056 006M -00648 -1.0248 Q.0083 (1.0019 0023 GO7e -3017 00208 -00584 2009 -(3.1490
2010 0.0264 0.0032 00179 0.0304 0.0437 448 0.0024 0.0702 -0.0153 00317 -0.0137 -(10388 2000 03014
2011 -0 0196 00113 -000086 00198 00355 -00179 0.0422 0.0862 00704 -00306 00251 00270 2013 02710
20012 0.0002 -0.0196 -0.0302 0.0409 {0643 00136 00247 -0.0068 -1.0146 -.0014 0.0144 00202 2012 00343
2013 -0 0332 00114 -00082 00378 -0062¢ -0028% -00173 -00079 0.0061 g0128 -00236  -00207 2073 -01278
2014 0.0548 0.0074 0.0063 0.0181 00279 -0.002% 0.0057¢ 0.0369 -0.0170 .0300 0.0286 00290 2014 0.241
Z015 0.,0709 -(10523 (0.0137 -0.0250 -3 0159 -3 0268 00329 00012 00174 -0.0053 -(L.0GES -(0022 2015 -G.0065
2016 D.0478 0.0294 -0.0003 -0.0053 {.0082 0.0590 0.0081 -0.0140 -0.0124 -0.0314 -.0599 -Q.0087 20018 00175
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Appendix A-7

Appendin A- 7149

Long-term Government Bonds: Income Returns

From 1926 tc 2016

Year Jan Feb Mar Apr May Jun Jul Aug Sep oct Nov Dec VYear Jan-Dec’
1926 00031 ~ 00028 00032 00030 0O028  00G33 00041 00031 00030 00030 00037 00030 1926 00373
1927 00030 00027 00028 00027 00028 00027 00027 00029 00027 00028 Q0027 00027 1927 0.0341
1928 00027 00025 00027 00026 00027 00027 00027 00029 50027 00030 00027 00029 1928 0.0222
1929 00029 00027 00028 00034 Q003 00029 00032 00030 00032 0003 00026 00031 1929 0.0347
1930 00029 00026 00029 00027 00027 00029 00028 00026 00029 00027 00026 00028 1930 0.0332
1931 00028 00026 00028 00027 00026 00028 00027 00027 00027 00029 0003 00032 193 00333
1932 00032 00032 00031 00030 00028 00028 00028 00028 00026 00027 00026 00027 1932 6.0369
1933 00027 00023 00027 00025 00028 00025 00025 00026 00025 00026 0002 0028 193 00312
1934 00029 00024 00027 00025 00025 00024 00024 00024 00023 00027  0.0025 0025 1934 00318
1938 00025 00021 00022 00023 00023 00022 00024 00023 00023 00023 00024 00024 1535 0.0281
1936 00024 00023 00024 00022 00022 00024 00023 00023 00021 00023 00022 00022 1936 0.0277
1937 00021 00020 00022 00023 00022 00026 00024 00023 00023 00023 00024 00028 1937 0.0266
1938 00028 00021 00023 00022 00022 00021 00021 00022 00021 00022 00021 00022 1538 0.0264
1639 00021 00079 008021 00019 00020 00018 00019  0COI8 00019 00023 00020 00079 1939 0.0240
1940 00020 0008 00019 00018  0O0I9  0O00IS 00020 00019 00018 00018 00018 00017 18940 00223
1941 000 00016 00018 00017 00017 OO0 O0O00I6 00016 00016 00016 00074 00076  194) 0.0194
1942 00021 00019 00021 00020 00018 ©GO002ZT 00021 00021 00020 00021 00020 00021 1942 30246
1943 0.0020 00079 00021 00020 0ODI9  0002T 00021 00021 00020 00020 00021 00021 1843 0.0244
1944 00021 00020 00021 00020 00022 00020 00021 00021 0O0Z0 00027 00020 00020 1944 0.0246
1945 00021 00078 00020 00019 00019  QO0I9 00018 00019 00018 00019 00018 000'8 1946 0.0234
1946 00017 00075  000I6 00017  0OOI8 00016 00019 00017 00018 00019 00012 00019 1946 0.0204
1947 0008 0006 00018 00017 00017 GOSYY 00018 00017  000i18  0O0I18 00077 00021 1947 00213
1948 00020 00079 00022 00020 00018 00027 00019 00021 00020 D001 00021 00020 1948 0.0240
1949 00020 00018 00019 0008 00020 OO009 00017 00019 00017 00018 00077 00017 1949 0.0225
1950 00018 00016 00018 0006 00019  00C17  0OCIE 00018 00017 00019 0008 00018 1950 00212
1981 00020 00077 00013 00020 00021 00020 00023 00021 00019 00023 00021 00022 19E) 0.0238
1952 00023 00021 00023 00022 00020 00022 00022 00021 00023 00023 00021 00024 1952 00266
1953 00023 00021 00026 00024 00024 00027 00025 00025 00025 00023 00024 00024 1983 00284
1954 00023 00022 00025 00022 00020 00025 00022 00023 00022 00027 00023  O0023 1954 0.0279
1955 00022 00022 00024 00022 00025 00023 0023 00027 00024 00025 00024 00024 1855 0.0275
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Appendix A-7

Long-term Government Bonds: Income Retuns
From 192610 2015

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec VYear Jan-Dec’
1956 .0025 0.0023 0.0023 0.0026 00078 00023 0.0026 0.0026 0.0025 G.0022 0.0027 Q0028 1856 0.02499
1957 0.0029 (0.0025 0.00z6 0.00z% 00029 00025 00033 0.0030 .00 (4.0037 0.0029 00029 1857 0.0344
1958 00227 00525 o027 0.0026 30024 0.0027 0.0027 0.0027 0.0032 0032 00028 00033 1958 0.0327
1959 0.0031 0.0031 0.0035 00033 00043 0003a 00035 0.0035 00034 3.0035 0.0035 00036 1859 2.0401
1950 0.0035 0.0037 00036 0.0032 4.0037 00034 (.0032 08034 0.0032 0.0033 00032 00033 1860 3.0470
1961 0.0033 0.0030 0.8031 0.0031 40034 0.0032 0.0033 0.0033 0.0032 3.00234 0.0032 00031 iget 20383
1962 0.0037 0.0a32 0.0033 0.0033 (.0032 00030 0.0034 0.0034 0.0030 3.0035 0.003 00032 g2 0.0400
1963 00032 00029 00031 00034 0.0033 0.0030 0.0036 0.0033 0.0034 00034 00032 00036 1863 0.0389
1654 0.0035 0.0032 0.0037 0.0035 20032 00038 00035 0.0035 0.0034 0.0034 00035 00035 1¢64 20415
1965 0.0033 0.0032 00038 0.0033 40033 0.0038 .0034 00037 (.0035 30034 00037 00037 1865 10419
1966 0.0038 0.0034 0.0040 0.0036 00041 00039 0.0038 02043 0.0041 00040 .0038 00039 1866 2.04449
1967 0.0040 008334 00034 00035 (.0043 {10039 0.0043 0.0042 0.0040 30045 00045 00044 1867 0.0459
1958 00050 00042 00043 0.0048 6.0048 0.0042 0.0048 00042 0.0044 00045 00043 00049 14968 0.0850
1989 0.0080 00046 0.0047 0.0085 00047 00055 00052 0.0048 00055 0.0087 0.0043 00060 1869 0.0595
1970 00388 0.0052 00056 0.0054 0.0038 00064 0.0059 Q.c057 0.0056 00055 00088 00053 1870 20674
1971 0.0051 Q.0046 0.0056 0.004E 00047 00056 0.0052 0.0055 0.0050 3.0047 0.0057 00050 871 2.0632
1972 0.0050 0.0047 0.0049 (.0048 0.0055 0.0049 0.0057 0.0049 0.0047 00082 00048 0.0045 1872 {.0587
1973 0.0064 0.0051 0.0056 00057 00058 0.0085 0.0061 0.608% (G.0055 3.0063 0.0086 00060 18¥3 (L0651
1674 0.0061 (0055 (0.0059 0.0068 J0068 00061 00072 n.aoses n.oon 3.0070 0.0662 00067 1¢74 0.0727
1975 00068 00060 00066 0.0067 0.0067 0.0070 0.0c58 0.0085 0.0073 2.0072 0.0067% 00075 187 0.0739
1976 0.0065 0.0C61 0.0071 00064 00059 00073 00065 0.0089 00064 0.0061 0.0066 0.0083 1876 20789
1977 00054 0.00567 00085 0.0061 0.0067 0.0062 0.0059 0.0067 0.0061 3.0063 00083 00082 19V 00714
1978 00069 {0 0060 0.0089 0.0063 (0.0075 00089 0.0073 0.0070 50065 20073 Q4671 0.006 1678 0.0790
1979 0.0079 0.0065 {10074 0.0076 Q007 0.00671 0.0075 04073 0.0068 3.0082 0.0083 00083 1879 (0886
1980 00083 00084 00039 00100 0.0087 0.0080 0.0084 0.cost 0.0097 00097 00081 00108 1880 0.0687
1981 0.0094 0.0088 [CReER N .01 nglns 00109 00109 pono gorié a.m17 003 0000 eyl 0.115b6
1982 00108 00103 00724 g0z 0.07101 amz20 00114 00112 0.0100 40097 0.0095 00093 1982 01350
1963 0.0087 0.0081 0.0089 0.0085 00091 0.00%0 0.00R8 0.0103 G.0096 0.00495 0.00494 000494 1983 01038
16984 0.0103 0.0092 0.0098 00104 Qo103 o006 00118 0.0106 00044 0.0108 009 (.0098 1984 an7s
1985 0.0098 0.0082 0.0094 0.0102 0004y 0.0020 00094 0.0085 0.00838 4.00849 0.0087 (.008s 14985 01125
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Appendix A-7

Appendix A-7 (21}

Leng-term Government Bonds. Income Retums

From 1926 to 20106

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec  Year Jan-Dec’
1986 00079 00073 00071 00063  GO062 00070 00066 00063  0O0BS 00069 00059 00070 1885 0.0898
1987 00064 00050 00066 00065 Q0066 00075 00073 00075 00075 00079 00076 00O/ 1987 0.0792
1688 00072 00071 00072 00070 00078 00076 00071 00083 00076 00076 00070 00075 1988 0.0897
1989 00080 00069 00078 00070  0.008C 00070 00068 00086 00065 00072  000B4 00064 1989 00881
1990 00073 QD0B6 00071 0007  0O0O7S 00068 00074 00071 00069 00081 00071 00072 1S90 00813
1997 00071 00064 00064 00076 00068 00063 00076  0C068 00068 00085 00060 00068 1997 0.0822
1992 00061 00053 00067 00065 00061 00067 00063 00060 00058 00057 00081 00063 1992 00726
1993 00059 00055 00062 00057 00052 00062 00054 00056 00050  0.0049 00083 00055 13993 0.0717
1994 00056 00049 00058 00057 00063 00061  0OCG0 00086 00061 00066 00064 00066 1694 00659
1995 00070 00059 00084 00058 O0O065 00054 00056 00057 00052 00057 (0051 00049 1995 00760
1996 00054 00048 00052 00059 00058 00054 00062 00057 00060 00058 00062 00056 1995 00818
1997 00056 00051 00059 00058 00058 00059 00058 00049 00068 00054 00047 00054 1997 0.0664
1998 00048 00044 00052 00049 00042 00052 00049 00048 00044 00042 DODAS 00045 1998 0.0583
1999 00042 00040 00053 00048 00045 00055 00051 00054 00082 00050 00086 00055 1999 0.0557
2000 00057 00051 00054 00047 00056 00052 00052 0O00SO 00046 00053 00048  0.0045 2000 0.0650
2007 00049 00042 00045 00047 00050 00047 00052 00046 00041 00048 00047 00046 2001 00653
2002 00048 00043 00043 00054 00049 00044 00051 00044 00042 00040 00040 00045 2002 0.0559
2003 00041 00038 00040 00040 00030 00036  0CO88 00042 0046 00041 00039 00047 2003 0.0480
2004 00042 00038 00043 00038 00040 00048 00043 00045 00040 00038 00041 00043 2004 00502
2005 00041 00035 00041 0003 00040 00036 00034 00040 00035 00039 00039 00089 2005 00469
2006 00040 00036 00039 00039 00048 00044 00045 00043 00039 00042 00039 00036 2006 0.0468
2007 00042 00032 00039 00042 00041 00040 00045 00042 00037 00043 00039 00037 2007 0.0486
2008 00040 00034 00037 00035 00037 00040 00039 00036 00033 00037 00036 00033 2008 0.0445
2009 00024 00030 00035 00029 00033 00038 00036 00036 00034 00033 00035 00634 2009 00347
2010 00036 00033 00040 00038 00034 00037 00031 00032 00026 00027 00032 00032 2010 0.0425
2017 00035 00032 00036 00034 00036 00032 00032 00034 00026 00022 00024 00022 201 00382
2012 00021 00020 00022 00025 00023 00018 00020 0OOY8 00017 00021 00019 00019 2012 0.0246
2013 00022 00022 00021 00026 00023 00024 00030 00028 00029 00029 00027 00031 2013 00288
2014 00032 00026 00029 00028 00028 00026 00027 00026 00023 Q0025 00023 00022 2014 0.0341
2015 00020 00015 00021 00019 00020 00028 00024 00022 00021 00021 0Q0022 00022 2015 00247
2016 00021 00020 Q00T 00017 00020 00018 00014 00016 00015 00016 00018 00022 26 0.0230
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Appendix A-8

Long-term Government Bonds: Capital Appreciation Beturns
From 192610 2C16

Year Jan Feb Mar May Jun Jul Aug Sep Oct Nov Dec Year Jan-Dec’
1926 0.0106 0.0035 0.0009 00046 -0.0014 00005 -Non27 -(.0027 0.0007 3.0072 00729 0.0048 1926 0.03M
1927 0.0045 {0081 00224  -0.0032 00081 -0 0096 00022 0.0047  -0.0009 0.0071 00071 00045 1927 0.0540
1928 -( 0063 00036 goole -00028 -00104 0.0015 -00245 00047  -C.0067 oMze  -00024  -00024 1928 -0.0312
1629 00119 0.0784 -Q.0171 00242 -gonez 00081 00032 .0084 -3.0004 00351 0oz 00120 1929 0.00z0
1930 - 0085 0.0102 040585 -0.0043 00113 0.0022 08007 -0.0013 0.0045 4.0008 0003/ 00088 14930 00128
1931 {10149 0.0059 0.0076 0.0054 oo -0 0024 00089 -0.00 s -0.0307 -(.0360 0.6004 00252 193! (10846
1932 0.0002 (.0382 -0.0049 0.0574 -0.0218 00037 (0.0453 -0.0025 2.0031 -0.0044 (.0G0e 00104 1932 0.1284
1933 00122 -00282 00070 -0.0057 00274 00025 00043 0.0018 -3.0002 -gon7 00174 -00740 1983 -0.0314
1934 00228 0.0057 am70 0.01Mm 00105 00043 Qcos -00143 -00169 0.0158 0.0013 00087 1834 0.0676
1935 00187 0.0070 0.00s 00056 00079 (.0070 0.0Gz22 00156 -0.0014 0038 00014 00047 1935 3.0214
1936 0.0031 0.0059 {.40as 00013 00018 -0.0003 0.0837 (3.8088 -(10053 -3.0017 0.0783 Qo017 1938 L0464
1937 -0.0034 000e7 -(0434 00016 4.0031 -0.0043 0.0114 =0.0128 0.0022 20019 00072 00059 1937 -00248
1938 00034 00031 -0.0085% 0.0187 Qo022 -0.0007 00622 -00022 G.0om 30065  -00043 00059 1838 3.0283
19329 0.0038 0.00561 Qo5 00093 go1s -3 0045 00095 -DC219 -0.0564 2.0386 00142 00125 1938 0.0348
1940 -0.0237 0.0G09 00158  -00053 -0.0318 0.0239 0.0032 0.0003 0.0092 30013 Q0187 00080 1840 0.0377
1941 -0.0217 0.0004 0.0078 Q012 Q001 0.0050 0.0005 0.0002 0.0028 30124 -.0G44 00794 1947 00100
1947 0.0048 -0.0008 0.0071 -0.0049 1.0058 -.0018 -0.0003 ooy -00Mmy 0.0004 -0.0085 00028 1942 0.0074
1943 0.0013 -0.0024 -00012 0.0028 10031 -0.0003 -0.0021 0.0000 -3.0009 -.0015 -0.0021 -0.0003 1943 -0.0037
1644 0.0000 00312 (.0000 -0.0006 000086 -gomaz Q0es 0.0006 -30006  -0.0009 00203 00022 1344 0.0032
1945 0.0105 00058 0.0001 00141 0.0037 0.0150 -0.0104 0.oour G.0037 0.0085 20108 00777 1945 0.0827
1946 0.0008 00017 -00006 -00152  -00030 00054 -00058 -0.012¢6  -0.0028 30085 00072 00126 1946 -0.0215
1947 00024 0.0005 0.0002 -0.0064 2.0018 -(0.0009 0.0044 0.0054 -0.0062 -0.0085 -0.0191 -0.0213 1947 -0.0470
1948 00000 00028 0003 0.0025 0Q1z2 -00105 -0.0047 00020 -00006  -00012 0085 00036 1948 00096
1949 0.0062 .0031 0.0055 -(.0006 0.0000 00148 0.0810 0.00492 -.0029 0.0001 0.0004 00035 18449 00435
1950 -0.0080 00305 -00010 0.0014 00014 -0.0042 0.0037  -0.0004 -0008%  -00067 gom7 -00001 1950 -0.02086
1851 0.0038 0.0091 00176 -0.0083 -Q.00%C 0.0082 00118 0.0077 -2.00898 -0.0013 0.0157 040083 195] -0.0627
1952 0 0005 -0 0007 00088 00148 -0.0054 -0.0019 -0.0042 -0.00a1 -30153 a0124 -0 0036 -001i0 1852 -0.0148
1953 -0.001 -0.0108 -0.07113 -0.0128 -0.0171 00195 0.0014 -0.0033 00275 0.0057 -0.0073 00782 1953 13,0067
1954 0.0066 0nzie (0034 (.0081 -aMmoy 0038 80113 -0.0053 -(.0031 -0.0015 -(1.0048 00042 1954 00435
1955 -0.0264 -0.0100 0.0063 -0.0022 00048 -0.0099 -0.0125 -0.0023 0.0049 0.0119 -(0.3069 Q0018 1955 -0,0407
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Appesdiv A-8 (238}

Leng-term Goverrment Bonds: Capital Appreciation Returns

From 1926 to 2016

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year Jan~-Dec’
1956 0.0058 -0.0025 00772 -(.0138 n0res 00504 -0.0234 -0.0213 G.0025 -0.0084 -(.0084 -0.0207 1956 -3.0846
1957 0.0217 aoooc  -0.0050 -0.0280 -0 0052 -0 0208 -0.0074 -0.0028 20045  -0.0087 0.0504 Q0277 19587 0.0382
1958 00112 Q0075 00075 00160 -00024  -00187 -0030e  -00483 -0.0740 50108 googz -00233 1988 -3.0923
1959 -0.01M 00087 00018 00150 00038 -00026 00025 -3.0076 (.00 0.0118 -0.0154 007195 1959 -0.0620
1950 0.007¢ Q.01e7 00246 -0.0202 0ns 20139 0.0335 08101 0.0043 -(.006% -(.0098 00247 1960 20929
19867 0.0140 Q0170 00068 0.0085 0.008C 00106 0.0001 0007 0.0097 00037 -00052 00156 1968 00286
1962 -0,0051 0087 0.0220 0.0049 a.0014 -0.0106  -0.0143 0.0153 0.0031 0.0049 -0.0010 Qo003 1962 00278
1863 -00033 -00022 -00022 -00046  -C.OOM -0.0011 -0.0005  -0.0011 -00029  -GO08C goaia -0C042 1963 -00270
1964 -0.0048 =0.0043 0.0000 0.0012 Q0018 00031 -0.0028 -0.0015 00015 (0.0009 -00018 00005 1964 -3.0072
1965 0ooar -0.0018 0.0016 0.0003 -0.0018 000ce 0002 -0.0080 -.0069 0.0007 00100 -0.07315 1965 30345
1966 -0.0142 -0.0284 0.0256 -0.0099 -0.0100 -(0.0054 -0.0074 -0.0249 {.0292 n.oeas G.0R7 0.0374 1960 -(0106
1967 Q0115 -0.0285 007159 -0.0326 -(1.0082 -0.0351 0.0026 -0.0126 -(1.0045 -0.0445 -3.0247 00748 1967 -0.1355
1958 oozve  -0047 -00254 00118 -0.0002 ap0ies 0.0241 (o045 00146 0017V 00312 -004'2 1968 -0.0551
1969 -0.0256 -0.0005  -0.0036 0.0371 -0 0537 00159 00027 -0g1i7  -0.06586 0.030% -(1.0293 -0.0129 1969 -0.1083
1970 -0.0077 005835 -00124  -00467 -0.0523 00422 00260 -0.0076 80172 00184 00733 -00137 1970 0.0484
1971 0.045% -0.0209 0.0470 0.033 -0 0052 00214 -0.0022 004706 00154 0.012¢ -0.0088 -0.0006 197 40661
1972 -0.0174 0.0041 -0.07131 -0.0021 0.0218 -0.0113 0.0185 -0.G021 -0.0129 0.0182 00178 00275 1972 -(.0035
1973 -(.037¢ -0.0037 0.0026 -0.0012 -0.0162 -0.0076 -03.0495 0.g32e 0.0263 0.0153 -0.0238 -0.0342 1973 ~0.0770
1974 -(1.0144 -(.0079 -0.0350 -0.0320 00055 -000186 -0.0101 -0.G298 0.0176 0.0478 0.0233 0pi0s 1474 -0.0345
1975 00157 00071 -0.0333 -0.0248 007145 {0222 0.0155 0.0133 G0 00403 -00170 00316 1975 0.0073
1976 0.0025 0.000 0.0094 -00046 -00217 00135 00013 00142 0.0081 0.0023 0.0273 00285 1976 0.0807
1977 -0.0447 -0.0106 00026 0.0010 0.0058 0.0102 -0.0130 007137 -0.0089 -G0156 0.0021 -0.0230  19¥¥ -3.0786
1978 -0 0149 -00056  -00090 -00068 -00133 -00132 Q.0070 00148 00171 -3 0273 Qo117 -00198 1978 -1.0905
1979 001i2 -0.0200 0.0056 -0.0188 00184 1.0740 -0.0181 -0.0108 -0.0190 -3.0922 0.0229 -0.0026 1979 -0.0984
1980 -00824  -00851 00413 01424 30332 Q0272 -00860 -00513 -00353  -GO0360 0.0009 00244 1980 -0.1400
1981 -(.0209 -(L0624 00274 Q0818 00518 -0 0288 00467 (10496 (30259 g.0712 0.1297 00813 1981 -0.1033
1682 -0.0062 00379 00107 00262 -00067  -00343 0.0387 0.0569 0.0519 00542 -0.0097 00239 1082 02395
1983 -0.0396 0.0410 -0.0783 0.0265 -0.0477 -0.0051 -(3.0574 -0.0083 g.0408 00227 0.0089 -0.0162 1983 -0.0982
14984 0.0141 00270 -00254  -00210  -00619 00044 QORTT 001860 q.0248 0.0453 0.0027 -(0.0007 1984 0.0232
1985 0.0268 -0.0575 ooz 0.0140 007488 0.00861 -00274 00174 -0.0109 0.0248 0.0320 0.0455 14985 01784
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Appendix A-8

Long-term Gavernment Bends: Capial Appreciation Rewsms

From 1926 o 2016

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year Jan-Dec’
1586 5005 01073 00BAS 00142 00567 00543 00174 00437 00565 00220 00208 -000BY 1986 01499
1987 00086 007143 -00289  -00538  -00171 00023 -08257  -00240  -00444 00544 -00038 00088 1987 -0.1069
1988 00595 -00079 -00378  -00230 -0018C 00292 -00247  -00026 00269 0023z 00286 (0035 1988 0.0036
1989 00124 -00248 00044 00088 00821 00480 00170 -00325 -C0046 00307 00014 -000700 1889 0.0862
1990 L0476 00000 00NIB -0027F7 00340 00162 00033 00490 00048 00135 00331 00114 1990 00261
1997 00059 -00033 -00026 00065 00068  -00126  000B2 00272 00236 -0.0011 00022 00518 1997 83010
1992 00385 00008 00151 00043 00181 00133 00334 00007 00127 00286  -00051 00183 1992 8.0034
1993 00222 00299 -00042 00015 -0.0008 Q0387 00138 00378 -00045 00048 00312 -00035 1993 0.1077
1994 00202 -00498 -00453 -00208 -00145  -00161 00303 -00152 -00392  -00097 00002 00095 1994 01429
1995 Q0203 60227 00028 00112 00726 0OG0R4  -00223 Q0179 00122 00237 00198 00223 1995 02304
1996 00065 -00530 00262 00224 -00112 00149  -00c45 00196 G0280 00345 00299 0032 1996 00737
1997 -0.0135  -00046  -00311 0019 00037 00138 00887 -003s7 00258 00287 00107 00130 1897 0.0851
1998 00152 00116 -00028  -00023 00135 00176 -0.0088 00416 00350  -002C 00052 -00077 1998 0.0689
1999 00379 -00560 -09081  -00028  -0023C  -0013%  -00120  -00105 00032 -00062  -00777  -00210 1999 -0.1435
2000 00171 00213 04312 -0M23  -00111 00192 00120 00190 -00203 00135 00270 00198 2000 $.1436
2001 00044 00749 -00118  -00360 -00013 00038 00324 00159 00040 00416 00512 00229 2007 00189
2002 00090 00072 -0047¢ 00355 00034 00143 00252 00420 00374 00334 0087 00462 2002 0.1169
2003 00147 00201 -00175 00062 00853 -00180  -0.1020 00124 Q0501 -0.0324  -0.0012 00093 2003 -0.0336
2004 00146 00192 00098 -00827  -0008C 00074 00113 00350 00057 00115 -00276 00207 2004 0.0326
2005 00260 -00183  -04712 00334 00286 00131 -00322 00292 -00373  -0.0235 00037 00228 2008 0.0302
2006 00157 00208 00578 00285 00038 00048 00154 00286 0182 00035 00189 00272 2005 -0.0364
2007 -00146 00297 -00184 00043 -00242 -D0131 00238 00157 -00025 00112 00429 -00086 2007 0.0469
2008 00173 -00075 00069 -00324 -00202 00180  -0.0084 00206 00074 -0.0420 01407 00834 2008 0.2050
2009 01149 -DOORE  DOROG  -0067¢ -00281 00046  -00018 00195 00142 00203 00173 -00818 2009 -0.1825
2010 00228 -00002 00219 00266 00403 00409 -D0007 00870 -0.0180 -0.0344 00168 -0.0420 2010 0.0589
2011 S00231 00081 -00042 00165 00318 -00212 00383 00829 00679 -00328 00228 00248 2011 0.2262
2017 G0020  -00216 00324 00383 00820 00183 00227 00087 -00183 00035 00124 00221 2012 0.0095
2013 00354 00092 -00083 00352 -00651 -00309 -00203 -00107 00032 00098 00282  -00262 2013 -0.157

2014 00516 00048 00034 00154 00251 00057 00030 00343 -00194 00274 00283 00288 2014 0.2093
2015 00680  -00538 00116 -0026G  -00179  -D0327 00305  -DCOI0 00158 -0.0074  -000B6  -0.0044 2015 -0.031
2016 0.0455 Q0275 -00022 -00070 00063 00572 00066 -0.0186  -00140  -0.0831  -00676  -00079 2016 -0.0040
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Appendix A-9

Appendix A-S (25]

Long-term Government Bonds: Yields

From 1926 1c 2015

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year Jan-Dec’
1926 0.0374 0.0372 0.037 0.0368 0.0368 002368 00370 0.0373 0.0372 (.0367 (.0358 0.0254 1826 0.0354
1927 0.0351 0.0347 0.0331 0.0333 00327 00324 00333 0.0329 0.0330 0.0325 0.0320 00317 1827 0.0317
1928 00321 00318 0o317 0.0319 00327 (10325 0.0344 0.0347 00346 00335 00338 00340 1828 00840
1929 0.0243 0.0363 0.0377 0.0358 00373 00367 00389 00375 00375 0.0347 0.0331 0.0340 1829 0.0340
1930 00347 0.0339 0.033% 0.0338 00329 00328 0.0327 0.0328 0.0324 0.0324 00322 04330 1830 0.0330
1931 0.0343 0.0338 0.0332 0.03z7 o037 o039 00325 00320 0.0353 0.0388 40385 00407 1931 0.0407
1932 0.0390 0.0367 0.0370 0.0336 (.0349 00347 0.0320 0.0321 Q0319 0.0322 0.0322 00315 1832 00315
1933 00308 00326 00321 00328 0.0308 .03Cs 0.0309 00308 00308 400315 00327 00336 1883 00336
1634 0.0321 0.03:7 0.0307 0.0300 00292 00289 0.0288 0.0299 20310 0.0300C 0.0299 00283 1834 0.0293
1935 00281 00275 00274 0.0265 00276 gozve 0.0263 0.0281 00282 0.0279 0.0280 00276 1835 0.0276
1936 0.0285 0.0281 0.0275 00274 00273 00273 0.0271 0.0264 50268 2.0269 040257 00255 1938 00255
1937 0.0258 0.0253 00285 0.0284 00282 G.0285 0.0277 00286 1.02584 00283 00278 006273 1837 0.0273
1938 Q0271 002¢8 00273 0.0259 0.0257 .0259 0.0257 (.0259 0.0259 00254 00257 00252 1938 00252
1939 00243 0.0245 0.0237 00225 gonv 00221 00213 0.0231 20278 0.0247 0.0236 00226 1838 3.0226
1840 00229 00228 00218 00220 30248 00227 0.0224 00223 20215 c0z214 0.0199 00194 1940 30194
1947 00233 0.0213 00206 0.01%6 Q0185 00191 0.0191 0.0180 0.0193 g.0m82 a0ige 00204 194 00204
1942 0.0z247 0.0247 00244 00246 0.0243 00244 0.0244 0.0244 0.0244 1.0244 0.0247 0024 1242 (.0246
1943 0.0245 0.0245 00247 00246 00244 10244 00245 0.0245 0.0246 0.0247 0.0248 00248 1943 0.0248
1644 0.0248 00247 0.0247 00248 00247 30248 00247 0.0247 00247 0.0247 0.0247 00z46 1844 0.0246
1945 00240 00237 00236 0.0228 0.0226 o217 0.0224 0.0223 G.0221 00216 90210 00199  1%4b 00199
1946 0.0199 coae agieg 0.0207 00209 0 0206 0.0209 0c217 g0219 0.021% 0.0220 00212 1848 g.0212
1947 00214 00274 00213 Qo217 0.0216 00216 00274 0.0210 00213 g 00229 00243 1847 0.0243
1948 00243 00241 00241 0.0239 0.0231 00238 0.0241 00242 g.0242 00243 00239 00237 16948 00237
1949 00233 0.0231 0.0227 0.0227¢ 00227 00217 1.0216 0.0210 Q0212 00212 00272 0.0209 1549 0.0209
1950 00275 00214 00218 0.0214 00213 00216 00214 0.0214 g.0220 g0z2s 00224 00224 1950 00224
1961 0.0221 g.0228 00241 Q0248 00254 00259 0.0252 0.0246 (10253 0.0z54 0.0264 00269 1851 0.0268
1952 00268 00269 00263 00254 0.0257 0.0259 0.0261 0.0267 40277 00269 00272 00279 1852 00278
1953 0.0279 0.0287 .4294 0.0303 00314 0.030G1 0.0301 0.0303 0.0284 0.0287 0.0286 0.0274 1953 0274
1654 0.0291 00279 00278 00273 00z7ma 00272 00256 0.0289 n.o2n 0.0272 00274 00272 1954 g.oz272
1955 0.02886 0.0292 0.0288 0.0290 Q.0287 0.0293 00300 0.0301 0.0298 0.0292 0.0295 00295 1958 0.0295
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Appendix A-9

Long-term Government Bonds: Yields

From 1926 tc 2016

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year Jan-Dec’
1956 0.0292 0.0293 0.0303 00311 002949 0299 0.0313 0.0325 0.0324 30329 3.0333 0.0345 19586 00345
1957 0.0328 0.0328 0.0331 0.0345 00348 00351 00385 0.0357 0.0364 (0.036% 0.0340 00323 1857 0.0323
1968 0:0330 00326 00321 00311 00313 0.0324 0.0343 0.0371 0.0380 00374 00368 00382 1958 0.0882
1659 0.0408 0.0402 0.0403 00414 00417 go41g 00417 0.0423 0.0428 0.0421 0.0432 00447 79539 .0447
1960 0.0441 10429 00411 (.0426 00417 00407 0.0382 0.0390 0.0387 0.0391 0.0399 00380 1864 0.0380
1981 0.0404 0.0392 0.0397 0.0341 nQ3e7 00404 0.0404 0.0410 C.0403 2.0400 0.0404 00475 1863 00415
1952 00419 0.0414 00398 00394 0.03%3 0.0401 0.0412 0.0401 (.03u8 0.0395 0.039¢ 0.0395 1862 0.0395
1963 003298 0.0400 00401 0.0405 0.04086 0.04G7 0.0407 0.0408 00410 00415 00474 Qo477 1863 20417
1664 0.0421 00424 0.04724 00423 00422 oo419 00421 n.c4z23 2.0421 0.0421 0.0422 00423 1864 0.0423
1965 00422 0.0424 D422 0422 0.04az3 .0423 0.0424 0.0428 0.0433 00432 0.0447 00450 1865 0.0450
1866 0.0458 0.0477 0.0460 00467 00473 opar? 0.0482 0.0499 0.0480 Q0467 0.0480 {0455 1865 0.0455
1967 00448 00465 004550 ooars 0482 u.0ad7 0.0505 0.0614 Q0817 00544 00567 0usse 18967 (.0556
1968 00836 00342 00560 00547 {10548 0.0534 00817 0.0520 0053 00543 005866 00598 1968 0.0598
1669 00817 00678 0.0620 0.0593 00635 00623 00621 0CB30 Q05677 0.0653 0.067¢ 00687 1268 0.0687
1970 00693 0.0651 0.0661 00699 00743 0.0709 0.0687 0.0594 0.05880 00693 00637 Q0648 1870 0.0648
1971 0.0612 0.0629 0.0593 00618 00624 00641 00543 00810 0.05498 0.0588 0.0596 00897 1871 0.0597
1972 00606 0.0802 00613 00615 30547 0.0e07 0.05483 0.0595 0.0606 0.0897 0.0877 00899 1872 00599
1973 0.0685 0.0688 0.0686 00687 20703 00710 00750 0.0728 00703 3.0689 0.0712 Q0726 1973 00776
1674 0.0740 0.0748 00783 0.0816 00816 0081z 04823 0.0856 0.0837 0.0795 0.0771 00780 1974 J.0760
1975 0.079¢E oo7eg 0824 0.0852 {083 0.0813 0.0829 0.0844 4.0862 00819 00838 00805 187 0.0805
1976 0.0802 0.0802 Q0792 0.0797 a0821 00807 00805 0.0780 0731 0.0779 0.0749 00721 1876 00721
1977 00764 00775 00772 Q.07 1N aoves 00754 00768 0.0754 0.0764 00781 0oriy 00803 1977 0.0803
1978 ooss Qo822 00831 0.0838 20852 (0.0865 0.0868 0.0843 0.0860 J0889 ogers 00898 1978 30898
1979 0.088¢ (1.0508 0.0902 00922 0.0903 [ERvicas 3.0895 0.0907 0.0927 £3.1034 01069 gz 187g g0z
1980 Q114 01186 01239 01076 21037 01005 0.1074 0.1140 0.1185 91231 Q1230 01399 1980 01199
1981 0z 0.1283 0.1248 0.1332 Q1265 01304 01370 0.1445 0.1482 3.1384 01220 01334 148 0.1334
1982 01415 01402 01387 01348 0.1358 01432 01362 0.1254 01183 g1z 01125 071095 1982 01085
14983 01113 0.1680 01083 0.7051 ainz 01119 011698 01210 0157 1188 01176 03797 1983 31197
1684 0.1180 01237 0.1253 0.1284 41381 01374 01243 01270 01235 01173 01169 01170 1984 01170
1985 0.1127 0.1209 01181 0.1162 0.1062 0.10585 01091 0.1458 0.1082 2.10861 01011 00956 1985 0.0956
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Appendix A (27}

Long-term Government Bends: Yields

From 1926 to 2016

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year Jan-Dec’
1986 DOGse  0O08al 00766 00782 00848 00790  00R09 00763 Q0827 00BO3 04779 00789 1986 00789
1987 00778 00763 00795 00859  0O0BSC 00877 00907 0093 00992 00926 00931 00920 1987 0.0920
1988 00852 00854 00901 00929 00852  DO9IF 00047 00950 00017 00883 00923 00919 1988 £0919
1989 00203 00935 00926 00918 00878 00822 00801 0O0B4T  (0BA7 00810 00838 00816 1989 a.0816
1930 00865 00876 00883 00924 00883 00884 00860 0092 DOg14 00898 08B 00844 1990 0.0844
1997 00837 00841 00844 00837 00845 00880 00850 00818 00790 00791 06789 00730 1997 0.0730
1992 00776 00777 00797 00803  0Q781 00785 00726 00725 00710 0074 00748 00726 1992 0.0726
1993 00725 00698 00702 00701 00701 00668 00856 00623 00627 00823 00881 00654 1893 0.0654
1994 00837 00882 00726  DOQ74E Q0759 0077 00746 00751 00800 00809 008G 0079 1994 00799
1995 00780 00758 00755 00745 00677 00670 DOBY1 00874 00663 00841 00623 (00603 1995 00603
1996 00609 00859 00684 00706 00717 00703 00707 00vze 00704 00671 00843 DOGT3 1996 0.0673
1997 00689 00694 00723 00705 00701 00688 00637 00872 00549 00623 00814 00802 1997 0.0602
1998 00589 00599 00602 00604 00582 00576 00584 00547 00517 00640 00835 00b42 1898 00542
1999 00536 00587 00592 00894 00615 00627 00839 008648 00546 00651  0D0ES2 00882 1990 0.0682
2000 00666 00646 00518 00830 00640 00622 00811 00594 00812 00800 00676 00858 2000 0.0558
2001 00562 00549 00559 00593 00594 00590 00561 00546 00542  C0506 00853 00575 2007 00578
2002 00568 00563 00604 00575 00578 00566 00544 00510 00480 00508 00527 00484 2002 0.0484
2003 00495 00472 0048 00481 00436 00452 00542 00532 00490 00818 00819 00671 2003 0.0511
2004 00499 00483 00474 00831 D039 00832 00523 00493 00488 00478 00602 QQ4B4 2004 0.0484
2008 00465 00479 00488 00461 00440 00429 00456 00432 00464 00484 004RT 00481 2008 00467
2006 00474 00457 00507 00832 00536 00537 00818 00496 00484 00487 00467 00431 2008 0.0491
2007 00502 00477 00493 00482 00510 00521 00501 00487 00489  0.048C 00445 00450 2007 0.0450
2008 00436 00438 00432 00458 00475 00460 00465 00449 00443 00478 00372 00303 2008 £.0303
2009 00294 00407 00355 00410 00432 00429 00430 00415 00403 00420 00406 00458 2009 0.0458
2010 00441 00441 00458 00487 00407 00376 00377 00827 00841 00367 00380 00414 2010 80414
2011 00437 00426 00429 00416 00391 00409 00378 00315 00265 00297 00273 00255 2011 0.0255
2012 00249 00272 00207 00268 00221 00238 00216 0022 00235  GO0238 00228 00246 2012 0.0246
2013 00291 00285 00287 00264 00309 00330 00344 00357 00349 00342 00361 00378 2013 00378
2014 00242 00339 00337 0026 00308 00313 00310 00287 00300 00282 00264 00246 2014 0.0246
2015 00200 (0238 00230 00248 00262 00285 0DO263 00264 00253 0.0258 00265 00268 2016 00268
2016 00236 00217 00218 00223 00219 00179 00175 00186 0019 00220 00287 00272 2016 0.0272
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Appendix A-10

intermediate-term: Government Bonds: Total Returns

From 1926 to 2015

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec VYear Jan-Dec’
1926 0.0068 0.0032 0.0041 0.00%0 0.0008 00027 00013 O.GUU-.‘EJ* 0.0050 2.0054 3.0045 Q0089 1926 0.0538
1a27 0.0057 0.0038 0.0038 00018 00020 00029 00042 0.0056 00060  -0.0035 0.00283 00037 1627 40452
1928 00048 -0 0004 00010 -00008 -0.0008 a0017  -0.0090 0.0080 G008 {0032 g0019 -00007 1928 0.0082
1929 -0.0029  -00018 0.0005 00089 00061 g oig7? 00085 00052  -0001s 0.0168 Q0180 000 1929 3.050

1930 -0.0041 0.0094 0.061 00071 (.0061 (3.0142 (0.0054 0.0022 (.0063 0.007¢e 0.0070 00024 1830 0.0672
1931 0.0071 0.0099 0.0052 Q0083 0ans 00214 0.0016 0.0077 00113 301085 0.0049 00159 193 00252
1932 -00,0032 00128 05078 0.0144 -0.0048C ao1ce 0n.gize 0.0124 C.00z7 0.0045 0.0037 001718 1432 0.0881

1933 -000t6  -00001 00099 Q0057 00168 00008 -0.0008 0.0073 00026 -00025 00027 -00253 1933 20183
1934 0.0130 0.0062 Q0i8e 0.0182 ooizc 00081 -00024 -00092  -D.0138 0.0190 00046 1834 509800
1935 00174 00105 00125 0.0107 00038 a3 0.0038 -0.0071 <0.0057 a.0109 00014 1935 0.0701

1936 -(.0004 0.0069 0.0031 0.0024 (00328 o001z 0.0622 (.0050 0.0010 20025 0.0087 1938 0.0306
1937 -0.0031 gonar D764 0.0047 00080 -0.0013 0.0059 -0.0043 2.0081 0.0032 0.0042 00082 1937 {.01606
1938 00085 00052 -00013 00230 0.0022 0.0e7s 0.0010 0p01s -00013 20093 -0 0001 Q0052 1938 0.0623
1938 0.0029 0.0082 0.0081 0.0038 00085 000Gz 00040 -00147 -00263 0.0318 00074 00108 1938 0.0452
1840 -0 0014 00035 gooes 00002 -00214 0187 0.0003 0.0043 0.0047 0036 00056 4028 1840 0029
1941 0.00M -0.0047 0.0068 Q0033 nomaz2 00066 0.0000 0001 00000 0.0023 -0.0092 Q4016 %4l 4.0050
1942 0.0074 ao0s 0.0023 0.0022 0.0016 Doms3 0.0000 00017 -0.0023 o007 ooy 00000 1842 00184
1943 0.0039 0.0013 .00 0.0024 2.0057 0.0033 p.ooA 0.000z2 00014 Doy 00015 00021 1943 0.0281

1644 0.05%1 00076 00020 0.0028 a0o0s Q0007 00029 0.0024 aoomn 00077 0.0009 048010 1644 G180
1945 0.0062 Q0038 0.0004 0.0014 00012 Q0219 0.0C00 0006 goo1? Qo6 0.0010 00021 1345 00222
1946 0.0039 00042 -02038 -00020 00006 00033 -00Ci0 00004 -GO0N 0.0026  -00008 00032 1946 2.0100
1947 0.0023 00006 00024 -0.003 00002 0.0008 0.000% 0.0026 40000 - 0023 00006 00021 1847 $.00491

1948 Qonis 0008 agoms 0.0019 00052 -00o08 -0000z  -00004 40010 0oma Q0021 09032 1842 0.0185
1949 n.noz8 0.0071 0.0025 00015 0.0023 0.0080 0.002 0.00317 0.0008 0.0006 0.0002 00012 1848 0.0232
1850 - 0005 00008 0.8000 0.0008 0.0020 0.0003 Q0G0 -00007 -2.0004 0000 00018 00008 1850 0.0070
1951 0.0022 0.0007 -00727 0.0057 0040 0.0050 8 Reiad 0.0036 -3.0057 0.00%6 0.0032 00016 195t 4.0036
1952 00038 -0 0020 030067 0.0054 a0019  -00035  -00C34 -0.0024 40018 0.0066 -0.0008 00019 1852 20163
1953 -0.0002 0.0003 -0.0017 -(.00586 00117 00155 0.0056 -0.00038 0.0194 0.0038 Q0074 0.0103 1953 0.0323
1954 0.0065 Q0100 G.0027 00043 -00073 00125 -0.0005 0001 -0.0020 -0.0008 -0.0001 0.0005 1954 0.0268
1955 -0.0032 -0.0052 0.0024 0.0004 20001 -0.0036 -0.0071 0.c007 ¢.0082 Q.0072 -0.0083 -.0om 1985 -0.0065
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Appendix A-10

Appendix A-10 (24}

Intermediate-term Government Bonds: Total Returns

From 1926 t0 2016

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year Jan-Dec’
19506 00108 00003 00700 00001 00112 00008  -00095 -00103 00092 -00019 Q0047 00011 1956 -0.0042
1957 00227 -00013 00018 -00101 -00017  -00106 -00015 00109 00002 00043 00396 00216 1957 0.0784
1958 00034 00139 00053 00052 00060 -0.0088  -00091  -00356  -00017 00002 00132 -00061 1958 -0.0129
1959 00073 00107 -00037 -00052 00001 00077 00034 00078 00020 00174 00092 -00020 1959 -0.0039
1980 00154 00072 00292  -00064 00031 00217 00267 -0.0005 00029 00016 -00094 00270 1960 01176
1961 00059 00090 00037 00054 -00028 00025  0OQ007 00019 00079 00014 -00019 00018 196 0.0185
1962 00045 00185  0008S 00025 00049 -00028 -00012 00126 00021 00057 00060 00056 1962 0.0556
1963 00029 00017 00027 00030 00014 00014 00003 00019 0OD14 00017 00040 00003 1963 00164
1964 00033 00012 00016 00032 00081 00036 00027 NO027 00045 00032 -00004 00058 1964 0.0404
1965 00047 0008 00043 00026 00035 00049 00017 0COT9  -00005  0O00OC 00007 00149 1865 0.0102
1966 00003  -00084 00787 -00019 00011 -00024  -00025 00125 00216 DOOYS 00028 00223 196 0.0463
1967 00118  -00013 00183  -00089 00044 -00227 00132 -00036 00007 -00043 00028 00007 1967 00101
1968 00145 0O0D40  -00026 -00016 00064 QD167 00176 00027 00055 00008 -00013  -00173 1968 (10454
14969 00086 -00013 00097 0007¢ -00082 -00084 00082 -00018 -00300 00333 -00047 -00193 1989 -0.0074
1970 00030 00430 00087 -00207 0O011C 00081 00152 00116 00196 00095 00457 00054 1970 0.1686
1971 00168 00224 0018 00327 00011 -00187 00027 0035 00026 00720 00052 00170 977 00872
1972 00106 00014 00015 00014 00016 00045 00015 00015 00014 00016 00045 00192 1972 00516
1973 00006  -00075 00046 00064 00057 -00006 -00276 00254 00250 00080 00064 Q0040 1973 0.0461
1974 00000 00035 -00212  -00152 00130  -DO0BT 00007 -DC01Z2 00319 00103 00238 00785 1974 G0569
1975 00053 00748 00059 -00186 00260 00027 -0.0030 -00009 00010 00366 00010 00198 1978 00783
1976 00057 00084 00075 00116 -00145 ©00I15¢ 00119 00183 00076 00147 00321 00026 1976 0.1287
1977 00190 00048  DO0OSS 00051 00056  GOI102  0.00017 00008 00015 -00063 00079 -00028 187/ 0.014)
1978 00013 00077 00037 00024  -00002 -00021 00098 00078 00057 -00112 00082 00083 1978 (.0349
1979 00055 -000%9 00712 00033 00193 00206  -0.0011  -0.0091  C0006  -0.0468 00363 00087 1978 7.0409
1980 00135 -00841 00143 01198 0049C -00077 -00105 -00387 -00038 0012 00020 00171 1980 0.0391
1981 00022 00235 00283 00216 Q0245 00060 00270 00178 OO01e4 D061 00624 00142 1981 0.0945
1982 00050 00148 00042 00209 00146 -00135 00464 00460 60325 00537 00080 00185 1962 02910
1983 00007 00252 -00048 00258 -00122 00016 -00198 00081 00316 00019 00108 00047 1983 00741
1984 077 -00064 -00035 -00003 00250 00099 00393 00101 00202 00383 00192 00143 1984 0.1402
1985 00206 -00179 00166 00264 00485 00108 -00045 00148 00113 00162 00195 00257 1988 0.2033
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Appendix A-10
Intermediate-term Government Bonds, Total Retumns
From 192610 2016

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year Jan-Dec’
1986 00082 00275 00338 0008l 00215 00276 00157  0C266 00110 00162 00113 00007 1886 01514
1987 0.0107 00058  -00031  -00244  -00038 00122 00025 00088 00141 00799 00083 00093 1987 0.02490
1988 00376 00123 -00086 -00044 -00040 00181 -00047 -00009 0019 00148 -00115 -00010 1988 ¢.0510
1989 00121  -00051 00048 00220 00212 00324 00235 -00246 00069 00237 00084 00012 1989 0.1329
1930 G0105 00007 00002  -000F7 00261 00181 00174 000892 00084 0.0177 00193 00161 1940 00973
1997 anle7 00048 00023 00117 00053 -00023 00120 00247 00216 00134 00128 00265 1897 0.1546
1992 00195 00022  -Q0079  000S8 00222  0QI77 00242 00150 00194 00182 00084 0046 1992 00719
1993 00270 00243 00043 00088  -00008 0020 0.0005 00223 0006 00018 -00093 00032 1893 0.1124
1994 00138 -00258 -00257 -00105 -00002 -00028 00169 Q0026 -00158 -00023  -00070 00053 1394 -0.0514
1085 00182 00234 0003 00143 0036@ 00079 -DO0CIE Q0086 00064 O.01Z7 (0149 00095 1995 0.1680
1996 00006 00138 00118 00050 -00032 00117 00025 -0.0005 00185 00183 00149 00078 1996 0.0210
1967 00925 00002 -00114 D048 00077 00103 00264 -0.0098 00151 00150 0000 0006 1897 0.0838
1998 00180 -00030 00026 00061 0007 0O00YS 00027 00271 00330 00047 00098 00037 1998 81021
1999 00055 -00262 00086 00021 -00147 00032 -00005 00015 00097  -00008 -00008  -00048 1999 -00177
2000 00353 00078 00203 -00043 00052 00181 0OCT p0134 0009 00079 00174 00214 2000 0.1259
2001 00098 00105 00076 -00114 -00007 00086 00247 00095 00283 Q0180 -00171 -00082 2007 0.0762
2007 00026 00108 00242 00238 00118 DO01R9 00272z 00167 00288 00024 00169 00279 2002 0.1293
2003 00089 00179 -00007 00013 00278 -00035  -0.0319  -0.0027 008307 -0.0136  -00014 00109 2003 0.0240
2004 00052 00124 00700 00334 -00048 00049 00082 00185 00012 D00B4 027 00067 2004 0.0225
2008 00026 -00111 -00038 Q0167 00102 00042 -00144 00161 -00124  -0.0063 00089 0.0061 2005 00136
2006 00035 00077 00056 00008 00004 00022 00125 00135 00079 00052 00088 -0.006T 2005 00314
2007 00020  0DITO 00024 00047 00102 00011 00176 0CI8S 00057 -00043 00425 00048 2007 0.1005
2008 00263 00234 00073 00293 -00084 0007 00064 00104 00085 00146 00430 00160 2008 03n
2009 00163 -00082 00186 -00166 -00132 -00076 00056  0£097 00075  ©003C 00184 -00241 2009 -3.0240
2010 00194 00071 -00088 00094 Q0151 00126 00158 00128 00049 00064  -00082 00171 2000 00712
2011 00062 -00053 -00005 00154 00179 -0000i 00202 00210 00008 00009 00036 00049 2071 0.0881
2012 0000B  -0.0052 00070 00128 00083 -00020 00077 00015 00004 -0.0024 00048 00081 2012 00166
2013 00061 00064 -00743 00060 -00165 -00139 00025 -00074 0121 00051 00011 -00122 2013 -00368
2014 00131 00074 -00068 00048 00094 -00017 -00047 00075 -00049 00088 00078 -0.0060 2014 0300
2015 00241 -0M23 00074 -00014 00005 00053 DO0ST DOO1T 00099 -0.0062  -0.0040 -00017 2015 G079
2016 00233 00057 00045 -00010 -00021 00175 00004 -00064 00027 -0.0082 -0.0183  -0.0007 2016 00192
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Appendix A-11
Intermediate-term Government Bonds: Income Returns
From 1926 to 2016

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year Jan-Dec’
1926 0.0032 0.0032 0.0037 0.0031 0.0031 0.0031 0.0032 (.0032 0.0032 3:.0037 0.0031 0.0030 1828 0.0378
1927 0.0029 0.0029 0.0028 0.0029 00029 00029 0.a02a 0.0029 .00z8 0.0023 0.0028 00028 1927 0.0349
1928 (0028 00028 00029 00029 0.003¢ 0.0030 0.0032 0.0032 $.0032 Q0032 00032 00033 1828 1.0364
igz9 0.0034 0.0035 0.0036 0.0035 Q0037 0 0035 QG035 0.0034 o038 0.0033 0.0030 00030 1929 0.0407
1930 0.0031 0.0030 0.0028 0.003 0.0029 0.002¢ 0.0026 0.0026 40026 0.0025 0.0024 0.0024 1830 03,0330
1931 0.0026 0.0028 0.0024 00023 4.0021 0.0026 0.0026 02026 0.0028 0.0037 0.0037 00034 79T 00316
1932 0.0035 0.0034 0.3033 0.0030 00032 0.0021 0.0029 0.0027 0.0027 0.0027 0.0027 00025 1u32 0.0363
1933 00028 00026 00028 0.0025 4.0021 0.0022 00022 0.0021 3.0021 00022 00022 00027 1883 20283
1634 0.0030 0.0024 0.0027 00024 00023 00021 0.002 0.0021 4.0021 0.0028 0.0022 0023 1834 50293
1935 0.0021 00018 0008 00017 0.001& 4.0015 0.0015 0.0014 0.0015 00016 0.0015 0006 1835 g.0z202
1936 0.0074 0.0 0.0M3 00012 ao012 00013 00012 0.0mz {g.00M 0.0017 0.001M 00070 1836 (L0744
1937 00530 0.0010 00012 0.001% 00313 0.0014 0.0014 0.0013 0.0014 0002 00012 00011 1837 3.0148
1938 nocig Qo016 0gm7 0007 a.oms 0.0014 00013 0.0014 G003 goni4 DRV ooma g3 00182
1939 0.0013 0.00M 04012 0.0010 goon 00009 30009 0.0009 2,001 0.0075 0.007C 0.0009 1839 0013
1940 0.0009 0.0008 00008 0.0007 0.0007 00010 0.0c08 0.0008 5.0007 00007 0.0006 00005 1540 0.0090
1941 0.0006 0.0006 0.0008 0.0006 0005 0.0006 0.0005 (.0005 03.0005 0.0006 .0004 0.0007 1847 4.0067
1942 0.0508 0.0006 0.5007 0.0006 4.0008 0.0006 0.0006 0.0006 0.0006 0.0008 0.0006 00006 1942 0.0076
1943 00074 00013 08014 0.0013 ooma 00013 00013 oomz g.omz2 3.0012 00072 00012 1943 0.0156
1644 00013 anct2 0.0013 00012 40013 oom? Qot2 Q.00m2 0.001 40012 000177 0001 ic44 40144
1945 00312 00070 00010 00010 .00 0.0010 0.0C10 0.0010 {0009 co0s 00608 00009 1945 00119
1946 0.0009 0.0008 0.2007 0.000% J 0009 000C9 00009 0.0009 0.0010 0.001¢ 0.0009 00070 1945 00108
1947 0.00:0 0.0009 0.0010 0.0009 4.0010 00011 0.0010 00010 2.0010 00073 0600 Qoni2 14947 gm2
1948 00073 0052 00014 a0m3 Q.0012 00013 0002 00013 0.0013 goma 00014 00013 1948 10156
1949 00013 0.0032 0.0013 000172 2.0m3 00012 0.0010 0.a011 0.0010 4.00140 00070 0.0010 1848 0.0136
1950 0004 00310 0.0011 0.0010 00012 0.0011 0.0012 0.00M 0.0011 co0iz 00313 00073 1950 0.0132
1961 0.0016 00014 0.00186 00018 00017 Q0017 0oms 0.0017 0.0015 2.0019 0.0o7 Qo0 185l 0.0198
1952 0028 00m7 00m¢g 00017 80018 00017 0.0018 0oois 0.0021 30020 000%7 00021 1852 00219
1953 0.0079 Q.0078 0.0021 0.0021 0.0022 00027 0.0024 0.0023 0.0043 0.0020 0.0020 Q0020 14853 .02556
1954 00016 anoig 1.0014 00013 aoon 00015 00011 nemaz 0.0011 00012 00014 00014 1954 OG0
1955 0.0me 0.0077 0.0020 0.0018 0.0021 0.0020 0.0020 0.C025 0.0023 0.0023 0.0021 0.0022 1958 0.0245
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Appendix A-11
Intermediate-term Government Bonds: Income Returns
From 1926 16 2016

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year Jan-Dec’
1956 0.0025 0.0021 0.0027 0.00z26 00025 00023 0.0025 0.6027 0.0026 (.0030 00028 00030 1855 0.0305
1957 0.0030 0.0025 0.0026 0.0029 00030 00027 00038 0.0032 0.0032 0.0033 000631 00028 1857 2.0359
1958 00024 0oo2 00022 0.0021 0.0019 0.0021 0.0021 0.0022 00032 00032 0062 00032 1958 0.0293
1959 0.0031 00030 0.0033 00032 00033 00037 00038 0.0037 0.0039 .0039 0.0038 0.0041 1959 00418
1960 0.0339 0.0039 0.6039 0.0032 0.0037 00036 0.0031 (.8030 0.0028 4.0029 00028 00031 1860 J.0415
1961 0.0430 0.0028 00029 0.0027 0.0030 00029 0.0031 DCU33 0.0030 0.0032 0.0030 00030 186l 00354
1962 0.0035 0.0631 .0031 0.0031 0.0031 $.0029 0.0033 0.0032 0.00z8 0.0033 00029 0.0030 1862 0.0373
1963 00030 0.00z8 00029 0.0032 0.0031 0.0029 0.0034 0.0031 (.0033 30033 00033 00034 1963 00371
1664 0.0034 0.0030 (.3035 0.0033 0 oo 00036 00034 0.0033 0.0033 0.0033 00034 0.0034 1964 2.0400
1965 00032 0.0031 00037 .0033 0.0033 4.0037 0.0034 0.£036 00034 0.0034 0.0038 00037 1565 0.0415
1866 0.0240 0.0036 0.8043 0.0038 (10042 00040 0.0040 0.c047 (.0046 0.0044 0.0042 00042 1966 0.0493
1967 0.0041 0.0035 00040 0.0033 4.0042 0.0038 0.0045 0.0042 0.0042 00047 00046 00044 1867 (.0488
1963 000561 00043 00043 0.0049 (3.0048 0.0C43 0.0049 QG042 (3.0044 30044 00042 00047 1568 1.0549
1969 (1.0054 0.0042 0.0049 0.0057 {005C g0088 00059 05054 0.0061 0.0067 0.0056 00068 1869 $.0665
1970 00%65 00061 00083 0.0059 0.0062 0.0087 0.00565 02052 0.0080 ¢ o057 00058 00050 1870 0.0749
197 0.0047 0.0043 05047 (.0040 0.0044 00083 0.0063 0.CU56 4.0048 0.0048 0.0047 00046 187t {30575
1972 00248 00044 00046 00044 00052 00048 00043 Q0050 DO047 00053 00081 (0049 1972 0.0575
1973 0.0066 0.0048 0.0054 0.0056 1005 2.00563 0.0059 0.G064 (L0055 3.0060 0.0055 00056 14973 {10658
16974 0.0057 (,0051 0.0054 0.0065 Q0067 00089 0.0073 00087 10072 0.0067 0.0067 0004 1974 00724
1975 004061 0.0055 05059 0.0060 0.0063 0.0083 0.0083 0.0081 £.0069 0068 00085 00067 1875 2.0735
1976 0.0060 0.0055 0.2066 0.0059 00054 0 0069 0.0060 0.0082 00056 0.0054 0.0058 00080 1876 00710
1977 000251 00850 0.0056 0.0053 {0058 0.0055 0.0062 0.0059 0.0056 (3.0069 0.0059 00059 1877 0.0649
1978 0 00t Q657 00066 0.0060 0.0071 0.0066 0.0070 0.0068 0.0065 30072 0ua72 00089 1978 0.0783
1979 00079 0.0066 0.0075 0007 0.0077 Q0070 0.007 00073 a.0070 3.0084 0.0689 00086 1879 0.0904
1980 000886 00083 00107 00103 3.0081 0.007% 0.0079 0.007e 0.0097 50094 0.00%8 00171 1980 0.1055
1981 00101 00095 00117 00106 ©0011¢ 0018 00115 00120 00130 00129 00127 00108 198) 0.1297
1982 00107 000z 05122 00112 g0t 00118 00113 ooioe 0.0087 00849 00087 00085 1982 0.1281
1983 0.0084 0.00/9 00084 0.0081 (0085 0.008% 0.0082 0.0103 0.0094 0.0092 0.0097 0.0081 1983 0.1035
1984 (1.0096 0.0088 0.0095 0.0101 J0104 o010s 00113 0.0108 0.0095 g.010 (.0083 00093 1984 01168
1985 (.0080 0.00681 0.0089 Q.00a7 .009G 00073 0.0083 0.C087 0.0082 3.0087 0.0074 0.067: 1685 0.1029
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Appendix A-11

Intermediate-term Gavernment Bonds: Income Returms

From 1926 to 2018

Year Jan Feb Mar Apr May Jun Jul Aug Sep. Oct Nov Dec Year Jan-Dec’
1986 00071 0.0066 0.0068 0.0060 (3.0060 0.0068 00082 0.0057 0.0058 3.0060 0.0062 00060 1886 30772
1987 0.0055 0.0052 0.0080 0.0058 (1.0082 0001 04085 0.0068 (.0088 3.0073 0.0070 0.0070 1987 a.07ar
1988 0.0065 0.0066 0.0064 0.0063 a0072 00070 00084 0.0077 0.0072 3.00M 0.0067 G.a071 1888 o08z4
1989 Qo077 00066 G078 00071 0.0080 0.0070 0.0067 0.0067 0.0065 20077 03063 00080 1889 0.0846
1930 0.0071 0.0064 0.0089 0.0071 00078 00067 00072 0.0088 {0065 20074 0.0067 Q00RY 18490 40815
1997 0.0064 0.0059 0.0089 0.0070 {.0065 3.0059 0.0089 0.0082 (0.0061 0.0068 00082 00066 1897 J.0743
1992 0.0052 0.0082 0.0080 0.0058 00056 00058 0.0053 0.0050 3.0047 0.0044 0.00580 00053 1942 0.0627
19483 0.0049 0.0045 0.0044 0.0045 J.004) 0.0080 Q.0041 0.0044 0.0041 3.0038 0.0042 00043 1€93 (.0553
1994 00045 00039 03048 00049 2.0058 0.0055 0.0065 0.0080 00055 G oned 0900¢7 00063 1994 2.0607
1895 0.0067 0.0056 0.0060 0.0054 30062 Q0080 00057 0.0051 2.0047 0.0082 00047 00043 1895 20869
1946 00046 0.0041 00048 0.0053 0.0054 0.0080 0.0058 0.0052 G.0056 00053 00047 00080 1595 J.068%
1997 0.0062 00047 0.0054 0.0055 00054 0.0085 0.0054 0.0046 G.o054 0.0058 0.0043 0.0052 1997 00514
19498 004G 00041 002049 0.0046 {(.0045 0.0049 0.0047 0.0046 ¢.0041 3.0035 00036 00039 1998 00529
1999 00037 00035 00048 00043 3.0041 Q0052 0.0048 0.0051 (.0048 20046 50052 00052 1999 10530
2000 0.0054 0.0082 0.0056 0.0048 40059 00054 00063 0.0051 2.0047 0.0057 0.0047 0.0043 2000 30519
2001 00032 00026 Q027 00033 0.0042 0.0040 0.0044 0.0033 £.0034 G 0035 0.0030 00035 2001 00427
2002 0.0038 .0034 0.0034 0.0045 40039 00034 0.0037 00029 J.0027 0.0022 0.0022 00028 2002 0.0398
2003 003524 0.0624 0.0024 0.0023 3.0023 0.0019 0.0020 0.0025 0.0029 G.0022 0.0023 0.0029 2003 0.0285
2004 0.0026 0.0024 00026 0.0023 a.0027 00034 0.0030 0.6031 0.0026 2.0026 Q027 04030 2004 30328
2005 0.0031 0.0028 (1.0034 0.0033 00034 00033 00030 0.0037 0.0031 {:0035 0.0036 00036 20056 35.0392
2006 00037 00034 00039 0.0037 00044 0.004% 0.0043 0.0040 0.0036 £.0039 00036 00034 2006 00454
2007 0.0041 0.0036 0.0037 0.0038 00038 00038 00043 0.0038 00032 0.0037 0.0035 04028 2007 50444
2008 00331 00024 00022 0.0020 0.0025 0.0028 0.0028 0.0025 0.0026 3.0024 00020 0oTh 2008 §.02496
2009 go0i2 00074 Qoms 00014 00016 0.0021 00022 0.0027 00019 somsa goe 00015 2009 ooz
2010 0.0022 00019 0.0021 0.0021 {0018 0.0019 0.0016 0.003 4.0010 00009 0.0009 00011 2010 0.0192
2011 0.0319 Qo7 0001¢ 0.0019 0.0018 Q0014 00014 08012 0.0007 30008 0.0007 Qooor 2001 0.0164
2002 0.0007 0.0006 0.0008 0.000% 0.0007 0.00es 0.0006 0005 0.0004 3.0005 0.0005 00004 2002 0073
2013 00007 0 0007 00004 0.0007 0.0008 0.00C8 00012 o.oon 40013 SO0 00009 00010 2013 30102
2014 0.0076 0.0072 0.0013 0.0014 0.0014 00012 00013 0.0013 0.0014 0.0014 00012 00012 2014 00163
2015 00014 00010 0.0014 gooz aoon g 0013 00014 nomasa 0.0013 0.0011 00012 00014 2015 3.0181
2016 0.0015 Q0012 0.0011 0.0010 0.0011 00011 0.0008 0.0009 0.0010 0.0010 0.0011 00015 2016 0.0136
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Appendix A-12

Intermediate-term Government Bonds: Capital Appreciation Relumns

From 192610 2018

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec VYear Jan-Dec’
1926 0.0036 0.0000 0.3009 0.0059 -(10023 -0.00C5 0,008 -0.0023 00018 0.0023 0.00%4 00059 1926 0.0151
1927 0.0027 0.0009 cgooe  -00014 -0 0009 00ac0 00014 0.0027 00032 -0.0064 0.0055 Qoooe  1e27 0.0096
1928 0gats -00032 -00018  -000382 -00036 -0.0014 -0.0122 00018 -0.0005 o00en 0004 -00041 1928 -0.0273
1929 0.0063 00054 -0.003 00054  -QC0SE Q0072 0031 08018 -00049 43.0138 00180 000714 1929 aMmsT
1930 -0.0073 0.0064 00133 -0.0100 0.0032 00115 0.0028 -0.G005 1.0037 0.0051T 0.004¢ 00000 1930 3.0330
1931 -(1.00497 0.0074 Q0028 0.0060 oo -00240 - 0004 0co0s -00142 0071238 00018 00193 a3 10540
1932 -0.0067 (0.0094 0.0045 0.0164 -g.m2z2 00077 0.0091 0.5098 0.0000 G008 0.0005 00092 1832 0.0502
1933 -0.0041 -0 002 00074 00032 o0i7e -00014  -00028 0.0051 00005  -00047 0.00¢ 00280 1933 -3.0099
1634 0.0100 00028 00162 00158 30097 0Qo7e -pO04s D013 00160 a.01684 0.0024 aoig2 1834 40547
1935 00093 00088 Qo107 0.0080  -G008C 00088 0.0022 00086 -0.0072 0.0093 00602 00105 1985 0.0494
1936 -0.0017 0.0056 Q0018 0.0012 40076 -0.0001 0.0010 00038 -00001 0.0014 Qo070 -00067 1936 00160
1937 -00.0042 -0.0004 -00176 0.0032 00067 -0.0527 0.0045 (L5056 0.0068 00020 0.0030 00051 1937 0.0005
1928 00067 00036 -0 8030 090214 {0008 0.0061 -0.0003 gooon -Co0Ze J007e -00074 00039 1938 30437
1932 0.0016 0.0071 0.0069 00028 40084 -000CT 00030 -0Gi55  -00273 0.0320 0.0063 00098 1838 cg318
1940 -0.0023 0.0027 00080  -000058  -G.0221 00177 -0.0C05 0.C035 0.0040 SRaTCH 0.0050 00023 1840 3.0204
1941 (.0006 0.0062 0.6061 00027 00008 00081 -3.0004 0otoe 00004 0008 0.0096 00023 7947 0017
1947 0.0G66 (.0009 00018 00016 a.001e 2.0006 -0.0008 00017 -0.0029 0.0011 00011 00006 1942 g.ony
1943 0.0025 0.0001 0.0007 0.0010 00044 00020 0.0008 -0.6010 0.0007 G.0005 0.0002 00008 1843 10123
1644 -0.0002 (.0004 0.3007 00016 -00008  -DOGCS 0oMma noomz 00000 -G.0007 -0n0n3 -00001 1944 4.0035
1945 0.0040 00028 -0.0006 90005 3.0002 (.00C9 0.0010 0.0008 0.0008 0.0006 0.0001 00012 1545 5.0102
1946 0.0030 00040 -00045  -00028  -00003 00024 -00019 0005 -00020 00018 -00018 0.0022 1946 -¢.0008
1947 00012 -0.0003 00014 -0.002 -(.0002 -0.00032  -0.0005 00016 -0.0070 -0.0033 -0.0004 00008 1947 -3.0030
1948 00002 0 0006 00003 0.0006 00042 00021 -0.0015  -00018  -00003 3 00so Jo00s 00019 1848 0.0027
1949 0.0015 <0.0001 0.0012 0.0003 2.0010 9.0038 0.0010 a.0018 00002 -3.0004 -0.8008 00002 1949 0.0095
1850 Q0216 -00002 -00011  -0.0003 00007  -0.0008 Q.0c08 -Q0019  -QO015 -SO0013 00005 -00004 1950 -0.0069
145! 0.0006 -0.0007 (1.0742 0.0040 -0.0058 00033 0.0040 00018 -0.0072 -3.0003 Q.oo1s 0.0034 1957 10163
1952 00319 -00037 00048 0.0037 00004 -00083 -0.0052 -00042  -0.0002 ¢004e 00023 -00002 1982 30057
1953 -(0.0022 -0.0076  -0.0038 00117 -00138 00129 0.0632 -0.0031 801N 3.0018 -0.0006 00083 1953 2.0061
1654 (.0349 (0.0086 0.0013 0.0031 -0 0084 oMes -00018  -0.0001 -00032  -0.0020 -00015  -00010 1954 90108
1955 -0.0080 -0.0070 00004 -00015  -00026  -00057  -0.0C91 -00018 0.0059 (.0080 -0.0574 -0.0033 1955 -0.0310
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2017 SERI Yearbook Appendix A- 17 (85}

Appendix A-12
intermediate-term Government Bonds: Capilal Apprecialion Relurns
From 192610 2016

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year Jan-Dec’
1956 0.0080 -Q.0078 -0.M22 -0.0027 00088 -0.0020 -0.0120 -(0.8120 (.0066 -0.0049 -0.0075 -0.0079 1956 -(.0345
1957 00207 -0.0037 -00009 -00130 -00047 -00133 -00051 00077 -0.0030 0.001¢ 00365 00788 1957 0.0405
1958 00310 Q017 00031 0.0031 0.0041 -00ce8  -0.0112 -0.0378 -40048 -0 0029 00193 00093 19588 -0.0417
1459 0.0045 00078 0.0070 00084  -00034 0013 00004 -0one L0019 0.0134 -0.0130 -0.0080 1959 0.0456
1850 00135 0.0032 0.0253 -(.00%6 -0.0006 0018z 0.0236 -0.0034 (.00 -0.0073 00122 00180 1960 o074z
1961 -(.0089 0.0063 0.0008 0.0026 -00058 00054 -0.0024 00013 (.0049 -0.00182 -0.0043 00012 1961 072
1962 -0.0080 00124 0.0058 -0.000% g.0ms -Q0DEs  -0.0045 0.0092 -3.0007 0.0018 0.0031 0.0026 1962 0.0173
1963 -00089 -000% 00002 -0000z -00017  -00015 -00C30 -0C012  -0OD19 -00022 00008 -00032 1963 -0.0210
16g4 -0.0201 -0.0619  -0.0019 -Q oot 40049 oooco -00008 -D.0006 J0012 00008 -00037 000z4 1964 -0.0003
1865 00509 0033 0.0006 -0.0007 0.0002 00612 -0.0016 -0.0017 (10039 -(0.0034 00037 00186 1965 00310
1966 -0.0037 00120 00146 -0.0056 -.0032 00084  -0.0065 -0.6171 00170 0.0037 -0.0015 00180 1966 -1.0041
18967 00077 -0.0048 00744 -0.0122 unogz -(.0265 0.0089 -0.0078 -3.0035 -0.0095 -0oMe -0.0038 1967 -(.0385
1963 0omes  -00003 -0.0069 -0.0065 00015 0123 0128 -06027 G.oon -0 0035 -0.0054 00220 1968 -.0089
1959 00032 -0.0081 0.0048 0.0021 0013 00142 00024 -0007z -0.0361 00266  -00103  -00260 1969 00727
1970 -0.Q035 00378 04024  -00%68 0.0049  -0.00Ce 0.0087 0.0084 0136 00037 0.0393 00005 1870 0.0871
1971 0.012% 00181 0.8139 -0.0367 -0.0034 -0 0240 00027 00294 00022 poIv3 0.0008 00064 197 00272
1972 0.0058 -0.0430 ~0.0031 -(.0030 -0.0035 =(.0003 -0.0034 -0.0035 -(1.0033 -0.0037 -0.0008 00143 1972 -0.0075
1973 -3.0062 -0.0123 -(.0008 0.0007 0.00m -(0.0059 -0.0336 00180 0.0195 -0.00143 0.0009 00018 1943 ~(.0219
16974 10042 -0007&  -00286 -0.0217 Q0063 00147 -00086 -0.0078 a.0247 (1.0043 am7s 00320 1974 -0.0199
1975 -C 0008 00092 00119 -0.024% 00187 (0035 -0.0c04 -0.0070 -(.0059 00288 0.0085 00131 1978 p.oonz
1978 -0.0203 0.0028 0.0010 Q0057  -00200 00090 0.0059 00127 2009 0.0093 00264  -00024 1976 0.0525
1977 -0.0741 -0.0002 -0 0007 -0.0001 -3.0002 00048 -0.0051 -0.0082 -3,00417 -0.0178 [BREISRN -00082 1977 -0.0515
1978 - 0053 -0 0041 -0 00249 =00036  -00072  -00087 0.0028 00010 -00008 -cO0184 00020 -0000s 1978 -1.0449
1974 -0.0024 -0.07125 0.0038 -0.0044 001186 0.0135 -0.008s -0.0163 -(.0065 -(3.05583 0.0274 00001 1979 -(.0507
1980 -0.0221 -00724 00036 0.108% 00409 00152 -00185  -00463  -00135 -00248  -00067 00060 1380 -0.0681
14981 -.0069 -0.0331 00146 -0.0322 00135 -0.00589 -0.03858 0.0293 3.0034 0.0482 0.0602 00250 1981 0.0455
1982 -0 0057 00048  -00030 00186 0.0045  -0.0253 0.03851 0.0359 ¢.0228 00442 -0 0007 00i00 1982 01423
1983 -(.0076 00173 -0.0133 0.017¢r -(10208 -0.0069 (30280 -(.0023 (0.0220 -3.0073 G002 -0.0043 1983 -(1.0330
1684 0.0081 -0.0153 -0.012¢ -0.0104 00353 -0 0007 g2e0 -0.0005 0.0106 00274 0.00489 00050 1984 g2z
1985 00116 -0.0261 0.0077 0.01e7 0.0388 00035 -00129 0.0067 4.0031 0.00817 oo Q0178 1985 a.09M
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Appendix A-12
intermediate-term Government Bonds. Capital Appreciation: Returns
From 1926 10 2016

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec  Year Jan-Dec’
1986 00331 00230 00270 0.0021 00274 0.02C8 0.0095 00208 00168 00102 0.0061 <0083 1986 0.0699
1987 0.0051 00007 -0.0091 -0.0302  -00100 00083 -00040 08106 -0.0209 0.0226 00073 0.0023 1987 -0.0475
1988 0.0251 0.0057 -0.0:51 00107 00122 PRORE -0.0111 -0.0086 ooizd 00077 -00182 -00081 1988 -0.0226
1989 00044 0017 -00029 0.0144 o132 (.0254 00168 -0.0307 4.0004 50166 00027 -0o048 1989 0.0434
1930 076 -0.0087 -00087 00148 Q0186 00084 00102 -00160 35,0030 0.0096 00126 0.0095 19490 coz2
1997 00042 -0.0G11 -0.0036 00046  -00006  -00081 0.0060 00784 (0.0160 GO0 0.0076 00209  1499) 5.0736
1992 -.0247  -0.0030 0.0313% 0.0039 00168 00118 00189 0.0100 00147 00226 00134 00093 1992 0.0064
1993 0.0221 00198 -05006 00043 -0.00% 0082  -0.0C3% 0.0179 00015 00020 -001358 00011 1993 0.0550
1994 00093 00297  -00306 -00154  -00060  -0.0084 00115  -00084 -00213  -00084 0013 -00010 1394 -Gt
1995 00115 00178 0.0003 0.0090 00307 00030 -00066 0.0035 0.0 T 0.0069 00102 00052 1996 £.0966
1996 00040 00178 00ie4 00103 00086 g0ge?  -00033  -00057 GO0 40129 0.0102 00728 199 -0.0330
1997 -g0027 -00045 -0.0%68 0.0093 00024 0.0048 00210 -0.0143 0.0088 0.0100 00045 0.0054 1947 0.0195
1998 00134 -00080  -00024 0.0015 0.0025 00030 -000zZ0 0.0225 3.0289 00006  -0.0134 -00002 1998 0.0466
1999 oooig 00297 00038 -00023  -0.0188  -00020 -0.0053  -00035 00049 -00054  -00060  -00I00 18999 -2.0706
2000 -G.0107 0.002¢ 00147 -00091  -00007 00138 040019 0.0083 o049 {.0028 o.0127 00171 2000 00594
2001 00068 09479 00049 -00146 -0.0049 0.0025 0.0203 0.0056 40219 go145  -0.0207 00117 2001 20323
200% -0.0003 coor3 00276 00183 00079 00135 0.0234 0.0138 00261 0046 -0.0197 00251 2002 G.0865
2003 -0.01713 0nies  -G.0031 -0.0010 00250  -00054  -0.033% -0.0083 00279 -0.0188  -0.0038 00080 2003 -(.0048
2004 0.0026 0.0100 00074 -00357 -00076 00018 0.0651 06is4 -00014 000398 -00154 00036 2004 -0.0107
2005 -0.0o0s -00139  -0.0073 00134 00069 goomz  -00173 00124 -00155  -0.0098 0.0023 00026 2005 -3.0258
2006 Q0073  -0.0051 -0.0095 0.0045 0.0049 0.0019 0.0082 0.009 o042 0002 0.0062 00102 2008 -0.0151
2007 -0.0061 00134 00012 00008 -00141  -00028 0s132 00147 00026  -0.008% 0.0330 00021 2007 0.0533
2008 00231 00210 0.0081 00314 -00110 0.0047 0.0036 0.0079 0.0058 a022 00410 00745 2008 3.0992
2008 -00175  -00088 00168  -00179 -00148  -0.0097 0.0034 0ou7e 0.0056 ooni2 00166 -00256 2009 -0.0442
2010 noz 00052  -0.0708 0.0073 00133 oo 0.0142 00115 (Lo039 00085  -0.0091 00182 2010 0.0516
2011 00044 -00070 -0.0024 00136 oo1el -0.0015 0.0188 00198 0.0001 00002 0.0028 00043 2011 0.0709
20012 0.0002 00083  -00078 00120 goo7s -00025 0.0071 0.0010 00000 -0.0029 0.0043 00036 2012 0.0093
2013 -00068 00057 -00146 00053 -0.017¢  -0.0147 00014 00084 0.0108 00040 00002 -00132 2013 -0.0468
2004 0.01%6 0.0011 -0.0082 0.0033 00080 -00030 -0.0060 0.0081 -(.0062 0.0078 oooee  -00072 2014 00136
2015 00227 -00132 00061 -00025 -00007  -DO0GS 00037  -0.0002 00087 00063 -00083  -0.0031 2006 0.0029
2016 Q.0218 0.0045 00034 -00020 -0.0033 00164 00004 -00074 00017 -00062 -00199  -00022 2016 0.0058
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Appendix A-13

Apperclx A-13 (37}

intermediate-term Government Bonds: Yields
From 1926 to 2015

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year Jan-Dec’
1926 00386 00386 00384 00371 003/ 00377 00381 0638 00382 00877 003v4 00861 1928 0.0361
1927 00355 00353 00351 00354 00356 00356 00353 00347 00340 00854 0034z (00340 1827 00340
1928 0033 00343 00347 00354 00362 00385 00392 0038 00389 00389 00392 00401 1928 (L0401
1929 00415 00427 00434 00422 00444 00428 00421 00417 DO0428 00398 00365 00362 1929 00362
1930 00378 00364 00335 0037 0030 Q032 00318 08320 00312 O30T 0029 00297 1830 (10291
1931 00372 00206 00290 00277 0025 00308 000 0032 00343 00373 00383 Qo412 19n 00412
1932 00427 00406 00396 00260 00387 00370 00350 00329 00339 00825 00324 00304 7932 0.0304
1933 00313 00319 00303 00296 00258 00261 00267 00256 00285 00265 00264 00325 1833 00325
1924 00325 00321 00206 00272 00257 00246 00252 0271 00298 0027 (0267 00249 1934 0.0249
1935 00233 00278 00199 00184 00183 00178 00171 00187 00201 GO183 00183 00163 1835 00163
1936 00166 D055 QOI51 00148 00143 00143 00141 00133 00133 00130 00114 00323 1936 0.01729
1937 00134 00135 0084 00175 00186 00184 00151 00188 00147 00147 00131 0014 7887 00114
1938 00205 00200 00204 00174 00173 00184 00184 00184 COI68 00186 0U0IB8 00152 1938 00152
1939 00149 00133 04127 00122 00108 00110 00105 00131 00180 20127 00116 00098 1938 0.0098
1940 00103 00098  000B3 00084 00127 00092 00003 0008 00078 Q0072 0008 1240 0.0057
1941 0.007 00088 00075 00068 00087  QOCSS 0006 00065 00056  DOOBY 00078 00 194 00082
1947 00083 00081 00077 00074 00071 00070 00071 00089 00076 00073 0.0070 0 1942 0.0072
1943 00186 Q0166 00184 00162 00153 00149 00147 08149 Q0149 Q0147 0047 o1 1643 0.0145
1944 00150 00150 00748 00143 0M4E 00147 00142 00139 00138 00139 00140 (0740 1944 Co140
1945 00127 00118 00120 00118 00117 00114 00118 08115 00112 00109 00109 00703 1845 00103
1946 00093 00087 00T Q0111 @0112 00103 00110 05112 00120 son4 oo 00112 1946 00tiz
1947 0016 00177 00112 00120 00121 60122 00124 00117 00121 G013 00138 00134 1947 0.0134
1948 00160 00158 00157 00155 00142 00149 00154 00160 00161 00161 00188 00151 1948 0.0151
1949 00153 00153 00148 00147 00144 00129 00125 0O117 0018 001200 08124 00123 1948 00123
1950 00131 00132 00137 00138 00134 00139 00134 00145 00154 0162 00159  0Qi62 1880 Co1e2
1951 00179 00180 002117 00202 00215 00208 00199 00194 00212 GOZ12 0 00203 00217 1eB 0.0217
1952 00212 00222 00200 00199 00188 00213 00228 00247 Q0242 Q022 00235 00235 1952 0.0235
1953 00742 00245  DO253 00277 00307 00279 00272 0029 00241 00237 00238 00218 1653 00218
1954 00187 00157 (0153 00142 00173 00131 00138 00138 00152 00187 00188 00172 1854 00172
1955 0.0227 00240 00240 00242 00246 00257 00276 00280 00267 00257 00273 00280 1985 0.0250
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Appendix A-13

Intermediate-tarm Government Bonds: Yields

From 1926 to 2018

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year Jan-Dec’
19556 0.0271 0.0275 0.3300 0.0305 10287 00292 0.0377 0.0346 0.0331 0.0342 0.0359 0.0363 1956 00263
1957 00328 0.0333 0.3334 0.0357 00366 00390 00394 0.0385 0.0330 0.0388 0.0320 00284 1857 0.0284
1858 00282 00259 00253 00246 00238 0.02580 00281 0.03865 00376 00382 00359 0o3st 1958 0.0381
1969 0.0395 0.0378 00393 00413 Q0420 00447 0448 00477 3.0482 0.0448 0.0482 0.0498  1¢89 0.0498
1960 0.0471 0.0464 00408 0.0431 .0azy 00340 00334 0.02343 0.0343 0.0345 0.0377 00331 1860 0.0331
1961 0.0363 0.0350 0.0348 0.0342 0.0358 0.0368 00373 0.0376 (0365 2.0368 0.0381 00384 1961 003584
19582 0.0402 G.0377 0.0366 0.0367 (3.0363 00375 0.0384 0.0365 0.0366 00362 00355 00350 1962 0.0350
1953 00368 00370 04370 00371 0.057 00378 00385 0.0388 00392 00388 20395 00404 1963 00404
1964 0.0402 0.0407 00411 00411 40382 00399 00401 0.0402 2.0399 0.0399 0.0409 00403 1964 2.0403
1665 00433 00416 00414 0.0416 0.0415 0.0413 00418 0.0420 0479 00437 00444 00430 1865 0.0430
1966 (.0482 0.0507 00477 0.04849 00498 00510 0.0525 0.0565 0.0576 0.0519 0.0822 00479 1868 0.0479
19587 00459 0.0470 00437 0.0466 H0465 (1.0530 0.0508 0.0528 G.0837 0.0562 0.0566 00577 1867 o577
1968 00548 00549 00863 0.0577 00574 00547 (0.0518 00523 G.0520 00528 0541 00556 1968 00536
1969 0.0637 0.0651 0.0640 0.0636 00666 00699 00893 Do71 20739 0.0735 0.0767 0.0823 1969 0.0829
1970 00820 00730 Qo724 0.0790 00778 00780 0.0757 0.0743 80707 00697 0.0591 00830 1970 0.0530
1971 0.0570 0.0526 0.0492 0.0585 00583 0 0656 00663 0.0585 0.05691 {1.0545 .0643 0.0525 187 0.05825
197z 00558 0.0663 00570 00577 00588 0.0587 0.0595 0.0604 0.0613 00623 0.0625 0.0885 1872 0.0585
1973 0.0641 Q.0671 0.0673 0.0671 206/ (0686 g.077¢ 0.0725 00674 00677 00674 00679 1973 0.0679
1av4 0.0687 0.0691 00751 0.08M 00786 00822 00838 0.0857 a.07vaer 0.0787 00743 aoriz 1674 0.0712
1975 00730 0.0709 00737 0.07498 00749 00758 00782 0.0800 20815 00736 00754 00719 1875 0o79
1976 0.0743 0.0736 0.0733 00718 00Tt 00747 00732 0.0697 008592 0.0667 0.0634 0.0600 1976 0.0500
1977 00673 00673 00673 00674 40674 (3.0662 006875 D.068Y 0.0700 0.0733 norey 0arsr 1877 0071
1978 Q0773 00784 0079 0.0800 {10820 0.0843 0.0835 0.0833 30835 g 0887 00882 0g8B3 1978 0.0883
1979 0.0895 0.0928 0.0918 009z {1.0899 0.0864 0.0887 (.0933 .0951 01112 01033 01033 185 0.1033
1980 01093 01294 01285 01008 0.0903 00944 0.0%9% 0.1133 o 01244 01254 01245 1880 0.1245
198t 01275 0.1371 0.1328 0.1427 01385 01404 01533 01836 0.1625 01472 013811 01396 1681 0.13%
1982 01397 01385 01406 073355 01343 01417 0.1315 01208 4.1144 gi0ig 01620 00930 1882 0.0930
1983 0.1057 0.1010 0.1048 0.0997 01054 01080 01168 031175 01108 0.113) 01127 01741 1983 0.1141
1684 01137 g1i8l gi2a 0.1251 (01363 01365 01274 01276 (0.1242 01184 01121 01104 1984 g.i104
1985 0.1081 0.1152 0113 0.1084 0.0974 (10984 01002 0.£982 0.0973 0.0a49 00911 0.08585 1985 0.0855
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Appendix A-13
Intermadliate-term Government Bonds Yields
Frowm 1926 1o 2015

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year Jan-Dec’
1986 00870 00815 00743 00737 00816  00:i56 00728 00688 00718 00687 00669 00885 1886 00685
1987 00685 00683 00708 00793 00821 008G 00818 00849 00912 00844 00840 0D832 1987 0.0832
1988 00782 0O768 00807 00836 00870 00836 00871 0898 00859 00837 00892 00917 1988 00917
1989 00895 00927 00934 00895  0DOS6C 00791 00745 00834 00833 Q0786 00779 00794 1689 00794
1990 00842 00855 00871 00907 00864 00843 00819 00859 00881 00826 00795 00770 1990 00770
1991 00772 00774 00783 00772 00772 00793 00778 DOV32 00893 00673 00683 00597 1891 00897
1992 0.0683 00880 00720 00711 00674 00647 00604 00581 00547 Q0601 00634 00611 1992 00811
1993 00588 00547 00548 00540 00551 00517 00526 00486 00483 00488 00619 00522 1993 00522
1994 00515 00575 00838 00670 00682 00699 00675 00683 00730 00749 00778 00780 1994 00750
1995 00754 00708 00707 00685 00606 0058 0QFIG  0C0B06 00601 00582 00553 00538 1995 0.0538
1996 00528 00573 00614 00640 00663 00645 00654 00670 00643 00607 00578 00616 1996 00616
1997 00629 00839 00677 00856 00650 00639 00589 08624 00801 00676 00887 Q0673 1997 0.0573
1998 00545 00562 Q0567 00564 00858 00851 00856 00503 00435 00434 00467 00468 1998 0.0468
1999 00467 00535 00826 00532 00876 00581 00504 00602 00590 0004 00619 00845 1999 00845
2000 00675 00653 (00636 00857 00658 00626 00621 00801 00589 00582 00851 00507 2000 0.0507
2007 00499 00482 00471 00504 00515 00510 00484 00450 00399 00365 00413 00442 2007 0.0442
2002 00459 00442 00504 00461 00443 00412 00358 00325 00266  00Z76 00323 00261 2002 0.0261
2003 00310 00276 00283 00285  0O0228 00240 00322 00335 00267 00807 00317 00207 2003 00297
2004 00315 00293 00276 00360 00378 00374 00362 00322 00326 00316 00356 00347 2004 0.0347
2005 00375 60405 00421 00392 00377 00374 00415 00385 00422 00446 00440 00434 2005 0.0434
2006 00449 00460 00481 00491 00502  0O0506  0.0487 00465 00455 00462 00439 00465 2006 0.0465
2007 00479 00448 00451 00440 00483 00480 00457 00420 00413 00435 00333 00328 2007 00328
2008 00301 00256 00245 00316 00340 00330 00322 00303 00289 00260 00161 00126 2008 00126
2009 00180 00202 00188 00206 00238 00250 00251 00234 00222 00218 00180 00242 2009 0.0242
2010 00242 00231 00254 00238 00208 00184 0015 00124 00115 00102 00124 00170 2010 00170
2011 00215 00229 00234 00206 00172 00176 00134 00091 00090 00090 00084 00074 2071 00074
2012 00078 00093 QO 00084 00068 00074 00058 0006 00056 00062 00082  GOOBI 2012 0.0061
2013 00094 00083 00079 00067 00104 00136 00133 00152  ¢0127 00118 00117 00749 2013 00149
2014 00160 00158 00176 00168 00150 00157 001717 00167 COI71 00153 00137 00155 2014 0.0155
2015 00125 00153 00140 00146 00147 00162 00154 00154 00134 00149 00162 00169 2015 00169
2016 00142 00133 00126 00130 00137 00102 00103 00120 00116 00130 00179 00185 2016 00185
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Appendix A-14

U8 Treasury Bills: Total Returns

From 1926 t0 2015

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year Jan-Dec’
1926 0.0034 0.0027 0.2030 0.0034 2.0001 00035 00022 0.0025 3.00723 0.0032 0.003% 00628 1928 00327
1927 0.0025 0.0028 0.2030 0.0025 00030 00026 00030 0.0028 oo 4.0025 a.o02? 0o0z2 1827 g0siz2
1928 00025 00033 00029 0.0022 £.0032 0.0031 00032 0.0032 0.0027 00041 00038 00006 1528 0.0356
1629 0.0034 0.0036 02034 0.0036 00044 00082 00033 0.0040 3.0035 (.0048 0.0037 00037 1929 0.0475
1930 0.0074 0.0030 0.003% 0.0021 00026 oo Q.06G2 0.0008 0.00%22 00008 00333 00014 1830 0.0241
14931 0.0015 0.0004 040013 0.0008 0.0009 00008 0.0608 0.0003 3.0003 0.0070 00637 0002 193 a.107
1932 0.0023 0.0023 00016 0.0011 0008 0.0002 0.0003 0.0003 0.0003 3.0002 0.0002 00001 1932 0.0096
1933 00501 -00003 04004 0.0010 G.0004 0.0002 0.0002 0.C003 00002 o000t 00002 00002 1833 300630
1934 0.0005 0.0002 0.0002 0.0001 0000 0001 80001 0.0001 £.0001 G.000° 00007 0ooMm 1834 00016
1935 0.0001 00002 0.0001 0.0001 J00m 0.0001 0.0601 0.0001 40000 0.0001 0.0002 00001 1835 ooy
193 0.0001 0.0000 0.G007 0.0002 40002 00003 0000 0.0002 G.0001 0.0002 0.0087 00000 1436 00018
1937 00001 0.0002 0.0001 0.0003 0.0005 0.0002 0.0003 0.0002 4.0004 3.0002 00000 1987 0.0031
1938 00000 00000 -00001 0.0001 £.000C 00000  -0.0C01 0.0000 3.0002 00007 00000 1438 ~(3.0002
1939 -0.0001 0.0001  -0.0001 0.0000 g0om 00001 0.0000  -0.0001 2.0001 0.0030 00000 1938 $.0002
1840 00000 00000 0.0000 0.0000  -00002 0.00C0 0.0001 -0.0001 $.0000 lsiaeis) 00000 1840 2.0000
1941 (.00 -(.00M 0.0007 -0.0001 {.0000 0.0000 0.0003 0.0001 4.00M0 0,000 0.00600 o001 194 (10006
1942 0.0002 0.0601 0.0001 0.0001 40003 Q.0002 0.0003 0.0003 0.0003 0.0003 00003 00003 142 0.00Z7
1943 0.0003 0.0003 0.0003 0.0003 {10003 0.0003 0.0C03 0.0003 0.0003 3.0003 0.0003 (0003 143 3.0036
1644 0.0003 0.0003 0.5002 0.0003 00003 00003 00003 nceos 2.0002 0.0003 0.0003 00002 1844 £.0033
1945 0.0003 0.0002 0.0002 0.0003 (3.0003 0.0002 0.0003 0.0003 2.0003 20003 0.0002 06003 1845 G.0033
1946 0.0003 0.0003 (.0003 0.0003 J0002 00003 00003 0.0003 3.0003 0.0003 0.0003 00003 1848 00035
1947 0.0003 0.0003 0.0003 0.0003 0.0003 0.0003 0.0003 0.0003 0.0006 0.0006 0.0006 00008 1947 2.0050
1948 00007 00007 0000g 0.0008 {.0008 0.00C9 0.0008 05009 0.0004 30004 00004 00004 1548 2.0081
1949 00410 0.0009 0.000 0.000¢ 20010 0.0010 0.0009 0.0009 0.0009 0.0009 0.0008 00009 1844 0110
1950 0.0009 00309 00010 0.0008 00010 Q.0010 0.0010 00010 00010 00012 Q0017 00011 1880 50120
1951 0.0013 0.0070 0.0011 0.0013 40012 00012 00013 00013 g.0012 g.00186 0.8011 048012 1857 00145
1952 00015 00012 00011 000z 0.0013 00015 00015 0.0015 50016 coo4 20010 00016 1852 43.0166
19563 0.0016 0.0014 0.0018 (.0016 0.0017 00018 00015 oeomy 00016 3.0013 0.0008 Q003 1883 00182
1954 0.0311 (.0007 0.0008 0.0008 00005 00006 0.0008 0.C005 0.0009 0.0007 0.0006 00008 1854 £.0086
1955 0.0008 0.0609 0.0010 0.0010 0.0014 00010 0.0010 0006 0.0016 0.0018 g.0m7 000718 1885 00157
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Appendic A-14 (41}

S Treasury Bills: Total Returns

From 1926 10 2015

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year Jan-Dec’
1956 0009 — 0O00'9 00015 00018 00023 00020 00022 00017 00018 00028 00020 00024 1950 0.0246
1657 00027 00024 00023 00025 00026 00024 00030 00025 00026  0.0029 00028 00024 1957 00314
1958 00028 00012 Q000G 00008 00011 Q0003 00307 00004 00019 00018 00011 00022 1958 00154
1959 00071 G000 00022 00020 0CO22 00025 00025 00019 00031 00030 00026 00034 1959 00295
1950 00032 00029 00035 00019 00027 00024 00013 00017 00016 00022 00013 00016 1860 0.0266
1961 00079 00014 00020 00017 00018 00020 0008 00014 00017 00019 08015 00019 1861 0.0213
1964 00024 00020 00020 00022 00024 00020 00027 00023 00021 00026 © 00020 00023 1962 0.0273
1952 00025 00023 00025 00026 00024 00023 00027 00025 00027 00029 00027 00029 1963 0032
1964 00030 00026 00031 00029 00025 00030 00030 00028 00028 00029 00029 00031 1964 00354
1965 00028 00030 00036 00031 00031 00035 00031 00033 00031 00031 00035 00033 1865 0.0343
1966 00038 00035 00038 00034 00041 00038 00085 00041 00040 DOD45 00040 00040 1960 0.0476
1967 00043 00036 00030 00032 00083 00027 000327 00031 00032 00039 00036 00033 1867 0.0421
1968 00040 00039 00038 00043 00045 00043 00048  0004Z 00043 00044 00042 00043 1968 0.0521
1969 00053 00046 00046 00053 00048 00051  0O053 00050 00062  0.0060 00052 00064 1969 0.0658
1970 00060 00062 00057 00050 00033 0008  00C52 00053 00084 00046 00046 00042 1970 0.0552
1977 00038 00033 00030 00028 G002 00037 00040 00047 00037 00037 00037 00087 1971 0.0439
1972 00020 00075 00027 00029 00030 00029 00031 00029 00034 00040 00037 00037 1972 0.0384
1973 0.0044 00042 00046 00052 00051 00081 0OUBA 00070 00068 D006 000SE 00064 1973 00893
1974 00063 00058 0005 00075 00075 Q0060  DOO70  DCOS0 00081 00057 00084 00070 197 0.0800
1975 00058 00043 00041 00044 00044 0004 00048 00048 00083 00056 00047 00048 1875 0.0580
1976 00047 00034 00040 00042 00037 0O043 00047 00042 00044 00041 00040 00040 1976 0.0508
19¢7 00036 00035 00038 00038 00037 00040 00042 00044 00043 00048 00080 00049 1877 0.0512
1978 0009 00046 00053 00054 00051 00054 00056 00056 00062  0ODBE 00070 DOOT8 1678 0.0718
1979 00077 60073 60081 00080 00082 00081 00077 0QOPT 00083 00087 00099 00095 1979 0.1038
1980 00080 00086 00121 00126 00081 00081 00052 00064 00075 00095 0009 00131 1880 01124
1981 00104 00107 00121 00108 00115 00135 00124 00128 00124 00127 00107 00087 198 0.1471
1982 00080 00092 00098 00113 00106 00096 00105 00076 00051 00058 00063 00067 1862 01054
1983 00060 00052 00063 00071 0DO0BS 00067 00074 00076 00076 0O00ve 00070 00073 1983 0.0880
1984 00a76 00071 00073 00081 00078 00075 00082 DO00B3 00086 00100 00073 00064 1984 2.0985
1985 00065 00058 00062 00072 00066 00085 00082 00055 00060 00065 00061 00065 1985 0.0772
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Appendix A-14
U8, Treasury Bills: Total Returns
From 1926t 2016

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year Jan-Dec’
1986 00056 00053  DOD60 00052 00043 (0052 00052 00046 00045 00046 00039 00049 1886 00676
1987 0.0042 00043 00047 00044 00038 00048 00046 00047 00045 00060 00035 00039 1987 0.0547
1988 00023 00046 00044 00046 00051 00049 00051 00059 00062 00061 00057  0O0B3 1988 0.0535
1989 00055 00061 00067 00067 00079 00071 0007 00074 00065  0006& 00069 0006l 1989 0.0837
1990 00057 00057 00064 00069 Q0068 00063  0OCB8 00066 00060 00068 00057 00060 1990 0.0781
1991 00052 00048 00044 00058 00047 00042 00049 00046 00046 00042 00039 00038 1991 0.0560
1997 0.0034 00028 00034 00032 00028 00032 00031 00026 00026 00023 00023 00028 1982 0.0351
1993 00023 00022 00025 00024 00022 00025 00024 00025 00026 00022 00025 00023 1993 0.0290
1994 00025 0O021 00027 00027 00032 00031 00028 00037 00087 00038 00037 00044 1994 00390
1995 00042 00040 00046 00045 00054 00047 00045 00047 00043 00047 00042 00049 1995 0.0560
1996 00043 00039 00039 00046 00042 00040 00045 00041 00044 00042 00041 00046 1996 0.0521
1997 00045 00039 00043 00043 00048 00037 00043 00041 00044 Q0042 00039 00048 1897 0.0526
1998 00043 00039 00039 00043 00040 00041  00C40 00043 00046 00032 00031 00038 1998 0.0486
1999 00035 00035 00043 00037 00034 00040 00028 00029 00039 00039 00036 00044 1599 5.0468
2000 00041 00043 00047 00046 0005C 00040 00048  0CO50 00051 00056 00051 00050 2000 0.0589
2001 00054 00038 00042 00039 00032 00028 00030 00031 00028 00022 000717 00016 2001 0.0383
2002 00014 Q0013 00013 00015 00014 00013 00015 00014 00014 00014 00012 00011 2002 40165
2003 00010 00003 00010 00010 00009 00010 00007 00007 00008 00007  00CO7 00008 2003 0.0102
2004 00007 00006 00009 00008 Q0006 00008 00070 00011 00011 00017 00016 00016 2004 00120
2005 00076 (0076 00021 00021 00024 00023 00024 0Q030 00028 00027 00031 00032 2008 50298
2006 00035 00034 00037 00036 00043 00040 00040 00042 00041 00041 00042 00040 2006 0.0480
2007 00044 00038 00043 00044 00041 00040 00040 00042 00032 00032 00034 00027 2007 0.0466
2008 00021 00013 00017 00018 00018 00017 00015 00013 00015 00008 00003 00000 2008 20160
2009 00000 00001 00002 0OCOT  0OO0C 00001 0000 00001 00001 00000 0OOCO 00001 2009 0.0010
2010 00000 00000 00001 00001 00001 00001 00001 00001 0000T 00007 00007 00001 2010 0.0012
2011 00001 00001 00001 00000 00000 00000 00000 00007 00000  000OC  0O00C 00000 2011 0.0004
2012 00000 00000 00000 00000 00001 00000 00000 00001 00001 000D Q0001 00001 2012 0.0006
2013 00000 00000 00000 00000 00000 0O00CO 00000 00000 0000 00000 0000 00000 2013 0.0002
2014 00000 00000 00000 00000  GO0OC  000CO 00000 00000 00000 00060 00000 00000 2014 0.0002
2015 00000 00000 00000 00000 00000  0OO0O0  0OC0O 00000 00000  0.000C 00000 00001 2015 0.0002
2016 0.0001 00002 00007 00001 00001 00002  00COZ 00002 00002 00002 00001 00003 2016 0.0020
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Appendix A-15
Inflation
From 192610 2015

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year Jan-Dec’
1926 0.0200 -0.0037 -0.0056 0.0094 -.0056 -0.0075 -(3.0094 -0.0057 0.0057 0.0038 0.0038 00000 1946 -0.0149
1927 -0.0076  -0.0076  -0.0058 0.0C00 00077 00095  -0019C  -0.0058 5.0038 00058 Q0019 -00C19 1927 -0.0208
1928 -00019  -00097 00000 0.0020 0008 -0.0078 00000 0.0020 goors -00019 -00079  -00039 1928 -0.o0a7
1929 -0.0019 0.0020 0.0034 -0.0039 g00a3 00039 00098 00039 30019 0.000¢ 0.0019 -0.0088 1929 20020
1930 -(.08039 -0.0039 -0.0089 00058 -00053  -0.0058 -0.0139 -0.0060 (.0061 -0.0060 -(.0083 007143 1930 -3.0603
1931 -(.0145 -0.0147 (L0064 00064 00108 00109 .02z -0.0022 -0.0044 00067 0.0112 -0.0091  1eH - (857
1932 -0.0206 -0.0140  -00047  -0.0071 -0.0144 -0.0073 0.0000 -0.0123 -00050 -0.0075  -0.0080 -0.0701 1932 -0.1030
1933 -00153 -00358 -D0079  -0.0027 0.0027 0.0106 0.0283 0.0102 0.0000 0 Q002 00000  -00051 1983 0.0051
1934 0.0051 0.0076 00000  -000Z25 00028 Q0025 Q0600 0.00285 00150 -00074 -00025  -00025 1934 3.0203
1935 00149 00074 00024 00088 -00048 00024 -0.0C43 0.0000 0.00449 0.000C 0.0049 00024 1935 (3.0299
1936 00000 -0.0048 -0.0048 0.0000 {10000 0.0098 0.6048 00072 (.0024 ~0.0024 0.0000 0.0000 1836 am2
1937 0.0072 0024 0.001 0.0047 0.0047 0.0023 0.0048 0.0023 Q0092 -3.0048 -0.0069 00023 1837 00310
1938 -00139  -00094 00000 0.0047  -0.0047 0.0000 00624 -00024 goooo -00047  -00024 0poz4 1938 -10278%
1939 -0.0048  -00D048  -00024 -00024 20000 00000 00000 0.0000 00193 -0.0047 0.0000 -0.0048 1938 50048
1940 -.0024 00072 -00024 0.0000 0.0024 00024 -00C24  -0.0024 0024 00000 0.000C 00048 1940 0.0096
1941 0.0000 Q.0600 0.0047 0.00%4 00070 0.0186 0.0046 0.0091 0.0180 0.0nc 0.0687 00022 1841 40972
1942 0.0130 0.0885 leReRirig 0.0063 0.0104 0.00n 0.0047 0.0051 0.0020 go1m 0.0060 00080 1942 0.0929
1943 0.0000 0.0020 007158 0oy 0.00¢7 00019 -0.0078 -0.0038 (3.0039 poo3s -0.0019 00019 1943 0.0316
1644 0009 -0.0079 (L.0000 0.0088 00038 naca 00057 0.0038 2.0000 0.0088 0.0000 00038 1244 0.021
1945 0.0000 00019 0.0000 00019 0.0075 0.0093 00018 0.0000 -0.0037 00000 0.0037 00037 1845 00225
1946 00000 00037 0.0074 Q0055 00085 00109 00530 0.0220 oote 0.0198 0.0240 00078 1846 3.1816
1947 0.0300 -0.0076 00218 00000 -0.0030 0.0076 0.0091 0.0105 0.0238 0.0000 00058 00730 1947 0.0901
1948 00114 00085 -00C028 00142 0.0070 Q.0g7 a012s 0.0041 00000 -0 0047 00068 -00089 1948 0027
1949 -0.0014 -0.0111 0.0028 0.0014 -0.0014 Qoosi4  -0.0070 0.0028 0.0042 -(.0055 00014 00086 1949 -0.0180
1950 -0.0042 -0.0028 00043 00014 0.0042 0.0058 0.0092 0.0083 0.0069 G 0085 00041 00135 1980 0.0579
1951 0.0160 00118 0.0039 Q0013 0.0039 -0.0013 00013 0.Ca00 0.0064 0.0057 0.0051 00038 1ehl 0.0687
1952 Q0000  -00063 00000 00038 0.0013 0.0025 0.0078 00013 -00012 00013 00000 -00012 1882 0.0088
1963 -(.0025  -0.0050 0.8026 0.0013 (10025 0.0038 0.0025% 0.0025 J.0012 0.0028 -0.0037 (0012 1953 0.0062
1654 00025 -00012 -00012  -0.0025 00037 oomz 00000 -00012  -00025 -0.0025 0poiz -00025 1954 -0.0050
1965 0.0000 0.0000 0.0000 0.0000 0.0000 0.00C0 00037 -0.0025 0.0037 03.0000 0.0072 -0.0025 1955 0.0037
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Appendix A-15

Inflation
From 1926 to 2016

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year Jan~-Dec’
1956 00072 0.0600 00012 0.0017 0.005C 0.0062 00074 -00M 2 0.0012 3.0067 0.40000 00024 1856 00286
1957 0.0012 0.003e 0.00z4 0.0036 00024 00060 00047 0.0012 J.0012 {.0000 0.0035 0.0000 1857 2.0302
1958 00059 Qo012 00070 00023 0.0000 0002 0001z -0001% 50000 20000 00012 -00012 1958 00176
1959 003712 Q0012 0.0000 00012 gooz 00046 0oG23 0001 30034 00034 Q.0000 03000 1859 40180
1950 -0.0011 0.0511 0.0000 (1.00567 4000 40023 0.0000 0.6000 (L0071 0.0045 00017 005000 1860 00148
1961 0.0000 0.0000 0.0000 0.0000 30000 00 00045 -0.0011 0.0022 0.0000 0.0000 00000 1861 0.0067
1982 0.0000 0.0022 0.0022 0.0022 90000 0.0000 0.0022 0.0000 G005 -0.0007 (L0000 -0.0011 18682 2.0122
19563 0.0011 090211 00011 0.0000 00000 0.0044 00044 0.0000 3.0000 oot 0001 00022 13863 00165
1964 0.0011 -0.0811 00011 0001 00005 00022 ago2z -0001 00022 g.0011 0.0021 04811 1864 20119
1965 (.0000 00500 0.0011 0.0032 3.0021 0.0053 0.0C11 -0.0021 G.00z1 .0017 00021 04032 1865 00197
1966 0.0000 0.0063 0.0031 0.0042 a001c 0.0021 0.9031 0.2051 0.0020 3.0047 0.0000 0000 1%k 0.0335
1967 00000 00310 0.0020 0.0020 .003C 0.0030 0.0050 0.0030 0.0020 0.0030 00030 ood30 1867 0.0304
1968 00039 Q0029 00049 0.0029 2.0029 00058 0.0048 0.0029 C.0029 Q0067 04038 00028 1968 3.0472
1969 0.0028 0.0037 0.0084 00085 20028 00064 00045 0.0045 2.0045 2.0036 0.0054 00062 199 0081
1970 00038 00053 00053 0.0061 0.0043 00052 0.0634 00017 0.0051 30057 00034 00051 1970 20549
1971 0.0008 0.0037 00034 0.0033 20056 Q0058 0.0025 0.0025 0.0008 3.0016 040016 00041 16T 0.0336
1972 0.0008 0.0049 0.0016 0.0024 0.0032 0.0024 0.06040 0.0016 (.0040 03.0032 00024 00032 18972 0.034
1973 0.0031 0.0G70 0.0093 .0068 00061 00088 0.0823 0.0181 {.0030 {.0087 Q0073 00065 1973 10880
1974 0.0087 0mza 00113 00056 aom 00086 foors 00128 00120 1.0086 0.0085 00071 197 3.1220
1975 0.0045 0.0070 0.0038 0.0051 0044 0.0082 0.0108 0.0031 G.00449 0.0087 0.0081 00042 1875 ool
1976 0.0024 0.0024 0.0024 00042 00059 00053 00059 0.0047 2004 0.0041 0.0029 00029 1976 2.0481
1977 0.005¢ 00103 0.0062 00079 {1.0056 0.0066 0.0044 0.0038 0.0038 0.0027 0.0049 00038 1877 g.0677
1978 00054 00069 0.00c9 0.0080 {.00489 00103 0.0072 0.0051 4.0071 008G 00085 00055 1978 :.0903
1979 0.0089 0.0117¢ 0.0097 0.0115 (0.0128 (.0093 0.0130 0.0101 Q0104 0.008G .00a93 00105 1879 31331
1980 00144 00137 00144 00113 0.0099 00110 0.0008 0.0085 £.0092 Q0087 00031 0008e 1880 3.1240
1981 0.0081 0.0104 0.0072 00064 40082 00o8s 00114 0.Co77 4.0101 0.0021 0.0029 Qo029 168! jeReziEr
158z 00036 00032z -000M 0.0042 00082 o012z 0.0055 0.0027 20017 Q0027 00017 -00041 1882 3.0387
1983 0.0624 0.0003 Q.0007 00072 0.0054 0.0G34 0.0040 0.0033 0.0050 0.0027 Q.00%7 00013 1983 0.0380
1984 00056 0.0046 (.0023 0.0048 00029 0032 00032 00042 0.0048 1.0028 0.0000 00006 1c84 50395
1985 0.0319 0.0041 0.0044 0.0041 0.0037 4.0031 0.0016 0.0022 (.0031 0.0031 0.0034 Q0025 1985 Q.0377
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Appendix A-15 (45)

Inflation
From 1926 10 2016

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year Jan-Dec’
1986 g 0031 00027 00046 .0021 Q.00 .0049 0.0002 00018 40049 3.0004 0.0009 00009 198c g.onis
1987 0.0060 0.0039 0.0045 0.0054 0.0030 00041 0,00 0.0056 0.0050 G.0026 0.06%4 -0.0003 1987 00440
1988 0.002¢ 0.002¢6 0.0043 0.0052 00034 00043 00042 0.c042 0.0067 4.0033 00008 0ooi7  1e8e 00442
1989 00050 00041 00058 0.0065 .0057 0.0024 0.0024 00016 0.0032 J0048 00024 ggoie 1989 0.0465
1990 0.0103 0.0047 0.0055 00016 00023 00054 00038 0.0082 2.0084 0.0060 00022 00000 1990 a0s1
1991 0.0060 00035 0.0015 30015 00030 0.0029 0.0015 0.0029 0.0044 GO0 0.0629 00007 1891 0.0306
19492 0.00156 0.0036 0.0081 Q0014 00014 00036 0.0021 0.C028 0.0028 4.0035 00G14 00007 1992 0.0290
1993 0.0049 0.0035 00035 0.0028 o004 00014 0.0000 0.0028 0.0021 2.0047 0.0007 00000 1993 00275
1994 00027 00034 00034 00014 0.0007 0.0034 0.0027 Q.0c040 0.0027 00007 Q003 00000 1994 00267
1995 0.0040 0.0040 0.0033 0.0033 00020 00020 00000 No026 0.0020 0.0033 -0.0007 00007 1995 G.0254
1996 0.0069 00032 0.0052 0.0039 0.0019 {(.00086 0.0019 0.0018 5.0032 80032 00019 00000 1896 0.0332
1997 0.0037 0.0631 0.0025 0.0013 -0.0006 0oz 0.0012 00019 C.0025 0.0025 -0.0006 -0.0812 1987 0.0170
19498 00019 00019 0o0s 00018 G.0018 00012 00012 00012 0.0012 3.0024 20000 -00006 1998 00181
1999 00024 00012 00030 00073 (10000 00000 0.0020 0.6024 G.0048 coMms 00006 04000 19499 30268
2000 0.0030 0.0053 0.0082 0.0006 00012 00082 00023 0.C000 0.0052 a00iv 040006 -0.0006 2000 0.0339
2000 0.0063 00040 00023 0.0040 0.0045 Q0017 -0.0028 0.0000 00045 -00034  -00017 -00039 2000 0.015%
2002 0.0023 (.0040 0.0056 0.0056 0.0000 00006 0001 00033 fom7 00017 0.0000 00622 2002 0.0238
2003 0.0044 00077 0.0080 =0.0022 -0.00186 00011 0.0011 0.0038 0.0033  -0.0071 -0.0027 00071 2003 0.0188
2004 0.0049 0.0054 0.0064 0.0032 .0058 0.0032 -000156 0.0005 0.0021 G.0053 0.80U5 00037 2004 (0.0326
2005 0.0021 0.0058 0.0078 00067 -0001C 3000s 00048 0.£051 o022 2.0020 -0.0880 00040 2005 00342
2006 00076 0.0020 00085 0.0085 {.005C 0.0020 0.0030 0.0020 0.0049 -G.0054 -00015 00015 2005 00254
2007 0.0031 0.0054 0.0091 0.0065 00061 gooia -00003  -D.0018 0.0028 a.0021 00083 -00007 2007 0.0408
2008 0.0380 00029 D.ooa7? 0.0061 0.0084 0.0101 0.0053 -0.0040 -0.0014 G010 ~0.0192 00103 2008 0.0009
2008 00044 00050 08024 0.0025 0029 00086  -0.0015 00022 0.0006 qoma QU007 -00018  Z009 00272
2010 0.0034 0.0002 0.6041 00017 Q.0008 -(.0010 0.0002 0.GcoM4 0.0006 a.002 0.0004 ooy 2010 0.0150
2011 00348 00049 00098 0.0064 20047 -000N 0.0008 0.0028 00015 -00027 -0.0008 -00025 2013 0.02s6
2012 0.0044 0.0044 0.0076 0.0030 -0.0012 -00015 000786 0.0056 0.0045 530004 -0.0047 Qo027 20012 00174
2013 00030 Q0082 00026 -0.0010 a0 00024 0.0004 00012 0.0012 -3 0026 -0.0020 -00001 2013 00151
2014 0.0037 0.0037 0.0064 0.0033 0.0035 0.0019 -0.0004 -0.6m7 0.0008 -.0028 -0.0054 00057 2074 0.0076
2015 -(0.0047 (1.0043 (.0080 0.0020 Q0051 Q0035 00001 -00014  -00016  -0.0004  -0.0077 00034 2015 0073
2016 0.0 7 0.0008 0.0043 0.0047 0,004 00033 -0.0016 0.0009 0.0024 20012 -0.0076 00003 2016 q.0207
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Appendix A-16

US. Treasury Bills: inflation-Adjusted Total Returns

From 1926 to 2016

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec VYear Jan-Dec’
18926 0.0034 0.0064 (0086 -0.0058 00057 o01io 00118 00083 -0.0035 -0.0008 -0.00G7 0.0028 1926 00483
1927 0.0101 0.0103 0.0088 0.0025 -0 0047 -0 0089 00224 0.0086  -00037 -0.0033 (.0040 00042 1927 0.0531
1928 00045 00131 00026 000058  -0.0026 00110 0.0032 00013 -0.0058] 0006 0.J058 00045 1928 0.0457
1929 0.0054 Q.0065 00074 00075 00015 gom3 -00064 3.0002 0.0055 0.004% 0.0057 00085 1929 00454
1930 0.0053 0.0069 00094 -0.0038 {.0085 goog7? 0.016] 00070 -0.0039 000648 0.0085 00159 1830 0.084s
1931 0.0162 D.0153 Qo077 0.0072 a0me 00118 00028 00026 00047 D.0078 0.0130 o.mpa e Q17
1932 0.0234 00168 00084 0.0083 00152 0.0076 0.0003 00127 0.0053 00077 0.0052 00103 1832 0.1255
1933 00157 00155 00024 00036  -0.0022 -00103 -0.027 -0.c098 4.0002 00007 00002 00053 1933 -0.0021
1634 -0.0046 -0.0073 0.0002 00026 -00024 -00024 Q000 -00024  -00M47 a.0078 0.0026 00026 1934 -0.083
1935 00148 0.00M 0.0026 -0.0085 0.0050 {0026 0.0050 0.0001 -0.0047 0.0001 0.0046 00023 14935 -0,0273
1936 0.0001 0.0050 0.0051 0.0007 0.0002 -0.0094 -00047 -0.0070 -(.0023 0.0028 0.0007 Q0000 1936 -0.0102
1937 00070 -00022  -D00BS  -00043  -0.004C  -00020 -0.0043  -D0021 -G0088 00048 00071 00024 1937 -0.0271
1938 00141 00095 -00001 -00046 0.0048 000c0 -00C024 0.0024 40002 {0049 go018 -00024 1938 00284
16339 0.0547 0.0049 00023 000z4 00001 000 00000  -0.0001 -0.0189 0.0048 0.0000 00043 1839 0.0050
1940 0.0024 -0.0071 00024 00000 -00028 00023 0.0025 00023  -00024 G 0000 30000 -00047 1840 -0.0094
1941 -(.0001 -0.0001 -0.0046 00094 -0 0069 00182 00042 D.co8s9 0176 0.01049 -0.0086 00021 194 -0.0880
1647 -0012¢ -0.0083 -0.0724 -0.006% -3.0100 -0.0018 -0.0038 -0.0058 -0.007 -.0087 -0.0057 -0.0076 1942 -0.0825
1943 0.0003 -0.0017 -0.015% 00112 -0.0074 00022 0.0080 00042 -0.0036 -3.0035 0.0022 0006 1943 -0.0273
1644 00022 (.0022 0.0002 -0.0053 -0 0036 -3 0016 -0 0054 -N.0035 0.0002 0.0003 0.0003 -00035 1944 -GMm74
1945 00003 00021 0.0002 -0.0016 0.0072 -£1.0090 -0.0C15 0.0003 2.0040 0.0003 -0.0034 00034 1945 0.0188
1046 0.0003 0.0040 00070 -00052  -00081 -00105 -00854 -0.0212  -0011] -0.0183  -0.0232 -0.0075 1948 -3.1807
1947 0.0003 pogig -0 0210 0.0003 2.0033 -0.0073 -.0087 (0101 -0.0226 0.0006 -00062 -007120 1947 -3.0780
1948 -G 0105 00093 Qo037 -00132 -(100e2 00060 -00115  -00032 0.0004 30045 Qon73a 00074 1948 -30185
1949 0.0023 00121 -(.0018 -0.000% 0.0024 -{1.0004 0.0079 -0.0018 0 -0.0033 4.0065 -0.0006 0.0065 1448 0.02586
1950 0.0052 00437 -00033 -00006  -00032 -00046  -0.0087 -00073  -00058  -00043 -Q.0G30 00123 1950 -0.0434
1951 -(.01485 -Q.0107 -0.0028 0.0000 0026 0.0025 0.0001 0013 -D.0052 -3.0035 0.0040 0.0026 1957 Q0414
1952 00015 Q.0075 goom -0.0026 20006 -00010 -0.0060 Q.0002 40029 4.0007 Q00i0 00029 1852 30077
1953 0.0041 0.0064 -0.5007 0.0004 -£.0008 -00019 -0.0010 -0.6008 0.0004 -0.0012 00045 000256 1953 2019
1854 -0.0014 0.0019 (.0020 00034  -00032 -00007 00005 nomy 0.0034 00032 00006 (0033 1984 0.0137
1955 0.0008 0.0009 Q.0010 0.0010 2.0014 00c10 -0.0027 0.6047 -0.0021 g.0018 0.00058 00043 1885 00119
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Appendix A-16
U.S. Treasury Bills: Inflation-Adjusied Total Retuns
From 1926 to 2016

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year Jan-Dec’
1956 0.0035 0.0019 0.0002 00006 -0.0027 -0.0042 -0.0082 (0029 00006  -0.0036 {.0020 0.0000 1958 -(.0039
1957 00015  -0.0012  -G.0000 -0.0011 00002 -0 0035 -0.0018 Q0013 00014 00029  -0.0008 0.0024 1957 20011
1958 -G 0031 0000 -00080  -00015 0011 -0.0009  -0.0005 00016 00015 gomig -00007 00034 1958 -0.0022
1959 0.0009 0.0030 00022 0.0008 oo01d -0 0021 00002 02030 -00003 -0.0004 0.0026 00034 1859 00143
1960 0.0045 00077 (0.0035 -0.0057 00027 0.0681 0.003 ooy 00005 -G.0023 0.0002 o007 1860 S.0M¥
14951 0.0019 0.0014 (0.0020 ooy a0018 00029 00026 (.00258 (.0006 3.0019 0.0015% 000719 186! 00144
1962 0.0024 -00002 -0.0002 0.0000 0.0024 00020 0.0C05 00023 -0.0034 00037 0.0020 00034 1962 0.0149
1963 00314 00312 000z 00025 00024 00021 -0.0017 0.0025 n.aoz27 gao1g 00018 00008 1963 00144
1664 00019 0.0037 0.0020 00018 go0zs 0 00CS 0.0008 0.0038 0.0006 3,009 0002 00020 1264 0.0232
19585 00028 00030 000258  -0.0001 0.001C {0018 0.0020 0.0054 0.0010 30021 30014 00002 1565 00197
1966 0.0038 -0.0028 0.0007 -0.0007 00031 0.00GY 0.0005 -0.60G10 3.0020 2.0005 0.0040 00030 1966 o136
1867 00043 00026 0009 0.0012 0.0003 -(.00C4 -0.0019 0.8001 00z 30010 2.0006 00004 1867 G013
1968 0 0501 0o00g  -000MN Q0014 00015 -0.0C15 0.0000 0o013 00014 00013 30005 00074 1868 1.0046
1969 0.0024 00003 -00037 -000N 00021 -U 0013 00008 3.6005 oomT 00024 -0.0002 00002 1969 30045
1970 00025 00009 00004  -0001 00008 0.00C8 0.0018 0.0036 0.0002 -3 0005 ggolz  -D0008 1970 0.0098
1971 0.0030 Q.0018 00004 -0.0006 -0.0020 00020 000156 0.0022 £.0029 0.0020 0.0021 00004 7971 0.0099
1972 1.0021 -(.0824 0.0011 00005 00002 a0005  -0.0009 00013 -0.0006 0.0008 0.0013 00006 1872 2.0041
1973 0.0012 -0.0029 -0.0047 00017 -00010 -00C17 0.0041 -0.0109 00038 -Dools 00077 -0.0002 1973 Q0172
1974 -00024 00070 -00057 00018 00035 -0 0036 -D0004 -00068  -0D03%  -0.0035 -00031 00002 1974 -0.0374
1975 0.0013 0002t 00003 -3.0007 -0.0001 -0.0040 0.0C57 0.0017 0.0004 00006 00020 00006 1975 0013
1976 0.0023 g.ngio 0.0016 00000 -00022 QoMo -00012 -D.5005 0.0003 2.0000 8.0017 00012 1978 0.0026
19¥7 -0.0021 -0.0067 -0.0024 -0.0041 -(.0018 -00026  -0.0002 0.0006 0.00056 0.0022 0.0001 Qo0 eiY -0.0155
1978 -goo0s -00023  -00016 00036 -0.0048 -00049 -0.0018 00005  -G0009 -00007% 00015 Qo024 1978 -0.016%
1979 -0.001 -0.0043 -0o01s 00035 -0.0041 00012 -0.0052 -0.0024  -0.0021 -0.0002 0.0005 00010 1979 -(1.0259
1980 00063 -00048 -00023 00013 -0o01I8 -00049 00045 -0.C007 -0.0017 00008 00005 00044 1980 -0.0103
1481 Q.0022 0.0003 0.0048 0.0043 00032 00049 00070 0.0061 20023 0.0099 0.0078 0.0059 1681 0.0530
1982 00044 00060 00109 0.0070 00007 -0.0026 0.0050 0.0056 0.0034 20032 0.0087 00109 1982 0.0542
1983 0.0045 0.0068 00056 0.0000 20015 0.0033 0.0034 0.0043 0,006 0.0049 0.0054 00059 19483 0.0482
1984 0.0070 0.0025 (.0050 0.0032 00049 Q0043 00050 0.0041 3.0038 0.0074 0.0073 00058 1¢84 0.0567
1985 0.0046 Qom7 0.0017 0.0031 0.0029 00024 00047 0.0033 0.0029 0.0034 0.0027 00040 1885 0.0381
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Appendix A-16
U8, Treasury Bills: inflation-Adjusted Total Returns
From 192610 2016

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year Jan-Dec’
1986 0.0025 0.0081 08106 0.0074 0.0019 0.0003 0.0049 0.00z8  -GO004 00037 40030 00340 1886 3.0498
1987 -0.0019 0.0004 00002  -0.0009 0.0008 o007 00025  -0.L008  -0.0004 2.0034 0.00620 00042 1987 o101
1488 00003 00020 00001 -00005 00016 0Qcce 00008 0g0r7  -000ODE 00028 00042 00047 1988 20185
1989 00005 00820 0¢a09 0.0002 0.0022 0.0047 08045 0.0058 00033 00020 0.0045 00045 1989 0.0356
1990 -(.0046 00070 00010 0.0053 00044 00008 00029  0CO26 -00024  0.0008 02034 00080 1990 2.0167
1991 -0.0008 0.0033 04029 0.0058 aoms 0.0012 0.0034 00017 G.0002 0.0028 06830 o031 189 00245
1992 0.0019 -0.0008 00017 0.0018 00013 0.0004 0.0009 0000z -C0003 D00z 0.0009 00035 1982 3.0059
1983 -00026  -0.0013 -00010 -0.0004 0.0008 0.0011 00024 -0.C003 0.0005 -0.0019 0.0018 00073 1993 00014
1994 00002 -00013  -00007 00014 000258 -0.0003 00000  -00004 gooig 00032 00023 00044 1994 geiz0
1685 0.0001 (.0000 08013 0001 00034 00027 00045 00020 2.0023 0.0074 0.0049 00055 1895 0.0298
18496 -0.008 0.0307 0002 0.0007 0.0023 (.0034 0.0028 0.0022 00012 0011 00022 00046 1896 30182
1997 0.0013 0.0007 0.0018 0.6031 0,005 0.0024 0.0030 0.0022 0.0019 2.0017 0.0345 Q0080 1897 0.0349
1998 0.0024 00620 00021 00024 0.0022 0.0029 0.0028 0.803% 0.0033 0.0008 0.0037 00044 1898 0.0319
1999 00011 00023 0omz  -00035 00034 0.0040 0.0co8 gLots  -0.0009 00027 00630 00044 1999 30195
2000 00012 -000i6 00035 00040 00039 -00M3 0002 00050 -2.0000 00039 00045 0.0056 2000 G024z
2001 -00008 00002  0001% 00000 -00013 0001 0.0C58 00031 -00017 00056 00034 00084 2001 0ozz4
2002 -0.0009 00026 00043 -00040 00014 0 ouay 00004 oo0e -fooo2 -0.0003 0002 0.0033 2002 00071
2003 -0.0034  -00088 -0.0050 0.0032 00025 -00001  -0.0004 -0.0031 -0.0024 0.0018 0.5034 00078 2003 -(.0084
2004 -00042  -00048  -00056  -00024  -00052 00023 00G25 00006 -00000  -0.0041 0.0870 00053 2004 -207199
2006 -00005  -0.0041 -0.0057  -0.0046 00034 o008 -0oG22  -0.0021  -0.0093 0.0007 00113 00072 2008 -5.0042
2006 -0.0041 00073 00019 00049 (3.000&6 0.0020 (.00%0 0.0023 G.0090 0.0088 0.0067 00025 2006 0.0220
2007 00014 -00C215 -00048  -00021  -00020 00020 D oc42 00080 00005 0.0017 00028 00084 2007 0.0056
2008 -00028  -00076 00088 -00043  -00066  -00083 00037 0.0053 0.0029 0.010 goi98 00105 2008 30151
2009 -00043  -00048  -00023  -0.0024  -Q0029 -00084  0OCI7T  -00021  -00005 -0O0008  -00007 0o 2009 -3.0256
2010 00034 -00002 00040 -00016  -0.0007 o001y -0.0001 00013 -0.0006  -0.0031 -0.0003 -00016 2070 -0.0135
2011 -00047  -00048 00096 -00064  -0.0047 0nci1t  -00C09 -000Z7 -00015  Qo02i 0.0008 00025 2017 -0.0284
20z -0.0044 00044 -00075 -0.0030 00012 0005 00077 06055 00044 0.0035 0.0048 00028 2012 00165
2013 -00029 -00081  -00026 00011  -00018 -00024  -0.0C04  -00012 -00072 000256 00020 0oool 2003 -0.0146
2014 -0.0037  -00036  -00084  -00033 -00038  -0.0018 0.0004 gomy  -0.0007 0.0028 0.0064 00067 2014 -0.0073
2015 00047 -00043 -00059 -00020 -00051 -00035  -0.0COT 00ms nooe 00004 00027 00035 2015 -0.0071
2016 -0.0016  -00006 -0.0001 -0.0046  -00038  -0.0031 0.0018  -0.0007  -00022 00007 00017 -00001 2016 -0.0184
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appropriate price adjustments are made to account for stock splits and dividends. The return on a
portfolio for one month is calculated as the weighted average of the returns for its individual stocks.
Annual portfolio returns are calculated by compounding the monthly portfolio returns.”’

Size of the Deciles

Exhibit 7.1 provides an overview of the CRSP deciles and size groupings in terms of relative size (by
aggregate market capitalization) and number of companies as of December 31, 2016.

Decile 1 has 191 companies in it, and accounts for nearly two-thirds of aggregate market cap
(66.12%). Decile 10 has 790 companies in it, and accounts for less than 1% of aggregate market cap
(0.40%).

Exhibit 7.1: Aggregate Market Capitalization and Company Counts of the CRSP (NYSE/NYSE MKT/
NASDAQ) Deciles and Size Groupings
December 31, 2016

Recent Decile Recent

Historic Average Recent Market Percentage

Percentage of Total Number of Capitalization of Total

Decile Capitalization Companies  (in Sthousands) Capitalization
1-Largest 63.13% 191 15,290,475,300 66.12%
2 13.95% 200 3,010671,018 13.02%
3 7.55% 202 1,609,575,618 6.96%
4 4.73% 221 1,010,851,810 4.37%
5 3.26% 227 677,120,067 2.93%
6 2.41% 259 541,037,999 2.34%
7 1.79% 283 384,129,198 1.66%
8 1.33% 361 297,164,943 1.28%
9 1.03% 487 212,609,644 0.92%
10-Smallest 0.82% 790 92,882,169 0.40%
Mid-Cap 3-5 15.54% 650 3,297,547,494 14.26%
Low-Cap 6-8 5.53% 903 1,222,332,139 5.29%
Micro-Cap 9-10 1.85% 1,277 305,491,813 1.32%

Source of underlying data: Calculated (or derived) based on data from CRSP @2017 Center for Research in Security Prices (CRSP®), The
University of Chicago Booth School of Business (2017). Calculations by Duff & Phelps, LLC

According to CRSP, in 2016 CRSP "perfarmed a comprehensive check and found changes to index levels back to 1977. Almost all of
the changes are due to CRSP adding factor(s] to adjust price values for distribution codes 5663 & 5773. These edits were made in
the 201612 iteration..". These edits are detailed in the CRSP docurment "STOCK & INDEX RELEASE NOTES, December 2016 Annual
UPDATE" (available at: http://www.crsp.com/files/images/release_notes/mdaz_201612_annual pdf). This review of the database
caused small changes in the returns over the 1926—-2015 period (calculated using the December 31, 2015 data cut) compared to the
returns over the 1926-2015 period (calculated using the December 31, 2016 data cut). These changes were not material: the
largest/smallest change to the geometric mean return of CRSP standard market-cap-weighted deciles 1-10 over this period was
0.0044%/-0.0146%, the average/median change was -0.0007%/0.0003%.




Appendix B
Workpaper UIF-9
Page 53 of 59

Exhibit 7.8: Size-Decile Portfolios of the NYSE/NYSE MKT/NASDAQ Long-Term Returns in Excess
of CAPM

1926—-2016

Return in

Return in Excess of

Excess of Risk-free Rate
Arithmetic  Risk-free Rate (as predicted Size
Size Grouping OLS Beta Mean (actual) by CAPM)  Premium
Mid-Cap (3-5) 1.12 13.82% 8.80% 7.79% 1.02%
Low-Cap (6-8) 1.22 15.26% 10.24% 8.49% 1.75%
Micro-Cap (9-10) 1.35 18.04% 13.02% 9.35% 3.67%

Breakdown of Deciles 1-10

1-Largest 0.92 11.05% 6.04% 6.38% -0.35%
2 1.04 12.82% 7.81% 7.19% 0.61%
3 | 13.57% 8.55% 7.66% 0.89%
4 i & 13.80% 8.78% 7.80% 0.98%
5 1 g 14.62% 9.60% 8.09% 1.51%
6 )0y 74 14.81% 9.79% 8.14% 1.66%
T 1.25 15.41% 10.39% 8.67% 1.72%
8 1.30 16.14% 11.12% 9.04% 2.08%
9 1.34 16.97% 11.96% 9.28% 2.68%
10-Smallest 1.39 20.27% 16.25% 9.66% 5.59%

Betas are estimated from monthly returns in excess of the 30-day U.S. Treasury bill total return, January 1926-December 2016. Historical riskless rate
measured by the 91-year arithmetic mean income return component of 20-year government bonds (5.02%). Calculated in the context of the CAPM by
multiplying the equity risk premium by beta, The equity risk premium is estimated by the arithmetic mean total return of the S&P 500 (11.95%) minus the
arithmetic mean income return component of 20-year government bonds (5.02%) from 1926-2016. Source: Momingstar Direct and CASP, Calculated based
on data from CRSP US Stock Database and CRSP US Indices Database @2017 Center for Research, Used with permission. All calculations performed by
Duff & Phelps, LLC.
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The equity risk premium is calculated by subtracting the arithmetic mean of the government bond
income return from the arithmetic mean of the stock market total return. Exhibit 10.9 demonstrates
this calculation for the long-horizon equity risk premium.

Exhibit 10.9: Long-Horizon Equity Risk Premium Calculation (%)

1926-2016
Arithmetic Mean
Market Risk-free Equity Risk
Total Return Rate Premium
S&P 500 11.95 502 = 6.94
CRSP NYSE/NYSE MKT/NASDAQ Deciles 1-10 11.77 502 = 6.75
CRSP NYSE/NYSE MKT/NASDAQ Deciles 1-2 11.31 502 = 6.30°

" difference due to rounding

Source of underlying data in both Exhibit 10.8 and 10.9: (i) "IA SBB| US Large Stock TR USD Ext" series retrieved from the Morningstar
Direct database. The “lA SBBI US Large Stock TR USD Ext" retun series is essentially the S&P 500 index. The long-term,
intermediate-term, and short-term risk-free series used are the "IA SBBI US LT Govt IR USD" series, the “|A SBBI US IT Govt IR USD"
series, and the "|A SBBI US 30 Day TBIill TR USD" series, respectively. All rights reserved, Used with permission, (i) CRSP U.S, Stock
Database and CRSP U.S. Indices Database ® 2017 Center for Research in Security Prices (CRSP®), University of Chicago Booth School
of Business. Used with permission. All rights reserved. Calculations performed by Duff & Phelps, LLC.

The Market Benchmark and Firm Size

Although not restricted to the 500 largest companies, the S&P 500 is considered a large-cap index.
The returns of the S&P 500 are cap-weighted. The larger companies in the index therefore receive
the majority of the weight. The use of the “NYSE/NYSE MKT/NASDAQ Deciles 1-2" series results in
an even purer large-cap index. However, if using a large-cap index to calculate the equity risk
premium, an adjustment is usually needed to account for the different risk and return
characteristics of small stocks. This was discussed further in Chapter 7 on the size premium.

The Risk-Free Asset

The equity risk premium can be calculated for a variety of time horizons when given the choice of
risk-free asset to be used in the calculation. Chapter 3 provides equity risk premium calculations for
short-, intermediate-, and long-term horizons. The short-, intermediate-, and long-horizon equity
risk premiums are calculated using the income return from a 30-day Treasury bill, a 5-year Treasury
bond, and a 20-year Treasury bond, respectively.
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20-Year vs. 30-Year Treasuries

Our methodology for estimating the long-harizon equity risk premium makes use of the income
return on a 20-year Treasury bond; however, the Treasury stopped issuing 20-year bonds in 1986.
The 30-year bond that the Treasury returned to issuing in 2006 is theoretically more correct when
dealing with the long-term nature of business valuation, yet Ibbotson Associates instead creates a
series of returns using bonds on the market with approximately 20 years to maturity. The reason for
the use of a 20-year maturity bond is that 30-year Treasury securities have only been issued over
the relatively recent past, starting in February of 1977, and were suspended from 2002 to 2006.

The same reason applies to why we do not use the 10-year Treasury bond — a long history of
market data is not available for 10-year bonds. We have persisted in using a 20-year bond to keep
the basis of the time series consistent.

Income Return

Another point to keep in mind when calculating the equity risk premium is that the income return on
the appropriate-horizon Treasury security, rather than the total return, is used in the calculation.

The total return comprises three return components: the income return, the capital appreciation
return, and the reinvestment return. The income return is defined as the portion of the total return
that results from a periodic cash flow or, in this case, the bond coupon payment. The capital
appreciation return results from the price change of a bond over a specific period. Bond prices
generally change in reaction to unexpected fluctuations in yields. Reinvestment return is the return
on a given month's investment income when reinvested into the same asset class in the
subsequent months of the year. The income return is thus used in the estimation of the equity risk
premium because it represents the truly riskless portion of the return.

Arithmetic vs. Geometric Mean

The equity risk premium data presented in this book are arithmetic average risk premiums as
opposed to geometric average risk premiums. The arithmetic average equity risk premium can be
demonstrated to be most appropriate when discounting future cash flows. For use as the expected
equity risk premium in either the CAPM or the building-block approach, the arithmetic mean or the
simple difference of the arithmetic means of stock market returns and riskless rates is the relevant
number. This is because both the CAPM and the building-block approach are additive models, in
which the cost of capital is the sum of its parts. The geometric average is more appropriate for
reporting past performance because it represents the compound average return.
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Appropriate Historical Period

The equity risk premium can be estimated using any historical time period. For the U.S., market data
exist at least as far back as the late 1800s. Therefore, it is possible to estimate the equity risk
premium using data that covers roughly the past 125 years.

Our equity risk premium covers 1926 to the present. The original data source for the time series
comprising the equity risk premium is the Center for Research in Security Prices. CRSP chose to
begin its analysis of market returns with 1926 for two main reasons. CRSP determined that 1926
was approximately when quality financial data became available. They also made a conscious
effort to include the period of extreme market volatility from the late 1920s and early 1930s; 1926
was chosen because it includes one full business cycle of data before the market crash of 1929,

Implicit in using history to forecast the future is the assumption that investors' expectations for
future outcomes conform to past results. This method assumes that the price of taking on risk
changes only slowly, if at all, over time. This “future equals the past” assumption is most applicable
to a random time-series variable. A time-series variable is random if its value in one period is
independent of its value in other periods.

Choosing an Appropriate Historical Period

The estimate of the equity risk premium depends on the length of the data series studied. A proper
estimate of the equity risk premium requires a data series long enough to give a reliable average
without being unduly influenced by very good and very poor short-term returns. When calculated
using a long data series, the historical equity risk premium is relatively stable, Furthermore, because
an average of the realized equity risk premium is quite volatile when calculated using a short
history, using a long series makes it less likely that the analyst can justify any number he or she
wants. The magnitude of how shorter periods can affect the result will be explored later in this
chapter.

Some analysts estimate the expected equity risk premium using a shorter, more recent period on
the basis that recent events are more likely to be repeated in the near future; furthermore, they
believe that the 1920s, 1930s, and 1940s contain too many unusual events. This view is suspect
because all periods contain unusual events. Some of the most unusual events of the last 100 years
took place quite recently, including the inflation of the late 1970s and early 1980s, the October 1987
stock market crash, the collapse of the high-yield bond market, the major contraction and
consolidation of the thrift industry, the collapse of the Soviet Union, the development of the
European Economic Community, the attacks of Sept. 11, 2001, and the more recent global financial
crisis of 2008-2009.

It is even difficult for economists to predict the economic environment of the future. For example, if
one were analyzing the stock market in 1987 before the crash, it would be statistically improbable to
predict the impending short-term volatility without considering the stock market crash and market
volatility of the 1929-1931 period.
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Without an appreciation of the 1920s and 1930s, no one would believe that such events could
happen. The 91-year period starting with 1926 represents what can happen: It includes high and
low returns, volatile and quiet markets, war and peace, inflation and deflation, and prosperity and
depression. Restricting attention to a shorter historical period underestimates the amount of
change that could occur in a long future period. Finally, because historical event-types (not specific
events) tend to repeat themselves, long-run capital market return studies can reveal a great deal
about the future. Investors probably expect unusual events to occur from time to time, and their
return expectations reflect this.

A Look at the Historical Results

It is interesting to look at the realized returns and realized equity risk premium in the context of the
above discussion. Exhibit 10.10 shows the average stock market return and the average (arithmetic
mean) realized long-horizon equity risk premium over various historical periods. The exhibit shows
that using a longer historical period provides a more stable estimate of the equity risk premium. The
reason is that any unique period will not be weighted heavily in an average covering a longer
historical period. It better represents the probability of these unique events occurring over a long
period of time.

Exhibit 10.10: Stock Market Return and Equity Risk Premium Over Time (%)
Large-Cap Long-horizon
Arithmetic Equity Risk

Length Period Dates  Mean (%) Premium (%)
91  1926-20716 11.95 6.94
90 1927-2016 11.96 6.92
80 1937-2016 11.82 6.56
70 1947-2016 1253 6.86
60 1957-2016 11.38 5.19
50 1967-2016 11.56 4.92
40 19772016 12.36 5.68
30 1987-2016 11.61 6.07
20 1997-2016 9.39 492
16 2002-2016 8.38 4.44
10 2007-2016 8.76 5.32

5 2012-2016 15.08 12.38

Looking carefully at Exhibit 10.11 will clarify this point. The graph shows the realized equity risk
premium for a series of periods through 20186, starting with 1926. In other words, the first value on
the graph represents the average realized equity risk premium over the period 1926—2016. The next
value on the graph represents the average realized equity risk premium over the period 1927-2016,
and so on, with the last value representing the average over the most recent five years, 2012—-2016.
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Exhibit 10.11: Equity Risk Premium Using Different Starting Dates
Average Equity Risk Premium (%)
1926-2016
140
® Average Equity Risk Premium (%)
120
100
8.0
6.0
4.0
hﬂ
0.0
1926 1936 1946 1956 1966 1976 1986 1996 2016

Concentrating on the left side of Exhibit 10.11, one notices that the realized equity risk premium,
when measured over long periods, is relatively stable. In viewing the graph from left to right, moving
from longer to shorter historical periods, one sees that the value of the realized equity risk premium
begins to decline significantly. Why does this occur? The reason is that the severe bear market of
1973-1974 is receiving proportionately more weight in the shorter, more recent average. If you
continue to follow the line to the right, however, you will also notice that when 1973 and 1974 fall
out of the recent average, the realized equity risk premium jumps up by nearly 1.2 percentage
points.

Additionally, use of recent historical periods for estimation purposes can lead to illogical
conclusions. As seen in Exhibit 10.10, the bear market in the early 2000s and in 2008 has caused
the realized equity risk premium in the shorter historical periods to be lower than the long-term
average.

The impact of adding one additional year of data to a historical average is lessened the greater the
initial period of measurement. Short-term averages can be affected considerably by one or more
unique observations. On the other hand, long-term averages produce more stable results.

Some practitioners argue for a shorter historical period, such as 30 years, as a basis for the equity
risk premium estimation. The logic for the use of a shorter period is that historical events and
economic scenarios present before this time are unlikely to be repeated. Exhibit 10.12 shows the
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equity risk premium measured over rolling 30-year periods, and it appears from the graph that the
premium has been trending downwards. The 30-year equity risk premium remained close to 4
percentage points for several years in the 1980s and 1990s. However, it has fallen and then risen in
the most recent 30-year periods.

Exhibit 10.12: Equity Risk Premium Over Rolling 30-year Periods
Average Equity Risk Premium (%)
1926—-2016

14.0
m Average Equity Risk Premium (%)
12.0
10.0

80

6.0

4.0
0.0

1955 1965 1975 1985 1995 2005 2016

30-year period ending

The key to understanding this result lies again in the years 1973 and 1974. The oil embargo during
this period had a tremendous effect on the market. The equity risk premium for these years alone
was -21% and -34%, respectively. Periods that include the years 1973 and 1974 result in average
equity risk premiums as low as 3.2 percentage points. The 2000s have also had an enormous effect
on the equity risk premium.

It is difficult to justify such a large divergence in estimates of return over such a short period. This
does not suggest, however, that the years 1973 and 1974 should be excluded from any estimate of
the equity risk premium; rather, it emphasizes the importance of using a long historical period when
measuring the equity risk premium in order to obtain a reliable average that is not overly influenced
by short-term returns. The same holds true when analyzing the poor performance of the early
2000s and 2008.
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The American Economic Review
VOLUME XLVIII JUNE 1958 NUMBER THREE

THE COST OF CAPITAL, CORPORATION FINANCE
AND THE THEORY OF INVESTMENT

By Franco MobpicLiant AND MErToN H, M1LLer*

What is the “cost of capital” to a firm in a world in which funds are
used to acquire assets whose yields are uncertain; and in which capital
can be obtained by many different media, ranging from pure debt instru-
ments, representing money-fixed claims, to pure equity issues, giving
holders only the right to a pro-rata share in the uncertain venture?
This question has vexed at least three classes of economists: (1) the cor-
poration finance specialist concerned with the techniques of financing
firms so as to ensure their survival and growth; (2) the managerial
economist concerned with capital budgeting; and {3) the economic
theorist concerned with explaining investment behavior at both the
micro and macro levels.!

In much of his formal analysis, the economic theorist at least has
tended to side-step the essence of this cost-of-capital problem by pro-
ceeding as though physical assets—like bonds—could be regarded as
yielding known, sure streams. Given this assumption, the theorist has
concluded that the cost of capital to the owners of a firm is simply the
rate of interest on bonds; and has derived the familiar proposition that
the firm, acting rationally, will tend to push investment to the point

* The authors are, respectively, professor and associate professor of economics in the Grad-
uate School of Industrial Administratiou, Carnegie Institute of Technology. This article is a
revised version of a paper delivered at the annual meeting of the Econometric Society, Decem-
ber 1956. The authors express thanks for the comments and suggestions made at that time
by the discussants of the paper, Evsey Domar, Robert Eisner and John Lintner, and subse-
quently by James Duesenbercy. They are also greatly indebted to many of their present and

former colleagues and students at Carnegie Tech who served so often and with such remark-
able patience as a critical forum for the ideas here presented.

! The literature bearing on the cost-of-capital problem is far too extensive for listing here.
Numerous references to it will be found throughout the paper though we make no claim to
completeness. One phase of the problem which we do not consider explicitly, but which has a
considerable literature of its own is the relation between the cost of capital and public utility
rates. For a recent summary of the “cost-of-capital theory” of rate regulation and a brief dis-
cussion of some of its implications, the reader may refer to H. M. Somers [20].
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where the marginal yield on physical assets is equal to the market rate
of interest.? This proposition can be shown to follow from either of two
criteria of rational decision-making which are equivalent under certain-
ty, namely (1) the maximization of profits and (2) the maximization of
market value.

According to the first criterion, a physical asset is worth acquiring if
it will increase the net profit of the owners of the firm. But net profit
will increase only if the expected rate of return, or yield, of the asset
exceeds the rate of interest. According to the second criterion, an asset
is worth acquiring if it increases the value of the owners’ equity, i.e., if
it adds more to the market value of the firm than the costs of acquisi-
tion. But what the asset adds is given by capitalizing the stream it gen-
erates at the market rate of interest, and this capitalized value will
exceed its cost if and only if the yield of the asset exceeds the rate of
interest. Note that, under either formulation, the cost of capital is equal
to the rate of interest on bonds, regardless of whether the funds are
acquired through debt instruments or through new issues of common
stock. Indeed, in a world of sure returns, the distinction between debt
and equity funds reduces largely to one of terminology.

It must be acknowledged that some attempt is usually made in this
type of analysis to allow for the existence of uncertainty. This attempt
typically takes the form of superimposing on the results of the certainty
analysis the notion of a “risk discount” to be subtracted from the ex-
pected yield (or a “risk premium” to be added to the market rate of
interest). Investment decisions are then supposed to be based on a com-
parison of this “risk adjusted” or ‘“certainty equivalent” yield with the
market rate of interest.® No satisfactory explanation has yet been pro-
vided, however, as to what determines the size of the risk discount and
how it varies in response to changes in other variables.

Considered as a convenient approximation, the model of the firm
constructed via this certainty—or certainty-equivalent—approach has
admittedly been useful in dealing with some of the grosser aspects of
the processes of capital accumulation and economic fluctuations. Such
a model underlies, for example, the familiar Keynesian aggregate invest-
ment function in which aggregate investment is written as a function of
the rate of interest—the same riskless rate of interest which appears
later in the system in the liquidity-preference equation. Yet few would
maintain that this approximation is adequate. At the macroeconomic
level there are ample grounds for doubting that the rate of interest has

2 Or, more accurately, to the marginal cost of borrowed funds since it is customary, at least
in advanced analysis, to draw the supply curve of borrowed funds to the firm as a rising one.
For an advanced treatment of the certainty case, see I'. and V. Lutz [13].

3 The classic examples of the certainty-equivalent approach are found in J. R. Hicks {8] and
O. Lange [11].
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as large and as direct an influence on the rate of investment as this
analysis would lead us to believe. At the microeconomic level the cer-
tainty model has little descriptive value and provides no real guidance
to the finance specialist or managerial economist whose main problems
cannot be treated in a framework which deals so cavalierly with uncer-
tainty and ignores all forms of financing other than debt issues.

Only recently have economists begun to face up seriously to the prob-
lem of the cost of capital cum risk. In the process they have found their
interests and endeavors merging with those of the finance specialist and
the managerial economist who have lived with the problem longer and
more intimately. In this joint search to establish the principles which
govern rational investment and financial policy in a world of uncer-
tainty two main lines of attack can be discerned. These lines represent,
in effect, attempts to extrapolate to the world of uncertainty each of the
two criteria—profit maximization and market value maximization—
which were seen to have equivalent implications in the special case of
certainty. With the recognition of uncertainty this equivalence vanishes.
In fact, the profit maximization criterion is no longer even well defined.
Under uncertainty there corresponds to each decision of the firm not a
unique profit outcome, but a plurality of mutually exclusive outcomes
which can at best be described by a subjective probability distribution.
The profit outcome, in short, has become a random variable and as such
its maximization no longer has an operational meaning. Nor can this
difficulty generally be disposed of by using the mathematical expecta-
tion of profits as the variable to be maximized. For decisions which
affect the expected value will also tend to affect the dispersion and other
characteristics of the distribution of outcomes. In particular, the use of
debt rather than equity funds to finance a given venture may well in-
crease the expected return to the owners, but only at the cost of in-
creased dispersion of the outcomes.

Under these conditions the profit outcomes of alternative investment
and financing decisions can be compared and ranked only in terms of a
subjective ‘‘utility function” of the owners which weighs the expected
yield against other characteristics of the distribution. Accordingly, the
extrapolation of the profit maximization criterion of the certainty model
has tended to evolve into utility maximization, sometimes explicitly,
more frequently in a qualitative and heuristic form.?

The utility approach undoubtedly represents an advance over the
certainty or certainty-equivalent approach. It does at least permit us

4 Those who have taken a ‘‘case-method” course in finance in recent years will recall in this
connection the famous Liquigas case of Hunt and Williams, |9, pp. 193-96] a case which is

often used to introduce the student to the cost-of-capital problem and to poke a bit of fun at
the economist’s certainty-model.

5 For an attempt at a rigorous explicit development of this line of attack, see F. Modigliani
and M. Zeman [14].
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to explore (within limits) some of the implications of different financing
arrangements, and it does give some meaning to the “cost” of different
types of funds. However, because the cost of capital has become an
essentially subjective concept, the utility approach has serious draw-
backs for normative as well as analytical purposes. How, for example,
is management to ascertain the risk preferences of its stockholders and
to compromise among their tastes? And how can the economist build a
meaningful investment function in the face of the fact that any given
investment opportunity might or might not be worth exploiting depend-
ing on precisely who happen to be the owners of the firm at the moment?

Fortunately, these questions do not have to be answered; for the alter-
native approach, based on market value maximization, can provide the
basis for an operational definition of the cost of capital and a workable
theory of investment. Under this approach any investment project and
its concomitant financing plan must pass only the following test: Will
the project, as financed, raise the market value of the firm’s shares? If
s0, it is worth undertaking; if not, its return is less than the marginal
cost of capital to the firm. Note that such a test is entirely independent
of the tastes of the current owners, since market prices will reflect not
only their preferences but those of all potential owners as well. If any
current stockholder disagrees with management and the market over
the valuation of the project, he is free to sell out and reinvest elsewhere,
but will still benefit from the capital appreciation resulting from man-
agement’s decision.

The potential advantages of the market-value approach have long
been appreciated; yet analytical results have been meager. What ap-
pears to be keeping this line of development from achieving its promise
is largely the lack of an adequate theory of the effect of financial struc-
ture on market valuations, and of how these effects can be inferred from
objective market data. It is with the development of such a theory and
of its implications for the cost-of-capital problem that we shall be con-
cerned in this paper.

Our procedure will be to develop in Section I the basic theory itself
and to give some brief account of its empirical relevance. In Section II,
we show how the theory can be used to answer the cost-of-capital ques-
tion and how it permits us to develop a theory of investment of the
firm under conditions of uncertainty. Throughout these sections the
approach is essentially a partial-equilibrium one focusing on the firm
and “industry.” Accordingly, the “prices” of certain income streams
will be treated as constant and given from outside the model, just as in
the standard Marshallian analysis of the firm and industry the prices of
all inputs and of all other products are taken as given. We have chosen
to focus at this level rather than on the economy as a whole because it
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is at the level of the firm and the industry that the interests of the vari-
ous specialists concerned with the cost-of-capital problem come most
closely together. Although the emphasis has thus been placed on partial-
equilibrium analysis, the results obtained also provide the essential
building blocks for a general equilibrium model which shows how those
prices which are here taken as given, are themselves determined. For
reasons of space, however, and because the material is of interest in its
own right, the presentation of the general equilibrium model which
rounds out the analysis must be deferred to a subsequent paper.

1. The Valuation of Securities, Leverage, and the Cost of Capital

A. The Capitalization Rate for Uncertain Streams

As a starting point, consider an economy in which all physical assets
are owned by corporations. For the moment, assume that these corpora-
tions can finance their assets by issuing common stock only; the intro-
duction of bond issues, or their equivalent, as a source of corporate funds
is postponed until the next part of this section.

The physical assets held by each firm will yield to the owners of the
firm—its stockholders—a stream of ‘“profits” over time; but the ele-
ments of this series need not be constant and in any event are uncertain.
This stream of income, and hence the stream accruing to any share of
common stock, will be regarded as extending indefinitely into the future.
We assume, however, that the mean value of the stream over time, or
average profit per unit of time, is finite and represents a random vari-
able subject to a (subjective) probability distribution. We shall refer to
the average value over time of the stream accruing to a given share as
the return of that share; and to the mathematical expectation of this
average as the expected return of the share.® Although individual inves-
tors may have different views as to the shape of the probability distri.

¢ These propositions can be restated analytically as follows: The assets of the ith firm gener-
ate a stream:

Xi(1), X:(2) - - - Xu(T)
whose elements are random variables subject to the joint probability distribution:
xi[Xi(1), X:(2) - - - X:(0].
The return to the ith firm is defined as:

1z
= dim = 3 X
X TE'I:'T:,;X(’)

X is itself a random variable with a probablllty distribution ®;(X;) whose form is determined
uniquely by xi. The expected return X; is defined as X;=E(X:)=[x,X:®:(X:)dX:. If N; is
the number of shares outstanding, the return of the ith share is x;= (1/N)X; with probability
distribution ¢;(x;)dx;=&;(Nx;)d(Nx;) and expected value #;=(1/N)X;.
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bution of the return of any share, we shall assume for simplicity that
they are at least in agreement as to the expected return.?

This way of characterizing uncertain streams merits brief comment.
Notice first that the stream is a stream of profits, not dividends. As will
become clear later, as long as management is presumed to be acting in
the best interests of the stockholders, retained earnings can be regarded
as equivalent to a fully subscribed, pre-emptive issue of common stock.
Hence, for present purposes, the division of the stream between cash
dividends and retained earnings in any period is a mere detail. Notice
also that the uncertainty attaches to the mean value over time of the
stream of profits and should not be confused with variability over time
of the successive elements of the stream. That variability and uncer-
tainty are two totally different concepts should be clear from the fact
that the elements of a stream can be variable even though known with
certainty. It can be shown, furthermore, that whether the elements of a
stream are sure or uncertain, the effect of variability per se on the valua-
tion of the stream is at best a second-order one which can safely be neg-
lected for our purposes (and indeed most others too).®

The next assumption plays a strategic role in the rest of the analysis.
We shall assume that firms can be divided into ‘“equivalent return”
classes such that the return on the shares issued by any firm in any
given class is proportional to (and hence perfectly correlated with) the
return on the shares issued by any other firm in the same class. This
assumption implies that the various shares within the same class differ,
at most, by a “scale factor.” Accordingly, if we adjust for the difference
in scale, by taking the ratio of the return to the expected return, the
probability distribution of that ratio is identical for all shares in the
class. Tt follows that all relevant properties of a share are uniquely char-
acterized by specifying (1) the class to which it belongs and (2) its
expected return.

The significance of this assumption is that it permits us to classify
firms into groups within which the shares of different firms are ‘“homoge-
neous,” that is, perfect substitutes for one another. We have, thus, an
analogue to the familiar concept of the industry in which it is the com-
modity produced by the firms that is taken as homogeneous. To com-
plete this analogy with Marshallian price theory, we shall assume in the

7 To deal adequately with refinements such as differences among investors in estimates of
expected returns would require extensive discussion of the theory of portfolio selection. Brief
references to these and related topics will be made in the succeeding article on the general
equilibrium model.

# The reader may convince himself of this by asking how much he would be willing to rebate
to his employer for the privilege of receiving his annual salary in equal monthly installments
rather than in irregular amounts over the year. See also J. M. Keynes |10, esp. pp. 53-54].
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analysis to follow that the shares concerned are traded in perfect mar-
kets under conditions of atomistic competition.®

From our definition of homogeneous classes of stock it follows that
in equilibrium in a perfect capital market the price per dollar’s worth of
expected return must be the same for all shares of any given class. Or,
equivalently, in any given class the price of every share must be propor-
tional to its expected return. Let us denote this factor of proportionality
for any class, say the kth class, by 1/ps. Then if p; denotes the price and
%; is the expected return per share of the jth firm in class %, we must
have:

1
m pi=—3%;
px
or, equivalently,
7] ..
(2) -~ = p a constant for all firms 7 in class k.

7

The constants p. (one for each of the % classes) can be given several
economic interpretations: (a) From (2) we see that each p, is the ex-
pected rate of return of any share in class k. (b) From (1) 1/p: is the
price which an investor has to pay for a dollar’s worth of expected re-
turn in the class . (c) Again from (1), by analogy with the terminology
for perpetual bonds, px can be regarded as the market rate of capitaliza-
tion for the expected value of the uncertain streams of the kind gen-
erated by the kth class of firms.*

B. Debt Financing and Its Effects on Security Prices

Having developed an apparatus for dealing with uncertain streams
we can now approach the heart of the cost-of-capital problem by drop-
ping the assumption that firms cannot issue bonds. The introduction of
debt-financing changes the market for shares in a very fundamental
way. Because firms may have different proportions of debt in their capi-

¢ Just what our classes of stocks contain and how the different classes can be identified by
outside observers are empirical questions to which we shall return later. For the present, it is
sufficient to observe: (1) Our concept of a class, while not identical to that of the industry is
at least closely related to it. Certainly the basic characteristics of the probability distributions
of the returns on assets will depend to a significant extent on the product sold and the tech-
nology used. (2) What are the appropriate class boundaries will depend on the particular prob-
lem being studied. An economist concerned with general tendencies in the market, for example,
might well be prepared to work with far wider classes than would be appropriate for an inves-
tor planning his portfolio, or a firm planning its financial strategy.

10 We cannot, on the basis of the assumptions so far, make any statements about the rela-
tionship or spread between the various p's or capitalization rates. Before we could do so we
would have to make further specific assumptions about the way investors believe the proba-
bility distributions vary from class to class, as well as assumptions about investors’ preferences
as between the characteristics of different distributions.
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tal structure, shares of different companies, even in the same class, can
give rise to different probability distributions of returns. In the language
of finance, the shares will be subject to different degrees of financial risk
or “leverage” and hence they will no longer be perfect substitutes for
one another.

To exhibit the mechanism determining the relative prices of shares
under these conditions, we make the following two assumptions about
the nature of bonds and the bond market, though they are actually
stronger than is necessary and will be relaxed later: (1) All bonds (in-
cluding any debts issued by households for the purpose of carrying
shares) are assumed to yield a constant income per unit of time, and
this income is regarded as certain by all traders regardless of the issuer.
(2) Bonds, like stocks, are traded in a perfect market, where the term
perfect is to be taken in its usual sense as implying that any two com-
modities which are perfect substitutes for each other must sell, in equi-
librium, at the same price. It follows from assumption (1) that all bonds
are in fact perfect substitutes up to a scale factor. It follows from as-
sumption (2) that they must all sell at the same price per dollar’s worth
of return, or what amounts to the same thing must yield the same rate
of return. This rate of return will be denoted by 7 and referred to as the
rate of interest or, equivalently, as the capitalization rate for sure
streams. We now can derive the following two basic propositions with
respect to the valuation of securities in companies with different capital
structures:

Proposition I. Consider any company j and let X, stand as before for
the expected return on the assets owned by the company (that is, its
expected profit before deduction of interest). Denote by D; the market
value of the debts of the company; by S; the market value of its com-
mon shares; and by V;=S§,-+ D, the market value of all its securities or,
as we shall say, the market value of the firm. Then, our Proposition I
asserts that we must have in equilibrium:

3) V, = (S; + D;) = X;/oi, for any firm 7 in class &.

That is, the market value of any firm is independent of its capital structure
and is given by capilalizing ils expecled return at the rale py appropriate to
its class.

This proposition can be stated in an equivalent way in terms of the
firm’s “average cost of capital,” X,/V;, which is the ratio of its expected
return to the market value of all its securities. Our proposition then is:
@) X X; f firm 7, in class

——————— = — = py, for any firm j, in class &.
S;+ D) Vi

That is, the average cos! of capital to any firm is completely independent of
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its capital structure and is equal to the capitalization rate of a pure equity
stream of its class.

To establish Proposition I we will show that as long as the relations
(3) or (4) do not hold between any pair of firms in a class, arbitrage will
take place and restore the stated equalities. We use the term arbitrage
advisedly. For if Proposition I did not hold, an investor could buy and
sell stocks and bonds in such a way as to exchange one income stream
for another stream, identical in all relevant respects but selling at a
lower price. The exchange would therefore be advantageous to the inves-
tor quite independently of his attitudes toward risk.” As investors
exploit these arbitrage opportunities, the value of the overpriced shares
will fall and that of the underpriced shares will rise, thereby tending to
eliminate the discrepancy between the market values of the firms.

By way of proof, consider two firms in the same class and assume for
simplicity only, that the expected return, X, is the same for both firms.
Let company 1 be financed entirely with common stock while company
2 has some debt in its capital structure. Suppose first the value of the
levered firm, Vs, to be larger than that of the unlevered one, V. Con-
sider an investor holding s. dollars’ worth of the shares of company 2,
representing a fraction « of the total outstanding stock, S.. The return
from this portfolio, denoted by Y., will be a fraction & of the income
available for the stockholders of company 2, which is equal to the total
return X, less the interest charge, #D.. Since under our assumption of
homogeneity, the anticipated total return of company 2, X, is, under
all circumstances, the same as the anticipated total return to company
1, X;, we can hereafter replace X, and X; by a common symbol X.
Hence, the return from the initial portfolio can be written as:

(5) Yo = a(X — rDy).

Now suppose the investor sold his S; worth of company 2 shares and
acquired instead an amount s;=a(S2+Ds) of the shares of company 1.
He could do so by utilizing the amount «S: realized from the sale of his
initial holding and borrowing an additional amount aD: on his own
credit, pledging his new holdings in company 1 as a collateral. He would
thus secure for himself a fraction s,/S1=a(S2+D»)/S: of the shares and
earnings of company 1. Making proper allowance for the interest pay-
ments on his personal debt aDs, the return from the new portfolio, Y7, is
given by:

11 Tn the language of the theory of choice, the exchanges are movements from inefficient
points in the interior to efficient points on the boundary of the investor’s opportunity set; and
not movements between efficient points along the boundary. Hence for this part of the analysis
nothing is involved in the way of specific assurnptions about investor attitudes or behavior

other than that investors behave consistently and prefer more income to less income, ceferis
paribus.
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a(Sz + Dz) 2
————X —raD; =a— X — raD,.
Sl Vl

Comparing (5) with (6) we see that as long as V>V, we must have
V1> Y., so that it pays owners of company 2’s shares to sell their hold-
ings, thereby depressing S, and hence V,; and to acquire shares of com-
pany 1, thereby raising S; and thus Vi. We conclude therefore that
levered companies cannot command a premium over unlevered com-
panies because investors have the opportunity of putting the equivalent
leverage into their portfolio directly by borrowing on personal account.

Consider now the other possibility, namely that the market value of
the levered company V, is less than V,. Suppose an investor holds ini-
tially an amount s; of shares of company 1, representing a fraction a of
the total outstanding stock, S;. His return from this holding is:

(6) V.=

1
Vi=—X = aX.
S1
Suppose he were to exchange this initial holding for another portfolio,
also worth s;, but consisting of s, dollars of stock of company 2 and of
d dollars of bonds, where s, and d are given by:
Sz D,

(7) Sz V2 S1y V2 S1.

In other words the new portfolio is to consist of stock of company 2 and
of bonds in the proportions S»/V; and D,/ V,, respectively. The return
from the stock in the new portfolio will be a fraction s,/S: of the total
return to stockholders of company 2, which is (X —rD,), and the return
from the bonds will be 7d. Making use of (7), the total return from the
portfolio, ¥, can be expressed as follows:

Yy = -2 (X — rDs) + rd = - (X — D L%
2 52( rD2) + 7 Vz( r 2)+ersl 7 az
(since s;=asS,). Comparing ¥, with ¥, we see that, if V.<S;=V,, then
Y, will exceed ¥,. Hence it pays the holders of company 1’s shares to
sell these holdings and replace them with a mixed portfolio containing

an appropriate fraction of the shares of company 2.

The acquisition of a mixed portfolio of stock of a levered company j
and of bonds in the proportion S;/V; and D;/V; respectively, may be
regarded as an operation which “undoes” the leverage, giving access to
an appropriate fraction of the unlevered return X;. It is this possibility
of undoing leverage which prevents the value of levered firms from be-
ing consistently less than those of unlevered firms, or more generally
prevents the average cost of capital X;/V; from being systematically
higher for levered than for nonlevered companies in the same class.



Appendix B
Workpaper UIF-10
Page 12 of 50

MODIGLIANI AND MILLER: THEORY OF INVESTMENT 271

Since we have already shown that arbitrage will also prevent V, from
being larger than V;, we can conclude that in equilibrium we must have
Vy=7V), as stated in Proposition I.

Proposition II. From Proposition I we can derive the following propo-
sition concerning the rate of return on common stock in companies
whose capital structure includes some debt: the expected rate of return
or yield, 7, on the stock of any company j belonging to the kth class is a
linear function of leverage as follows:

(8 1 = px + (o — 1) D;/S;.

That is, the expected yield of a share of stock is equal to the appropriate
capilalization rate py for a pure equity stream in the class, plus a premium
related to financial risk equal to the debt-to-equity ratio times the spread
between py. and r. Or equivalently, the market price of any share of stock
is given by capitalizing its expected return at the continuously variable
rate 7; of (8).?

A number of writers have stated close equivalents of our Proposition
I although by appealing to intuition rather than by attempting a proof
and only to insist immediately that the results were not applicable to the
actual capital markets.”® Proposition II, however, so far as we have been
able to discover is new.!* To establish it we first note that, by definition,
the expected rate of return, ¢, is given by:

Xj - fo

) iy = s,

From Proposition I, equation (3), we know that:
X; = m(S; + D).
Substituting in (9) and simplifying, we obtain equation (8).

12 To illustrate, suppose X = 1000, D=4000, r=5 per cent and pr=10 per cent. These values
imply that ¥V=10,000 and S=6000 by virtue of Proposition I. The expected yield or rate of
return per share is then:

. 1000 — 200

4000
w00 = A4 (1 —.05) 000 = 134 per cent.

13 See, for example, J. B. Williams [21, esp. pp. 72-73]; David Durand [3]; and W. A.
Morton [15]. None of these writers describe in any detail the mechanism which is supposed to
keep the average cost of capital constant under changes in capital structure. They seem, how-
ever, to be visualizing the equilibrating mechanism in terms of switches by investors between
stocks and bonds as the yields of each get out of line with their “riskiness.” This is an argu-
ment quite different from the pure arbitrage mechanism underlying our proof, and the differ-
ence is crucial. Regarding Proposition I as resting on investors’ attitudes toward risk leads
inevitably to a misunderstanding of many factors influencing relative yields such as, for ex-
ample, limitations on the portfolio composition of financial institutions. See below, esp.
Section I.D.

% Morton does make reference to a linear yield function but only “ . . . for the sake of sim-

plicity and because the particular function used makes no essential difference in my conclu-
sions” (185, p. 443, note 2.
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C. Some Qualifications and Extensions of the Basic Propositions

The methods and results developed so far can be extended in a num-
ber of useful directions, of which we shall consider here only three: (1)
allowing for a corporate profits tax under which interest payments are
deductible; (2) recognizing the existence of a multiplicity of bonds and
interest rates; and (3) acknowledging the presence of market imperfec-
tions which might interfere with the process of arbitrage. The first two
will be examined briefly in this section with some further attention
given to the tax problem in Section IT. Market imperfections will be dis-
cussed in Part D of this section in the course of a comparison of our re-
sults with those of received doctrines in the field of finance.

Effects of the Present Method of Taxing Corporations. The deduction of
interest in computing taxable corporate profits will prevent the arbi-
trage process from making the value of all firms in a given class propor-
tional to the expected returns generated by their physical assets. In-
stead, it can be shown (by the same type of proof used for the original
version of Proposition I) that the market values of firms in each class
must be proportional in equilibrium to their expected return net of
taxes (that is, to the sum of the interest paid and expected net stock-
holder income). This means we must replace each X; in the original ver-
sions of Propositions I and II with a new variable X, representing the
total income net of taxes generated by the firm:

(10) _X-j' = ()_(J —rD)(1 — 1) +rD; = &7+ rDj,

where #;7 represents the expected net income accruing to the common
stockholders and 7 stands for the average rate of corporate income tax.!

After making these substitutions, the propositions, when adjusted for
taxes, continue to have the same form as their originals. That is, Propo-
sition I becomes:

X7
Vi

= p;7, for any firm in class %,

(1

and Proposition IT becomes
.
(12) ij=-—=pj + (" — 1) D;/S;
S;
where py” is the capitalization rate for income net of taxes in class k.
Although the form of the propositions is unaffected, certain interpre-
tations must be changed. In particular, the after-tax capitalization rate

35 For simplicity, we shall ignore throughout the tiny element of progression in our present
corporate tax and treat r as a constant independent of (X;—rD;).
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p«” can no longer be identified with the “average cost of capital” which
is pr=X,;/V ;. The difference between p,~ and the “true” average cost of
capital, as we shall see, is a matter of some relevance in connection with
investment planning within the firm (Section II). For the description of
market bchavior, however, which is our immediate concern here, the dis-
tinction is not essential. To simplify presentation, therefore, and to pre-
serve continuity with the terminology in the standard literature we
shall continue in this section to refer to pi” as the average cost of capital,
though strictly speaking this identification is correct only in the absence
of taxes.

Effects of a Plurality of Bonds and Interest Rates. In existing capital
markets we find not one, but a whole family of interest rates varying
with maturity, with the technical provisions of the loan and, what is
most relevant for present purposes, with the financial condition of the
borrower.!® Economic theory and market experience both suggest that
the yields demanded by lenders tend to increase with the debt-equity
ratio of the borrowing firm (or individual). If so, and if we can assume
as a first approximation that this yield curve, r=r (D/S), whatever its
precise form, is the same for all borrowers, then we can readily extend
our propositions to the case of a rising supply curve for borrowed
funds.t”

Proposition I is actually unaffected in form and interpretation by the
fact that the rate of interest may rise with leverage; while the average
cost of borrowed funds will tend to increase as debt rises, the average cost
of funds from all sources will still be independent of leverage (apart
from the tax effect). This conclusion follows directly from the ability of
those who engage in arbitrage to undo the leverage in any financial
structure by acquiring an appropriately mixed portfolio of bonds and
stocks. Because of this ability, the ratio of carnings (before interest.
charges) to market value-—i.c., the average cost of capital from all

16 We shall not consider here the extension of the analysis to encompass the time structure of
interest rates. Although some of the problems posed by the time structure can be handled with-
in our comparative statics framework, an adequate discussion would require a separate paper.

17 We can also develop a theory of bond valuation along lines essentially parallel to those fol-
lowed for the case of shares. We conjecture that the curve of bond yields as a function of lever-
age will turn out to be a nonlinear one in contrast to the linear function of leverage developed
for common shares. However, we would also expect that the rate of increase in the yield on
new issues would not be substantial in practice. This relatively slow rise would reflect the fact
that interest rate increases by themselves can never be completely satisfactory to creditors as
compensation for their increased risk. Such increases may simply serve to raise 7 so high rela-
tive to p that they become sclf-defeating by giving rise to a situation in which even normal
fluctuations in earnings may force the company into bankruptcy. The difficulty of borrowing
more, therefore, tends to show up in the usual case not so much in higher rates as in the form
of increasingly stringent restrictions imposed on the company’s management and finances by
the creditors; and ultimately in a complete inability to obtain new borrowed funds, at least
from the institutional investors who normally set the standards in the market for bonds.
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sources—must be the same for all firms in a given class.!® In other words,
the increased cost of borrowed funds as leverage increases will tend to
be offset by a corresponding reduction in the yield of common stock.
This seemingly paradoxical result will be examined more closely below
in connection with Proposition II.

A significant modification of Proposition I would be required only if
the yield curve r=7(D/S) were different for different borrowers, as
might happen if creditors had marked preferences for the securities of a
particular class of debtors. If, for example, corporations as a class were
able to borrow at lower rates than individuals having equivalent per-
sonal leverage, then the average cost of capital to corporations might
fall slightly, as leverage increased over some range, in reflection of this
differential. In evaluating this possibility, however, remember that the
relevant interest rate for our arbitrage operators is the rate on brokers’
loans and, historically, that rate has not been noticeably higher than
representative corporate rates.!®* The operations of holding companies
and investment trusts which can borrow on terms comparable to operat-
ing companies represent still another force which could be expected to
wipe out any marked or prolonged advantages from holding levered
stocks.?

Although Proposition I remains unaffected as long as the yield curve
is the same for all borrowers, the relation between common stock yields
and leverage will no longer be the strictly linear one given by the original
Proposition II If r increases with leverage, the yield ¢ will still tend to

18 One normally minor qualification might be noted. Once we relax the assumption that all
bonds have certain yields, our arbitrage operator faces the danger of something comparable to
“gambler’s ruin.” That is, there is always the possibility that an otherwise sound concern—
one whose long-run expected income is greater than its interest liability—might be forced into
liquidation as a result of a run of temporary losses. Since reorganization generally involves
costs, and because the operation of the firm may be hampered during the period of reorganiza-
tion with lasting unfavorable effects on earnings prospects, we might perhaps expect heavily
levered companies to sell at a slight discount relative to less heavily indebted companies of the
same class.

19 Under normal conditions, moreover, a substantial part of the arbitrage process could be
expected to take the form, not of having the arbitrage operators go into debt on personal
account to put the required leverage into their portfolios, but simply of having them reduce
the amount of corporate bonds they already hold when they acquire underpriced unlevered
stock. Margin requirements are also somewhat less of an obstacle to maintaining any desired
degree of leverage in a portfolio than might be thought at first glance. Leverage could be
largely restored in the face of higher margin requirements by switching to stocks having more
leverage at the corporate level.

20 An extreme form of inequality between borrowing and lending rates occurs, of course, in
the case of preferred stocks, which can not be directly issued by individuals on personal
account. Here again, however, we would expect that the operations of investment corporations
plus the ability of arbitrage operators to sell off their holdings of preferred stocks would act to
prevent the emergence of any substantial premiums (for this reason) on capital structures con-
taining preferred stocks. Nor are preferred stocks so far removed from bonds as to make it
impossible for arbitrage operators to approzimate closely the risk and leverage of a corporate
preferred stock by incurring a somewhat smaller debt on personal account.
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rise as D/S increases, but at a decreasing rather than a constant rate.
Beyond some high level of leverage, depending on the exact form of the
interest function, the yield may even start to fall.”! The relation between
7 and D/S could conceivably take the form indicated by the curve MD
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in Figure 2, although in practice the curvature would be much less pro-
nounced. By contrast, with a constant rate of interest, the relation
would be linear throughout as shown by line MM’, Figure 2.
The downward sloping part of the curve MD perhaps requires some
2 Since new lenders are unlikely to permit this much leverage (¢f. note 17), this range of the

curve is likely to be occupied by companies whose earnings prospects have fallen substantially
since the time when their debts were issued.
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comment since it may be hard to imagine why investors, other than
those who like lotteries, would purchase stocks in this range. Remember,
however, that the yield curve of Proposition II is a consequence of the
more fundamental Proposition I. Should the demand by the risk-lovers
prove insufficient to keep the market to the peculiar yield-curve MD,
this demand would be reinforced by the action of arbitrage operators.
The latter would find it profitable to own a pro-rata share of the firm as
a whole by holding its stock end bonds, the lower yield of the shares
being thus offset by the higher return on bonds.

D. The Relation of Propositions I and II to Current Doctrines

The propositions we have developed with respect to the valuation of
firms and shares appear to be substantially at variance with current
doctrines in the field of finance. The main differences between our view
and the current view are summarized graphically in Figures 1 and 2.
Our Proposition I [equation (4)] asserts that the average cost of capital,
X7/V;, is a constant for all firms j in class , independently of their fi-
nancial structure. This implies that, if we were to take a sample of firms
in a given class, and if for each firm we were to plot the ratio of expected
return to market value against some measurc of leverage or financial
structure, the points would tend to fall on a horizontal straight linc
with intercept p,7, like the solid line s’ in Figure 1.2 From Proposition
I we derived Proposition IT [equation (8)] which, taking the simplest
version with 7 constant, asserts that, for all firms in a class, the relation
between the yvield on common stock and financial structure, measured
by D;/S;, will approximate a straight line with slope (p,"—7) and inter-
cept pi”. This relationship is shown as the solid line MM’ in Figure 2, to
which reference has been made earlier.?

By contrast, the conventional view among finance specialists appears
to start from the proposition that, other things equal, the earnings-
price ratio (or its reciprocal, the times-earnings multiplier) of a firm’s
common stock will normally be only slightly affected by “moderate”
amounts of debt in the firm’s capital structure.® Translated into our no-

2 In Figure 1 the measure of leverage used is D;/1’; (the ratio of debt to market value)
rather than D;/S; (the ratio of debt to equity), the concept used in the analytical develop-
ment. The D;/V; measure is introduced at this point because it simplifies comparison and con-
trast of our view with the traditional position.

2 The line MM’ in Figure 2 has been drawn with a positive slope on the assumption that
pr">r, a condition which will normally obtain. Our Proposition II as given in equation (8)
would continue to be valid, of course, even in the unlikely event that p;"<r, but the slope of
MM’ would be negative.

% See, e.g., Graham and Dodd (6, pp. 464-66]. Without doing violence to this position, we
can bring out its implications more sharply by ignoring the qualification and treating the yield
as a virtual constant over the relevant range. See in this connection the discussion in Durand
(3, esp. pp. 225-37] of what he calls the “net income method” of valuation.
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tation, it asserts that for any firm 7 in the class &,

er — rD; 5" B D,'
(13) —_—= = 4;* a constant for — < L,
S; S; S

or, equivalently,
(19) S, = 77','7/1:1;*.

Here #,* represents the capitalization rate or earnings-price ratio on the
common stock and L, denotes some amount of leverage regarded as the
maximum ‘“‘reasonable” amount for firms of the class k. This assumed
relationship between yield and leverage is the horizontal solid line ML’
of Figure 2. Beyond L', the yield will presumably rise sharply as the
market discounts “‘excessive’ trading on the equity. This possibility of a
rising range for high leverages is indicated by the broken-line segment
L’G in the figure.®

If the value of shares were really given by (14) then the over-all mar-
ket value of the firm must be:

X7 — . X ¥
(16) V,-ES,'+D,-=—X~’—7—*£)—’+D,~=)‘(; +(ﬁ—,;'l—D‘-
2 Uk (N

That is, for any given level of expected total returns after taxes (X;7)
and assuming, as seems natural, that 2,* >7, the value of the firm must
tend to rise with debt;?* whereas our Proposition I asserts that the value
of the firm is completely independent of the capital structure. Another
way of contrasting our position with the traditional one is in terms of the
cost of capital. Solving (16) for X;7/V; yields:

an Xj7/Vi=i*— (&* — nNDy/V;

According to this equation, the average cost of capital is not indepen-
dent of capital structure as we have argued, but should tend to fall with
increasing leverage, at least within the relevant range of moderate debt
ratios, as shown by the line ms in Figure 1. Or to put it in more familiar
terms, debt-financing should be “cheaper’ than equity-financing if not
carried too far.

When we also allow for the possibility of a rising range of stock yields
for large values of leverage, we obtain a U-shaped curve like mst in

To make it easier to see some of the implications of this hypothesis as well as to prepare
the ground for later statistical testing, it will be helpful to assume that the notion of a critical
limit on leverage beyond which yields rise rapidly, can be epitomized by a quadratic relation of
the form:

(15) #7/Si = &* + B(Di/S;) + «(D;/S5)?, a>0.

* For a typical discussion of how a promoter can, supposedly, increase the market value of 2
firm by recourse to debt issues, see W. J. Eiteman [4, esp. pp. 11-13].
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Figure 1.2 That a yield-curve for stocks of the form ML’G in Figure 2
implies a U-shaped cost-of-capital curve has, of course, been recognized
by many writers. A natural further step has been to suggest that the
capital structure corresponding to the trough of the U is an “optimal
capital structure” towards which management ought to strive in the
best interests of the stockholders.?® According to our model, by contrast,
no such optimal structure exists—all structures being equivalent from
the point of view of the cost of capital.

Although the falling, or at least U-shaped, cost-of-capital function is
in one form or another the dominant view in the literature, the ultimate
rationale of that view is by no means clear. The crucial element in the
position—that the expected earnings-price ratio of the stock is largely
unaffected by leverage up to some conventional limit—is rarely even
regarded as something which requires explanation. It is usually simply
taken for granted or it is merely asserted that this is the way the market
behaves.?® To the extent that the constant earnings-price ratio has a
rationale at all we suspect that it reflects in most cases the feeling that
moderate amounts of debt in “sound” corporations do not really add
very much to the “riskiness” of the stock. Since the extra risk is slight,
it seems natural to suppose that firms will not have to pay noticeably
higher yields in order to induce investors to hold the stock.*®

A more sophisticated line of argument has been advanced by David
Durand [3, pp. 231-33]. He suggests that because insurance companies
and certain other important institutional investors are restricted to debt
securities, nonfinancial corporations are able to borrow from them at
interest rates which are lower than would be required to compensate

27 The U-shaped nature of the cost-of-capital curve can be exhibited explicitly if the yield
curve for shares as a function of leverage can be approximated by equation (15) of footnote 25.
From that equation, multiplying both sides by S; we obtain: ;7= X;7—7D;=ix*S;+8D;+aD?
/S; or, adding and subtracting #* Dy from the right-hand side and collecting terms,

(19) R = i*(Si+ D) + (B + r — i")D; + aD%/S;.

Dividing (18) by V; gives an expression for the cost of capital:

R/Vi= it = @ ~ 1 = OD/Vy + aDAS{V; = is* = Ge* = 1 — OD/V;
+a(Di/V)* /(1 — D;/Vi)

which is clearly U-shaped since « is supposed to be positive.

28 For a typical statement see S. M. Robbins [16, p. 307]. See also Graham and Dodd (6,
pp. 468-74].

2 See e.g., Graham and Dodd [6, p. 466).

% A typical statement is the following by Guthmann and Dougall [7, p. 245]: ‘“Theoretically
it might be argued that the increased hazard from using bonds and preferred stocks would
counterbalance this additional income and so prevent the common stock from being more
attractive than when it had a lower return but fewer prior obligations. In practice, the extra
earnings from ‘trading on the equity’ are often regarded by investors as more than sufficient to
serve as a ‘premium for risk’ when the proportions of the several securities are judiciously
mixed.”

(19)
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creditors in a free market. Thus, while he would presumably agree with
our conclusions that stockholders could not gain from leverage in an un-
constrained market, he concludes that they can gain under present insti-
tutional arrangements. This gain would arise by virtue of the ‘“safety
superpremium” which lenders are willing to pay corporations for the
privilege of lending. 3

The defective link in both the traditional and the Durand version of
the argument lies in the confusion between investors’ subjective risk
preferences and their objective market opportunities. Our Propositions
I and II, as noted earlier, do not depend for their validity on any as-
sumption about individual risk preferences. Nor do they involve any as-
sertion as to what is an adequate compensation to investors for assum-
ing a given degree of risk. They rely merely on the fact that a given
commodity cannot consistently sell at more than one price in the mar-
ket; or more precisely that the price of a commodity representing a
“bundle” of two other commodities cannot be consistently different
from the weighted average of the prices of the two components (the
weights being equal to the proportion of the two commodities in the
bundle).

An analogy may he helpful at this point. The relations between 1/p,
the price per dollar of an unlevered stream in class k; 1/r, the price per
dollar of a sure stream, and 1/7;, the price per dollar of a levered stream
7, in the kth class, are essentially the same as those between, respective-
ly, the price of whole milk, the price of butter fat, and the price of milk
which has been thinned out by skimming off some of the butter fat. Our
Proposition I states that a firm cannot reduce the cost of capital—i.e.,
increase the market value of the stream it generates—by securing part
of its capital through the sale of bonds, even though debt money ap-
pears to be cheaper. This assertion is equivalent to the proposition that,
under perfect markets, a dairy farmer cannot in general earn more for
the milk he produces by skimming some of the butter fat and selling
it separately, even though butter fat per unit weight, sells for more
than whole milk. The advantage from skimming the milk rather than
selling whole milk would be purely illusory; for what would be gained
from selling the high-priced butter fat would be lost in selling the low-
priced residue of thinned milk. Similarly our Proposition IT—that the
price per dollar of a levered stream falls as leverage increases—is an ex-

3t Like Durand, Morton [15] contends ‘“‘that the actual market deviates from [Proposition
1) by giving a changing over-all cost of money at different points of the [leverage] scale’’ (p.
443, note 2, inserts ours), but the basis for this contention is nowhere clearly stated. Judging
by the great emphasis given to the lack of mobility of investment funds between stocks and
bonds and to the psychological and institutional pressures toward debt portfolios (see pp. 444~
51 and especially his discussion of the optimal capital structure on p. 453) he would seem to be
taking a position very similar to that of Durand above.



Appendix B
Workpaper UIF-10
Page 21 of 50

280 THE AMERICAN ECONOMIC REVIEW

act analogue of the statement that the price per gallon of thinned milk
falls continuously as more butter fat is skimmed off.*

It is clear that this last assertion is true as long as butter fat is worth
more per unit weight than whole milk, and it holds even if, for many
consumers, taking a little cream out of the milk (adding a little leverage
to the stock) does not detract noticeably from the taste (does not add
noticeably to the risk). Furthermore the argument remains valid even
in the face of instituional limitations of the type envisaged by Durand.
For suppose that a large fraction of the population habitually dines in
restaurants which are required by law to serve only cream in lieu of
milk (entrust their savings to institutional investors who can only buy
honds). To be sure the price of butter fat will then tend to be higher in
relation to that of skimmed milk than in the absence such restrictions
(the rate of interest will tend to be lower), and this will benefit people
who eat at home and who like skim milk (who manage their own port-
folio and are able and willing to take risk). But it will still be the case
that a farmer cannot gain by skimming some of the butter fat and sell-
ing it separately (firm cannot reduce the cost of capital by recourse to
borrowed funds).®

Our propositions can be regarded as the extension of the classical
theory of markets to the particular case of the capital markets. Those
who hold the current view—whether they realize it or not—must as-

# Let M denote the quantity of whole milk, B/Af the proportion of butter fat in the whole
milk, and let par, p5 and p, denote, respectively, the price per unit weight of whole milk, butter

fat and thinned milk from which a fraction « of the butter fat has been skimmed off. We then
have the fundamental perfect market relation:

(a) pa(M — aB) + ppaB = puM, O0LaXl,
stating that total receipts will be the same amount px»M, independently of the amount aB of

butter fat that may have been sold separately. Since pu corresponds to 1/p, ps to 1/r, pa to
1/i, M to X and aB to rD, (a) is equivalent to Proposition I, S+D=X/p. From (a) we derive:

® = 2
Pa= iy B PP M —aB

which gives the price of thinned milk as an explicit function of the proportion of butter fat
skimmed off; the function decreasing as long as pa> px. From (a) also follows:

ppaB

© pa=1/pw+ W/ = 1/p8) 5

which is the exact analogue of Proposition 11, as given by (8).

3 The reader who likes parables will find that the analogy with interrelated commodity
markets can be pushed a good deal farther than we have done in the text. For instance, the
effect of changes in the market rate of interest on the over-all cost of capital is the same as the
effect of a change in the price of butter on the price of whole milk. Similarly, just as the rela-
tion between the prices of skim milk and butter fat influences the kind of cows that will be
reared, so the relation between 7 and r influences the kind of ventures that will be undertaken.
If people like butter we shall have Guernseys; if they are willing to pay a high price for safety,
this will encourage ventures which promise smaller but less uncertain streams per dollar of
physical assets,
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sume not merely that there are lags and frictions in the equilibrating
process—a feeling we certainly share3 claiming for our propositions
only that they describe the central tendency around which observations
will scatter—but also that there are large and sysfematic imperfections
in the market which permanently bias the outcome. This is an assump-
tion that economists, at any rate, will instinctively eye with some skep-
ticism.

In any event, whether such prolonged, systematic departures from
equilibrium really exist or whether our propositions are better descrip-
tions of long-run market behavior can be settled only by empirical re-
search. Before going on to the theory of investment it may be helpful,
therefore, to look at the evidence.

E. Some Preliminary Evidence on the Basic Propositions

Unfortunately the evidence which has been assembled so far is amaz-
ingly skimpy. Indeed, we have been able to locate only two recent stud-
ies—and these of rather limited scope—which were designed to throw
light on the issue. Pending the results of more comprehensive tests which
we hope will soon be available, we shall review briefly such evidence as is
provided by the two studies in question: (1) an analysis of the relation
between security yields and financial structure for some 43 large electric
utilities by ¥. B. Allen [1], and (2) a parallel (unpublished) study by
Robert Smith [19], for 42 oil companies designed to test whether Allen’s
rather striking results would be found in an industry with very differ-
ent characteristics.® The Allen study is based on average figures for the
years 1947 and 1948, while the Smith study relates to the single year
1953.

The Effect of Leverage on the Cost of Capital. According to the received
view, as shown in equation (17) the average cost of capital, X7/V,
should decline linearly with leverage as measured by the ratio D/V, at
least through most of the relevant range.® According to Proposition I,
the average cost of capital within a given class 2 should tend to have
the same value p;” independently of the degree of leverage. A simple test

3 Several specific examples of the failure of the arbitrage mechanism can be found in Graham
and Dodd [6, e.g., pp. 646—48]. The price discrepancy described on pp. 64647 is particularly
curious since it persists even today despite the fact that a whole generation of security analysts
has been brought up on this book!

% We wish to express our thanks to both writers for making available to us some of their
original worksheets. In addition to these recent studies there is a frequently cited (but appar-
ently seldom read) study by the Federal Communications Commission in 1938 [22] which
purports to show the existence of an optimal capital structure or range of structures (in the
sense defined above) for public utilities in the 1930’s. By current standards for statistical in-
vestigations, however, this study cannot be regarded as having any real evidential value for
the problem at hand.

3 We shall simplify our notation in this section by dropping the subscript j used to denote a
particular firm wherever this will not lead to confusion.
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of the merits of the two alternative hypotheses can thus be carried out
by correlating X7/V with D/V. If the traditional view is correct, the
correlation should be significantly negative; if our view represents a bet-
ter approximation to reality, then the correlation should not be signifi-
cantly different from zero.

Both studies provide information about the average value of D—the
market value of bonds and preferred stock—and of V—the market
value of all securities.¥” From these data we can readily compute the
ratio D/V and this ratio (expressed as a percentage) is represented by
the symbol d in the regression equations below. The measurement of
the variable X7/ V, however, presents serious difficulties. Strictly speak-
ing, the numerator should measure the expected returns net of taxes,
but this is a variable on which no direct information is available. As an
approximation, we have followed both authors and used (1) the average
value of actual net returns in 1947 and 1948 for Allen’s utilities; and (2)
actual net returns in 1953 for Smith’s oil companies. Net return is de-
fined in both cases as the sum of interest, preferred dividends and stock-
holders’ income net of corporate income taxes. Although this approxima-
tion to expected returns is undoubtedly very crude, there is no reason to
believe that it will systematically bias the test in so far as the sign of the
regression coefficient is concerned. The roughness of the approximation,
however, will tend to make for a wide scatter. Also contributing to the
scatter is the crudeness of the industrial classification, since especially
within the sample of oil companies, the assumption that all the firms be-
long to the same class in our sense, is at best only approximately valid.

Denoting by x our approximation to X7/V (expressed, like d, as a
percentage), the results of the tests are as follows:

Electric Utilities x = 5.3 4 .006d r= .12
(£ .008)

Oil Companies x = 8.5+ .006d r = .04,
(£.024)

The data underlying these equations are also shown in scatter diagram
form in Figures 3 and 4.
The results of these tests are clearly favorable to our hypothesis.

¥ Note that for purposes of this test preferred stocks, since they represent an expected fixed
obligation, are properly classified with bonds even though the tax status of preferred dividends
is different from that of interest payments and even though preferred dividends are really
fixed only as to their maximum in any year. Some difficulty of classification does arise in the
case of convertible preferred stocks (and convertible bonds) selling at a substantial premnium,
but fortunately very few such issues were involved for the companies included in the two
studies. Smith included bank loans and certain other short-term obligations (at book values)
in his data on oil company debts and this treatment is perhaps open to some question. How-
ever, the amounts involved were relatively small and check computations showed that their
elimination would lead to only minor differences in the test results.
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Both correlation coefficients are very close to zero and not statistically
significant. Furthermore, the implications of the traditional view fail to
be supported even with respect to the sign of the correlation. The data
in short provide no evidence of any tendency for the cost of capital to
fall as the debt ratio increases.?®

It should also be apparent from the scatter diagrams that there is no
hint of a curvilinear, U-shaped, relation of the kind which is widely be-
lieved to hold between the cost of capital and leverage. This graphical
impression was confirmed by statistical tests which showed that for
both industries the curvature was not significantly different from zero,
its sign actually being opposite to that hypothesized.3®

Note also that according to our model, the constant terms of the re-
gression equations are measures of py7, the capitalization rates for un-
levered streams and hence the average cost of capital in the classes in
question. The estimates of 8.5 per cent for the oil companies as against
5.3 per cent for electric utilities appear to accord well with a priori ex-
pectations, both in absolute value and relative spread.

The Effect of Leverage an Common Stock Yields. According to our Prop-
osition II—see equation 12 and Figure 2—the expected yield on com-
mon stock, #7/S, in any given class, should tend to increase with lever-
age as measured by the ratio D/S. The relation should tend to be linear
and with positive slope through most of the relevant range (as in the
curve MM’ of Figure 2), though it might tend to flatten out if we move

% It may be argued that a test of the kind used is biased against the traditional view. The
fact that both sides of the regression equation are divided by the variable ¥ which may be
subject to random variation might tend to impart a positive bias to the correlation. As a check
on the results presented in the text, we have, therefore, carried out a supplementary test
based on equation (16). This equation shows that, if the traditional view is correct, the market
value of a company should, fo1 given X7, increase with debt through most of the relevant range;
according to our model the market value should be uncorrelated with D, given X7. Because
of wide variations in the size of the firms included in our samples, all variables must be divided
by a suitable scale factor in order to avoid spurious results in carrying out a test of equation
(16). The factor we have used is the book value of the firm denoted by 4. The hypothesis
tested thus takes the specific form:

V/4 = a+ b(X/A) + c(D/A)
and the numerator of the ratio X"/A is again approximated by actual net returns. The partial
correlation between ¥/A4 and D/A should now be positive according to the traditional view
and zero according to our model. Although division by 4 should, if anything, bias the results
in favor of the traditional hypothesis, the partial correlation turns out to be only .03 for the oil
companies and —.28 for the electric utilities. Neither of these coefficients is significantly differ-
ent from zero and the larger one even has the wrong sign.

* The tests consisted of fitting to the data the equation (19) of footnote 27. As shown
there, it follows from the U-shaped hypothesis that the coefficient « of the variable (D/V)
/(1—D/V), denoted hereafter by d*, should be significant and positive. The following regres-
sion equations and partials were obtained:

Electric Utilities = 5.0 + .017d — .0034*; ;40 o = — .15
Oil Companies =z = 8.0 -+ .05 — .03d*; .40 .a = — .14.
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far enough to the right (as in the curve MD’), to the extent that high
leverage tends to drive up the cost of senior capital. According to the
conventional view, the yield curve as a function of leverage should be a
horizontal straight line (like M L’) through most of the relevant range;
far enough to the right, the yield may tend to rise at an increasing rate.
Here again, a straight-forward correlation—in this case between #/S
and D/S—can provide a test of the two positions. If our view is correct,
the correlation should be significantly positive; if the traditional view is
correct, the correlation should be negligible.

Subject to the same qualifications noted above in connection with
X, we can approximate #* by actual stockholder net income.** Letting
z denote in each case the approximation to #7/S (expressed as a per-
centage) and letting 4 denote the ratio D/S (also in percentage terms)
the following results are obtained:

Electric Utilities z = 6.6 4+ .017h r= .53
(+.004)

Qil Companies z = 8.9 + .051% r = .53.
(£.012)

These results are shown in scatter diagram form in Figures 5 and 6.
Here again the implications of our analysis seem to be borne out by
the data. Both correlation coefiicients are positive and highly significant
when account is taken of the substantial sample size. Furthermore, the
estimates of the coeflicients of the equations seem to accord reasonably
well with our hypothesis. According to equation (12) the constant term
should be the value of pi” for the given class while the slope should he
(pw"—7). From the test of Proposition I we have seen that for the oil
companies the mean value of pi” could be estimated at around 8.7.
Since the average yield of senior capital during the period covered was
in the order of 3% per cent, we should expect a constant term of about
8.7 per cent and a slope of just over 5 per cent. These values closely ap-
proximate the regression estimates of 8.9 per cent and 5.1 per cent re-
spectively. For the electric utilities, the yield of senior capital was also
on the order of 3} per cent during the test years, but since the estimate
of the mean value of p;” from the test of Proposition I was 5.6 per cent,
4 As indicated earlier, Smith’s data were for the single year 1953. Since the use of a single
year’s profits as a measure of expected profits might be open to objection we collected profit

data for 1952 for the same companies and based the computation of #7/.S on the average of the
two years. The value of 77/.S was obtained from the formula:
( assets in ’53

net earnings in 1952 - —————
& assets in ’52

- net earnings in ’1953) —

+ (average market value of common stock in ’53).

The asset adjustment was introduced as rough allowance for the effects of possible growth in
the size of the firm. It might be added that the correlation computed with 7/S based on net
profits in 1953 alone was found to be only slightly smaller, namely .50.
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the slope should be just above 2 per cent. The actual regression estimate
for the slope of 1.7 per cent is thus somewhat low, but still within one
standard error of its theoretical value. Because of this underestimate of
the slope and because of the large mean value of leverage (=160 per
cent) the regression estimate of the constant term, 6.6 per cent, is some-
what high, although not significantly different from the value of 5.6
per cent obtained in the test of Proposition I.

When we add a square term to the above equations to test for the
presence and direction of curvature we obtain the following estimates:

Electric Utilities z = 4.6 4+ .004%2 — .0074?
Oil Companies 2z = 8.5 4 .072% — .01642

For both cases the curvature is negative. In fact, for the electric utili-
ties, where the observations cover a wider range of leverage ratios, the
negative coefficient of the square term is actually significant at the §
per cent level. Negative curvature, as we have seen, runs directly coun-
ter to the traditional hypothesis, whereas it can be readily accounted
for by our model in terms of rising cost of borrowed funds.t

In summary, the empirical evidence we have reviewed seems to be
broadly consistent with our model and largely inconsistent with tradi-
tional views. Needless to say much more extensive testing will be re-
quired before we can firmly conclude that our theory describes market
behavior. Caution is indicated especially with regard to our test of
Proposition II, partly because of possible statistical pitfalls®? and partly
because not all the factors that might have a systematic effect on stock
yields have been considered. In particular, no attempt was made to test
the possible influence of the dividend pay-out ratio whose role has
tended to receive a great deal of attention in current research and think-
ing. There are two reasons for this omission. First, our main objective
has been to assess the prima facie tenability of our model, and in this
model, based as it is on rational behavior by investors, dividends per se
play no role. Second, in a world in which the policy of dividend stabiliza-
tion is widespread, there is no simple way of disentangling the true ef-
fect of dividend payments on stock prices from their apparent effect,

4 That the yield of senior capital tended to rise for utilities as leverage increased is clearly
shown in several of the scatter diagrams presented in the published version of Allen’s study.
This significant negative curvature between stock yields and leverage for utilities may be part-
ly responsible for the fact, previously noted, that the constant in the linear regression is some-
what higher and the slope somewhat lower than implied by equation (12). Note also in connec-
tion with the estimate of px” that the introduction of the quadratic term reduces the constant
considerably, pushing it in fact below the a priori expectation of 5.6, though the difference is
again not statistically significant.

# In our test, e.g., the two variables g and % are both ratios with S appearing in the denomi-
nator, which may tend to impart a positive bias to the correlation (¢f. note 38). Attempts were

made to develop alternative tests, but although various possibilities were explored, we have
so far been unable to find satisfactory alternatives.
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the latter reflecting only the role of dividends as a proxy measure of
long-term earning anticipations.® The difficulties just mentioned are
further compounded by possible interrelations between dividend policy
and leverage.*

II. Implications of the Analysis for the Theory of Investment
A. Capital Structure and Investment Policy

On the basis of our propositions with respect to cost of capital and
financial structure (and for the moment neglecting taxes), we can derive
the following simple rule for optimal investment policy by the firm:

Proposition I11. If a firm in class & is acting in the best interest of the
stockholders at the time of the decision, it will exploit an investment op-
portunity if and only if the rate of return on the investment, say p*,
is as large as or larger than pi. That is, the cut-off point for investment
in the firm will in all cases be pi and will be completely unaffected by the
type of security used to finance the investment. Equivalently, we may say
that regardless of the financing used, the marginal cost of capital to a
firm is equal to the average cost of capital, which is in turn equal to the
capitalization rate for an unlevered stream in the class to which the
firm belongs.%

To establish this result we will consider the three major financing al-
ternatives open to the firm—bonds, retained earnings, and common
stock issues—and show that in each case an investment is worth under-
taking if, and only if, p*=p;.1

Consider first the case of an investment financed by the sale of bonds.
We know from Proposition I that the market value of the firm before the
investment was undertaken was:*?

(20) Vo= Xo/ps

4 We suggest that failure to appreciate this difficulty is responsible for many fallacious, or
at least unwarranted, conclusions about the role of dividends.

4 In the sample of electric utilities, there is a substantial negative correlation between yields
and pay-out ratios, but also between pay-out ratios and leverage, suggesting that either the
association of yields and leverage or of yields and pay-out ratios may be (at least partly)
spurious. These difficulties however do not arise in the case of the oil industry sample. A pre-
liminary analysis indicates that there is here no significant relation between leverage and
pay-out ratios and also no significant correlation (either gross or partial) between yields and
pay-out ratios.

4 The analysis developed in this paper is essentially a comparative-statics, not a dynamic
analysis. This note of caution applies with special force to Proposition III. Such problems as
those posed by expected changes in 7 and in px over time will not be treated here. Although
they are in principle amenable to analysis within the general framework we have laid out, such
an undertaking is sufficiently complex to deserve separate treatment. Cf. note 17.

% The extension of the proof to other types of financing, such as the sale of preferred stock or
the issuance of stock rights is straightforward.

47 Since no confusion is likely Lo arise, we have again, {or simplicity, eliminated the subscripts

identifying the firm in the equations to follow. Fixcept for pz, the subscripts now refer to time
periods.
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and that the value of the common stock was:
(21) So = Vo — D,.

If now the firm borrows I dollars to finance an investment yielding p* its
market value will become:
Xo+ o*I *I
(22) V, = deres =V, Ll
Px Pr

and the value of its common stock will be:

*
(23) Su=Vi= Do+ 1) =Vo+ 22 = Dy = 1
Pk
or using equation 21,
p*l
(24) S|=So+““—°].
Pk
Hence 51285 as p*3p..*®

To illustrate, suppose the capitalization rate for uncertain streams in
the kth class is 10 per cent and the rate of interest is 4 per cent. Then if
a given company had an expected income of 1,000 and if it were financed
entirely by common stock we know from Proposition I that the market
value of its stock would be 10,000. Assume now that the managers of the
firm discover an investment opportunity which will require an outlay of
100 and which is expected to yield 8 per cent. At first sight this might
appear to be a profitable opportunity since the expected return is double
the interest cost. If, however, the management borrows the necessary
100 at 4 per cent, the total expected income of the company rises to
1,008 and the market value of the firm to 10,080. But the firm now will
have 100 of bonds in its capital structure so that, paradoxically, the
market value of the stock must actually be reduced from 10,000 to
9,980 as a consequence of this apparently profitable investment. Or, to
put it another way, the gains from being able to tap cheap, borrowed
funds are more than offset for the stockholders by the market’s discount-
ing of the stock for the added leverage assumed.

Consider next the case of retained earnings. Suppose that in the course
of its operations the firm acquired I dollars of cash (without impairing

48 In the case of bond-financing the rate of interest on bonds does not enter explicitly into
the decision (assuming the firm borrows at the market rate of interest). This is true, more-
over, given the conditions outlined in Section I.C, even though interest rates may be
an increasing function of debt outstanding. To the extent that the firm borrowed at a rate
other than the market rate the two I’s in equation (24) would no longer be identical and an
additional gain or loss, as the case might be, would accrue to the shareholders. It might also
be noted in passing that permitting the two I’s in (24) to take on different values provides a
simple method for introducing underwriting expenses into the analysis.
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the earning power of its assets). If the cash is distributed as a dividend
to the stockholders their wealth W, after the distribution will be:
X,
(25) Wo=So+1=-""— Do+ 1
Pe
where X represents the expected return from the assets exclusive of the
amount 7 in question. If however the funds are retained by the company
and used to finance new assets whose expected rate of return is p*, then
the stockholders’ wealth would become:
Xo+ p*I p*l
= D=8+ —
P Pk

(26) W,=381

Clearly W:2W, as p*2p: so that an investment financed by retained
earnings raises the net worth of the owners if and only if p* > p;.%

Consider finally, the case of common-stock financing. Let P, denote
the current market price per share of stock and assume, for simplicity,
that this price reflects currently expected earnings only, that is, it does
not reflect any future increase in earnings as a result of the investment
under consideration.®® Then if N is the original number of shares, the
price per share is:

@n Py = So/N

and the number of new shares, M, needed to finance an investment of /
dollars is given by:

(28) M !
Py
As a result of the investment the market value of the stock becomes:
Xo+ p*I *I *I
51=_0_P—“D0=50+p—‘= NP0+£“—
Pk Pk Pk

and the price per share:

Sh 1 o*I
(29) P = = [NPO + ﬁ]
N+ M N+M or

4 The conclusion that p; is the cut-off point for investments financed from internal funds
applies not only to undistributed net profits, but to depreciation allowances (and even to the
funds represented by the current sale value of any asset or collection of assets). Since the
owners can earn px by investing funds elsewhere in the class, partial or total liquidating distri-
butions should be made whenever the firm cannot achieve a marginal internal rate of return
equal to py.

50 Jf we assumed that the market price of the stock did reflect the expected higher future
earnings (as would be the case if our original set of assumptions above were strictly followed)
the analysis would differ slightly in detail, but not in essentials. The cut-off point for new in-
vestment would still be pi, but where p*>p; the gain to the original owners would be larger
than if the stock price were based on the pre-investment expectations only.
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Since by equation (28), I=M P,, we can add M P, and subtract I from
the quantity in bracket, obtaining:

* __
P, [(N+ MPe+2 "kz]

N+ M P
(30)
1 p*—nm
=Py+——
N+ M p

1> Pyif,

and only if, p* > ps.

Thus an investment financed by common stock is advantageous to the
current stockholders if and only if its yield exceeds the capitalization
rate pg.

Once again a numerical example may help to illustrate the result and
make it clear why the relevant cut-off rate is p, and not the current yield
on common stock, ¢. Suppose that p is 10 per cent, 7 is 4 per cent, that
the original expected income of our company is 1,000 and that manage-
ment has the opportunity of investing 100 having an expected yield of
12 per cent. If the original capital structure is 50 per cent debt and 50
per cent equity, and 1,000 shares of stock are initially outstanding,
then, by Proposition I, the market value of the common stock must be
5,000 or 5 per share. Furthermore, since the interest bill is .04< 5,000
=200, the yield on common stock is 800/5,000=16 per cent. It may
then appear that financing the additional investment of 100 by issuing
20 shares to outsiders at 5 per share would dilute the equity of the origi-
nal owners since the 100 promises to yield 12 per cent whereas the com-
mon stock is currently yielding 16 per cent. Actually, however, the
income of the company would rise to 1,012; the value of the firm to
10,120; and the value of the common stock to 5,120. Since there are
now 1,020 shares, each would be worth 5.02 and the wealth of the origi-
nal stockholders would thus have been increased. What has happened
is that the dilution in expected earnings per share (from .80 to .796) has
been more than offset, in its effect upon the market price of the shares,
by the decrease in leverage.

Our conclusion is, once again, at variance with conventional views,5
so much so as to be easily misinterpreted. Read hastily, Proposition ITT
seems to imply that the capital structure of a firm is a matter of indiffer-
ence; and that, consequently, one of the core problems of corporate
finance—the problem of the optimal capital structure for a firm—is no
problem at all. It may be helpful, therefore, to clear up such possible
misundertandings.

51 In the matter of investment policy under uncertainty there is no single position which
represents “accepted”’ doctrine. For a sample of current formulations, all very different from
ours, see Joel Dean [2, esp. Ch. 3], M. Gordon and E. Shapiro [3], and Harry Roberts [17].
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B. Proposition I1I and Financial Planning by Firms

Misinterpretation of the scope of Proposition IIT can be avoided by
remembering that this Proposition tells us only that the type of instru-
ment used to finance an investment is irrelevant to the question of
whether or not the investment is worth while. This does not mean that
the owners (or the managers) have no grounds whatever for preferring
one financing plan to another; or that there are no other policy or tech-
nical issues in finance at the level of the firm.

That grounds for preferring one type of financial structure to another
will still exist within the framework of our model can readily be seen
for the case of common-stock financing. In general, except for some-
thing like a widely publicized oil-strike, we would expect the market to
place very heavy weight on current and recent past earnings in forming
expectations as to future returns. Hence, if the owners of a firm dis-
covered a major investment opportunity which they felt would yield
much more than py, they might well prefer not to finance it via common
stock at the then ruling price, because this price may fail to capitalize
the new venture. A better course would be a pre-emptive issue of stock
(and in this connection it should be remembered that stockholders are
free to borrow and buy). Another possibility would be to finance the
project initially with debt. Once the project had reflected itself in in-
creased actual earnings, the debt could be retired either with an equity
issue at much better prices or through retained earnings. Still another
possibility along the same lines might be to combine the two steps by
means of a convertible debenture or preferred stock, perhaps with a
progressively declining conversion rate. Even such a double-stage
financing plan may possibly be regarded as yielding too large a share
to outsiders since the new stockholders are, in effect, being given an
interest in any similar opportunities the firm may discover in the future.
If there is a reasonable prospect that even larger opportunities may arise
in the near future and if there is some danger that borrowing now would
preclude more borrowing later, the owners might find their interests
best protected by splitting off the current opportunity into a separate
subsidiary with independent financing. Clearly the problems involved
in making the crucial estimates and in planning the optimal financial
strategy are by no means trivial, even though they should have no bear-
ing on the basic decision to invest (as long as p*=px).»

Another reason why the alternatives in financial plans may not be a
matter of indifference arises from the fact that managers are concerned

52 Nor can we rule out the possibility that the existing owners, if unable to use a financing
plan which protects their interest, may actually prefer to pass up an otherwise profitable ven-
ture rather than give outsiders an “‘excessive’” share of the business. Tt is presumably in situa-

tions of this kind that we could justifiably speak of a shortage of “equity capital,” though this
kind of market imperfection is likely to be of significance only for small or new firms.
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with more than simply furthering the interest of the owners. Such other
objectives of the management—which need not be necessarily in con-
flict with those of the owners—are much more likely to be served by
some types of financing arrangements than others. In many forms of
borrowing agreements, for example, creditors are able to stipulate terms
which the current management may regard as infringing on its preroga-
tives or restricting its freedom to maneuver. The creditors might even
be able to insist on having a direct voice in the formation of policy.® To
the extent, therefore, that inancial policies have these implications for
the management of the firm, something like the utility approach de-
scribed in the introductory section becomes relevant to financial (as
opposed to investment) decision-making. It is, however, the utility func-
tions of the managers per se and not of the owners that are now in-
volved.™

In summary, many of the specific considerations which bulk so large
in traditional discussions of corporate finance can readily be superim-
posed on our simple framework without forcing any drastic (and cer-
tainly no systematic) alteration of the conclusion which is our principal
concern, namely that for investment decisions, the marginal cost of
capital is ps.

C. The Effect of the Corporate Income Tax on Investment Decisions

In Section I it was shown that when an unintegrated corporate income
tax is introduced, the original version of our Proposition I,

X/V = px = a constant
must be rewritten as:
X-rD)Q—-1)+rD X

(11) = == px’ = a constant,

Throughout Section I we found it convenient to refer to X7/V as the
cost of capital. The appropriate measure of the cost of capital relevant

3 Similar considerations are involved in the matter of dividend policy. Even though the
stockholders may be indifferent as to payout policy as long as investment policy is optimal,
the management need not be so. Retained earnings involve far fewer threats to control than
any of the alternative sources of funds and, of course, involve no underwriting expense or risk.
But against these advantages management must balance the fact that sharp changes in divi-
dend rates, which heavy reliance on retained earnings might imply, may give the impression
that a firm’s finances are being poorly managed, with consequent threats to the control and
professional standing of the management.

% In principle, at least, this introduction of management’s risk preferences with respect to
financing methods would do much to reconcile the apparent conflict between Proposition ITI
and such empirical findings as those of Modigliani and Zeman [14] on the close relation between
interest rates and the ratio of new debt to new equity issues; or of John Lintner [12] on the
considerable stability in target and actual dividend-payout ratios.
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to investment decisions, however, is the ratio of the expected return
before taxes to the market value, i.e., X/V. From (11) above we find:

X o — (DY) o [1 TrD]
14 V]

which shows that the cost of capital now depends on the debt ratio,
decreasing, as D/V rises, at the constant rate rr/(1—7).% Thus, with
a corporate income tax under which interest is a deductible expense,
gains can accrue to stockholders from having debt in the capital struc-
ture, even when capital markets are perfect. The gains however are
small, as can be seen from (31), and as will be shown more explicitly
below.

From (31) we can develop the tax-adjusted counterpart of Proposi-
tion ITI by interpreting the term D/V in that equation as the proportion
of debt used in any additional financing of V dollars. For example, in
the case where the financing is entirely by new common stock, D=0
and the required rate of return p, on a venture so financed becomes:

(31)

1—17 1—-7

T
s P

1—7

(32) ox

For the other extreme of pure debt financing D=7V and the required
rate of return, pi?, becomes:

o r r T
(33) PI:D=1 1"'7"": =pS|1l—7—1=p5— 7.5

-7 Pr I 1—7

For investments financed out of retained earnings, the problem of defin-
ing the required rate of return is more difficult since it involves a com-
parison of the tax consequences to the individual stockholder of receiv-
ing a dividend versus having a capital gain. Depending on the time of
realization, a capital gain produced by retained earnings may be taxed
either at ordinary income tax rates, 50 per cent of these rates, 25 per

% Equation (31) is amenable, in principle, to statistical tests similar to those described in
Section I.E. However we have not made any systematic attempt to carry out such tests so far,
because neither the Allen nor the Smith study provides the required information. Actually,
Smith’s data included a very crude estimate of tax liability, and, using this estimate, we did in
fact obtain a negative relation between X/V and D/V. However, the correlation (—.28) turned
out to be significant only at about the 10 per cent level. While this result is not conclusive, it
should be remembered that, according to our theory, the slope of the regression equation should
be in any event quite small. In fact, with a value of = in the order of .5, and values of p;" and
r in the order of 8.5 and 3.5 per cent respectively (¢f. Section I.LE) an increase in D/V from
0 to 60 per cent (which is, approximately, the range of variation of this variable in the sample)
should tend to reduce the average cost of capital only from about 17 to about 15 per cent.

8 This conclusion does not extend to preferred stocks even though they have been classed
with debt issues previously. Since preferred dividends except for a portion of those of public
utilities are not in general deductible from the corporate tax, the cut-off point for new financing
via preferred stock is exactly the same as that for common stock.
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cent, or zero, if held till death. The rate on any dividends received in the
event of a distribution will also be a variable depending on the amount
of other income received by the stockholder, and with the added com-
plications introduced by the current dividend-credit provisions. If we
assume that the managers proceed on the basis of reasonable estimates
as to the average values of the relevant tax rates for the owners, then
the required return for retained earnings px® can be shown to be:
1 1 — 1 1 -1

34 R - T —_ Pt
(34) P pkl—'rl—‘rg 1——‘r‘,k

where 74 is the assumed rate of personal income tax on dividends and
7, is the assumed rate of tax on capital gains.

A numerical illustration may perhaps be helpful in clarifying the rela-
tionship between these required rates of return. If we take the following
round numbers as representative order-of-magnitude values under
present conditions: an after-tax capitalization rate p,” of 10 per cent, a
rate of interest on bonds of 4 per cent, a corporate tax rate of 50 per cent,
a marginal personal income tax rate on dividends of 40 per cent (cor-
responding to an income of about $25,000 on a joint return), and a capi-
tal gains rate of 20 per cent (one-half the marginal rate on dividends),
then the required rates of return would be: (1) 20 per cent for invest-
ments financed entirely by issuance of new common shares; (2) 16 per
cent for investments financed entirely by new debt; and (3) 15 per cent
for investments financed wholly from internal funds.

These results would seem to have considerable significance for current
discussions of the effect of the corporate income tax on financial policy
and on investment. Although we cannot explore the implications of the
results in any detail here, we should at least like to call attention to the
remarkably small difference between the ‘“cost” of equity funds and
debt funds. With the numerical values assumed, equity money turned
out to be only 25 per cent more expensive than debt money, rather than
something on the order of 5 times as expensive as is commonly supposed
to be the case.’” The reason for the wide difference is that the traditional

5 See e.g., D. T. Smith [18]. It should also be pointed out that our tax system acts in other
ways to reduce the gains from debt financing. Heavy reliance on debt in the capital structure,
for example, commits a company to paying out a substantial proportion of its income in the
form of interest payments taxable to the owners under the personal income tax. A debt-free
company, by contrast, can reinvest in the business all of its (smaller) net income and to this
extent subject the owners only to the low capital gains rate (or possibly no tax at all by virtue
of the loophole at death). Thus, we should expect a high degree of leverage to be of value to
the owners, even in the case of closely held corporations, primarily in cases where their firm
was not expected to have much need for additiona! funds to expand assets and earnings in the
future. To the extent that opportunities for growth were available, as they presumably would
be for most successful corporations, the interest of the stockholders would tend to be better
served by a structure which permitted maximum use of retained earnings.
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view starts from the position that debt funds are several times cheaper
than equity funds even in the absence of taxes, with taxes serving sim-
ply to magnify the cost ratio in proportion to the corporate rate. By
contrast, in our model in which the repercussions of debt financing on
the value of shares are taken into account, the only difference in cost is
that due to the tax effect, and its magnitude is simply the tax on the
“grossed up’’ interest payment. Not only is this magnitude likely to be
small but our analysis yields the further paradoxical implication that
the stockholders’ gain from, and hence incentive to use, debt financing is
actually smaller the lower the rate of interest. In the extreme case
where the firm could borrow for practically nothing, the advantage of
debt financing would also be practically nothing.

III. Conclusion

With the development of Proposition III the main objectives we out-
lined in our introductory discussion have been reached. We have in our
Propositions T and II at least the foundations of a theory of the valua-
tion of firms and shares in a world of uncertainty. We have shown,
moreover, how this theory can lead to an operational definition of the
cost of capital and how that concept can be used in turn as a basis for
rational investment decision-making within the firm. Needless to say,
however, much remains to be done before the cost of capital can be
put away on the shelf among the solved problems. Our approach has
been that of static, partial equilibrium analysis. It has assumed among
other things a state of atomistic competition in the capital markets and
an ease of access to those markets which only a relatively small (though
important) group of firms even come close to possessing. These and
other drastic simplifications have been necessary in order to come to
grips with the problem at all. Having served their purpose they can now
be relaxed in the direction of greater realism and relevance, a task in
which we hope others interested in this area will wish to share.
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equanimity a writing-down of the value of their reserves, or unless one is
prepared to forego the possibility of exchange-rate adjustment, any major
extension of the gold exchange standard is dependent upon the introduction
of guarantees. It is misleading to suggest that the multiple key-currency sys-
tem is an alternative to a guarantee, as implied by Roosa [6, pp. 5-7 and
9-12].

IV. Conclusion

The most noteworthy conclusion to be drawn from this analysis is that the
successful operation of a multiple key-currency system would require both
exchange guarantees and continuing cooperation between central bankers of
a type that would effectively limit their choice as to the form in which they
hold their reserves. Yet these are two of the conditions whose undesirability
has frequently been held to be an obstacle to implementation of the alterna-
tive proposal to create a world central bank. The multiple key-currency pro-
posal represents an attempt to avoid the impracticality supposedly associated
with a world central bank, but if both proposals in fact depend on the fulfill-
ment of similar conditions, it is difficult to convince oneself that the sacrifice of
the additional liquidity that an almost closed system would permit is worth
while. Unless, of course, the object of the exercise is to reinforce discipline
rather than to expand liquidity.

JorN WILLIAMSON*
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Corporate Income Taxes and the Cost of Capital:
A Correction

The purpose of this communication is to correct an error in our paper
““The Cost of Capital, Corporation Finance and the Theory of Investment”
(this Review, June 1958). In our discussion of the effects of the present
method of taxing corporations on the valuation of firms, we said (p. 272):

The deduction of interest in computing taxable corporate profits will
prevent the arbitrage process from making the value of all firms in a
given class proportional to the expected returns generated by their
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physical assets. Instead, it can be shown (by the same type of proof
used for the original version of Proposition I) that the marke! values
of firms in each class must be proportional in equilibrium to their ex-
pected returns net of taxes (that is, to the sum of the interest paid and
expected net stockholder income). (Italics added.)

The statement in italics, unfortunately, is wrong. For even though one
firm may have an expected return after taxes (our X7) twice that of another
firm in the same risk-equivalent class, it will not be the case that the actual
return after taxes (our X7) of the first firm will always be twice that of the
second, if the two firms have different degrees of leverage.! And since the
distribution of returns after taxes of the two firms will not be proportional,
there can be no “‘arbitrage’ process which forces their values to be propor-
tional to their expected after-tax returns.? In fact, it can be shown—and
this time it really will be shown—that “arbitrage’ will make values within
any class a function not only of expected after-tax returns, but of the tax
rate and the degree of leverage. This means, among other things, that the
tax advantages of debt financing are somewhat greater than we originally
suggested and, to this extent, the quantitative difference between the valu-
ations implied by our position and by the traditional view is narrowed. It
still remains true, however, that under our analysis the tax advantages of
debt are the only permanent advantages so that the gulf between the two
views in matters of interpretation and policy is as wide as ever.

I. Taxes, Leverage, and the Probability Distribution of After-Tax Returns

To see how the distribution of after-tax earnings is affected by leverage,
let us again denote by the random variable X the (long-run average) earn-
ings before interest and taxes generated by the currently owned assets of a
given firm in some stated risk class, 2.3 From our definition of a risk class it
follows that X can be expressed in the form XZ, where X is the expected
value of X, and the random variable Z=X/X, having the same value for
all firms in class £, is a drawing from a distribution, say fi(Z). Hence the

! With some exceptions, which will be noted when they occur, we shall preserve here both
the notation and the terminology of the original paper. A working knowledge of both on the
part of the reader will be presumed.

2 Barring, of course, the trivial case of universal linear utility functions. Note that in defer-
ence to Professor Durand (see his Comment on our paper and our reply, this Review, Sept.1959,
49, 639-69) we here and throughout use quotation marks when referring to arbitrage.

3 Thus our X corresponds essentially to the familiar EBIT concept of the finance literature.
The use of EBIT and related “income’ concepts as the basis of valuation is strictly valid only
when the underlying real assets are assumed to have perpetual lives. In such a case, of course,
EBIT and ‘“cash flow” are one and the same. This was, in effect, the interpretation of X we
used in the original paper and we shall retain it here both to preserve continuity and for the
considerable simplification it permits in the exposition. We should point out, however, that
the perpetuity interpretation is much less restrictive than might appear at first glance. Before-
tax cash flow and EBIT can also safely be equated even where assets have finite lives as soon
as these assets attain a steady state age distribution in which annual replacements equal
annual depreciation. The subject of finite lives of assets will be further discussed in connection
with the problem of the cut-off rate for investment decisions.



Appendix B
Workpaper UIF-10
Page 42 of 50

COMMUNICATIONS 435

random variable X7, measuring the after-tax return, can be expressed as:
1) X=1-DX-R+R=01-DX+R=01-7)XZ+ R

where 7 is the marginal corporate income tax rate (assumed equal to the
average), and R is the interest bill. Since E(X")=X"=(1—7)X+7R we can
substitute X™—7R for (1—7)X in (1) to obtain:

- — TR
(2) X’=(X’—rR)Z—l—rR:X’(l—}_}T)Z—{-TR.
Thus, if the tax rate is other than zero, the shape of the distribution of X*
will depend not only on the “scale” of the stream X* and on the distribution

of Z, but also on the tax rate and the degree of leverage (one measure of
which is R/X"). For example, if Var (Z) =o? we have:

Var (X7) = 2?*?(1 2y
ar (X7) = o*(X7) "?)

implying that for given X~ the variance of after-tax returns is smaller, the
higher 7 and the degree of leverage.*

I1. The Valuation of After-Tax Returns

Note from equation (1) that, from the investor’s point of view, the long-
run average stream of after-tax returns appears as a sum of two com-
ponents: (1) an uncertain stream (1—7)XZ; and (2) a sure stream 7R.
This suggests that the equilibrium market value of the combined stream
can be found by capitalizing each component separately. More precisely,
let p” be the rate at which the market capitalizes the expected returns net
of tax of an unlevered company of size X in class &, i.e.,

(a1-nX 1 -X
L U —_— ————
Vu P’ ’

6
P

¢ It may seem paradoxical at first to say that leverage reduces the variability of outcomes,
but remember we are here discussing the variability of total returns, interest plus net profits.
The variability of stockholder net profits will, of course, be greater in the presence than in the
absence of leverage, though relatively less so than in an otherwise comparable world of no
taxes. The reasons for this will become clearer after the discussion in the next section.

% The statement that TR—the tax saving per period on the interest payments—is a sure
stream is subject to two qualifications. First, it must be the case that firms can always obtain
the tax benefit of their interest deductions either by offsetting them directly against other
taxable income in the year incurred; or, in the event no such income is available in any given
year, by carrying them backward or forward against past or future taxable earnings; or, in the
extreme case, by merger of the firm with (or its sale to) another firm that can utilize the deduc-
tion. Second, it must be assumed that the tax rate will remain the same. To the extent that
neither of these conditions holds exactly then some uncertainty attaches even to the tax
savings, though, of course, it is of a different kind and order from that attaching to the stream
generated by the assets. For simplicity, however, we shall here ignore these possible elements
of delay or of uncertainty in the tax saving; but it should be kept in mind that this neglect
means that the subsequent valuation formulas overstate, if anything, the value of the tax
saving for any given permanent level of debt.

¢ Note that here, as in our original paper, we neglect dividend policy and “growth” in the
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and let r be the rate at which the market capitalizes the sure streams gen-
erated by debts. For simplicity, assume this rate of interest is a constant
independent of the size of the debt so that

r=— or D=-—"
D r

Then we would expect the value of a levered firm of size X, with a perma-
nent level of debt Dy in its capital structure, to be given by:

1-X R
3) Vp=————+4+—=Vy+1D.3
g r

In our original paper we asserted instead that, within a risk class, market
value would be proportional to expected after-tax return X7 (cf. our original
equation [11]), which would imply:

X (1-nX R r
=———+—=Vo+ 7D
P p

@ Vi=" -
p p

We will now show that if (3) does not hold, investors can secure a more
efficient portfolio by switching from relatively overvalued to relatively

undervalued firms. Suppose first that unlevered firms are overvalued or that
VL — 1D < Vu.

An investor holding m dollars of stock in the unlevered company has a right
to the fraction m/Vy of the eventual outcome, i.e., has the uncertain income

Vyv= (;,m—) (1 -7Xz.

U

Consider now an alternative portfolio obtained by investing m dollars as
follows: (1) the portion,

Gora=an)
m\ T~ )
St+ 1 —1)D;,

is invested in the stock of the levered firm, Sz ; and (2) the remaining por-

tion,
< (1—-1Dg )
m| ——————1,
S:+ {1 —71D,

sense of opportunities to invest at a rate of return greater than the market rate of return. These
subjects are treated extensively in our paper, “Dividend Policy, Growth and the Valuation of
Shares,” Jour. Bus., Univ. Chicago, Oct. 1961, 411-33.

7 Here and throughout, the corresponding formulas when the rate of interest rises with lever-
age can be obtained merely by substituting r(L) for r, where L is some suitable measure of
leverage.

8 The assumption that the debt is permanent is not necessary for the analysis. It is employed
here both to maintain continuity with the original model and because it gives an upper bound
on the value of the tax saving. See in this connection footnote § and footnote 9.
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is invested in its bonds. The stock component entitles the holder to a fraction,
m
S+ —-7)Dy ’
of the net profits of the levered company or
m
(SL + (1 - T)DL) [@ = DXZ = Ra)].
The holding of bonds yields

(m@_)—.%) [(1 =Rz,

Hence the total outcome is

m _—
Vo= ((sL Ta- T>DL)> [ =nXZ]

and this will dominate the uncertain income ¥y if (and only if)
SL+(1—T)DLESL‘I‘DL—TD[,—:—VL—TDL<Vu.

Thus, in equilibrium, Vy cannot exceed V,—rDy, for if it did investors
would have an incentive to sell shares in the unlevered company and pur-
chase the shares (and bonds) of the levered company.

Suppose now that ¥V, —7D;> Vy. An investment of m dollars in the stock
of the levered firm entitles the holder to the outcome

V5= (m/Sp)[(1 — N(XZ — R;)]
= (m/S.)(1 — NXZ — (m/S1)(1 — 7)Ry.

Consider the following alternative portfolio: (1) borrow an amount
(m/S1)(1—71)D;, for which the interest cost will be (m/S;)(1—7)Ry
(assuming, of course, that individuals and corporations can borrow at the
same rate, 7); and (2) invest m plus the amount borrowed, i.e.,
'm(l—r)DL SL+(1 ‘-T)DL
+ m

SL SL

= (m/Sp)[Vi'— 7Dy]
in the stock of the unlevered firm. The outcome so secured will be
VL - TDL —
m/Sp)(—————) (1 —nXZ.
Vo
Subtracting the interest charges on the borrowed funds leaves an income of

VL —TDL —
YU = (m/SL) (—'—V*—"——) (1 b T)XZ — (m/SL)(l - T)RL

U

which will dominate ¥ if (and only if) V,—7D > Vy. Thus, in equilibrium,
both Vi—r D> Vy and V—r D <Vy are ruled out and (3) must hold.
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111. Some Implications of Formula (3)

To see what is involved in replacing (4) with (3) as the rule of valuation,
note first that both expressions make the value of the firm a function of
leverage and the tax rate. The difference between them is a matter of the
size and source of the tax advantages of debt financing. Under our original
formulation, values within a class were strictly proportional to expected
earnings after taxes. Hence the tax advantage of debt was due solely to the
fact that the deductibility of interest payments implied a higher level of
after-tax income for any given level of before-tax earnings (i.e., higher by
the amount rRsince X7=(1—7)X~+7R). Under the corrected rule (3), how-
ever, there is an additional gain due to the fact that the extra after-tax
earnings, TR, represent a sure income in contrast to the uncertain outcome
(1—7)X. Hence 7R is capitalized at the more favorable certainty rate,1/r,
rather than at the rate for uncertain streams, 1/p".°

Since the difference between (3) and (4) is solely a matter of the rate at
which the tax savings on interest payments are capitalized, the required
changes in all formulas and expressions derived from (4) are reasonably
straightforward. Consider, first, the before-tax earnings yield, i.e., the ratio
of expected earnings before interest and taxes to the value of the firm.'
Dividing both sides of (3) by V and by (1—7) and simplifying we obtain:

X pT D
(31.0) — = [1 - 1'—]
V 1-—71 14

which replaces our original equation (31) (p. 294). The new relation differs
from the old in that the coefficient of D/V in the original (31) was smaller
by a factor of r/p".

Consider next the after-tax earnings yield, i.e., the ratio of interest pay-
ments plus profits after taxes to total market value.* This concept was dis-
cussed extensively in our paper because it helps to bring out more clearly
the differences between our position and the traditional view, and because
it facilitates the construction of empirical tests of the two hypotheses about
the valuation process. To see what the new equation (3) implies for this
yield we need merely substitute X'—7R for (1—7)X in (3) obtaining:

9 Remember, however, that in one sense formula (3) gives only an upper bound on the value
of the firm since rR/r=7D is an exact measure of the value of the tax saving only where both
the tax rate and the level of debt are assumed to be fixed forever (and where the firm is cer-
tain to be able to use its interest deduction to reduce taxable income either directly or via
transfer of the loss to another firm). Alternative versions of (3) can readily be developed for
cases in which the debt is not assumed to be permanent, but rather to be outstanding only
for some specified finite length of time. For reasons of space, we shall not pursue this line of
inquiry here beyond observing that the shorter the debt period considered,the closer does the
valuation formula approach our original (4). Hence, the latter is perhaps still of some interest
if only as a lower bound.

10 Following usage common in the field of finance we referred to this yield as the “average
cost of capital.” We feel now, however, that the term “before-tax earnings yield” would be pref-
erahle both because it is more immediately descriptive and because it releases the term “cost
of capital” for use in discussions of optimal investment policy (in accord with standard usage
in the capital budgeting literature).

11 We referred to this yield as the “after-tax cost of capital.” Cf. the previous footnote.



Appendix B
Workpaper UIF-10
Page 46 of 50

COMMUNICATIONS 439
X — R X pT— 7
(5) V=———0¢4+7D= + 7 D,
pr pf p"'

from which it follows that the after-tax earnings yield must be:
X
14

This replaces our original equation (11) (p. 272) in which we had simply
X'/V=p". Thus, in contrast to our earlier result, the corrected version
(11.c) implies that even the after-tax yield is affected by leverage. The
predicted rate of decrease of X7/V with D/V, however, is still considerably
smaller than under the naive traditional view, which, as we showed, implied
essentially X7/ V=p"-(p"—#)D/V. See our equation (17) and the discussion
immediately preceding it (p. 277).12 And, of course, (11.c) implies that the
effect of leverage on X7/V is solely a matter of the deductibility of interest
payments whereas, under the traditional view, going into debt would lower
the cost of capital regardless of the method of taxing corporate earnings.

Finally, we have the matter of the after-tax yield on equity capital, i.e.,
the ratio of net profits after taxes to the value of the shares.’® By subtract-
ing D from both sides of (5) and breaking X~ into its two components—
expected net profits after taxes, #7, and interest payments, R=rD—we
obtain after simplifying:

(11.¢)

=p*"—7(p"—1r)D/V.

w7 Tt
(6) S=V_D=——(l—1)<p )D.
I pr
From (6) it follows that the after-tax yield on equity capital must be:
7T-7
(12.0) St 7)o" — 7] D/S

which replaces our original equation (12), #/S=p"+(p"—r)D/S (p. 272).
The new (12.c) implies an increase in the after-tax yield on equity capital
as leverage increases which is smaller than that of our original (12) by a
factor of (1—7). But again, the linear increasing relation of the corrected
(12.c) is still fundamentally different from the naive traditional view which
asserts the cost of equity capital to be completely independent of leverage
(at least as long as leverage remains within “conventional” industry
limits).
IV. Taxes and the Cost of Capilal

From these corrected valuation formulas we can readily derive corrected
measures of the cost of capital in the capital budgeting sense of the mini-
mum prospective yield an investment project must offer to be just worth

12 The 4,* of (17) is the same as " in the present context, each measuring the ratio of net
profits to the value of the shares (and hence of the whole firm) in an unlevered company of
the class.

13 We referred to this yield as the “after-tax cost of equity capital.” Cf. footnote 9.
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undertaking from the standpoint of the present stockholders. If we inter-
pret earnings streams as perpetuities, as we did in the original paper, then
we actually have two equally good ways of defining this minimum yield:
either by the required increase in before-tax earnings, dX, or by the re-
quired increase in earnings net of taxes, dX(1—r)." To conserve space,
however, as well as to maintain continuity with the original paper, we
shall concentrate here on the before-tax case with only brief footnote refer-
ences to the net-of-tax concept.

Analytically, the derivation of the cost of capital in the above sense
amounts to finding the minimum value of dX/dI for which dV =dI, where
I denotes the level of new investment.!® By differentiating (3) we see that:

D
— 1—7r—
o W _1=raX e D ar
—_— i ———— —— t— 1_ _______—__T.
i e ar < a= 1-7 °

Hence the before tax required rate of return cannot be defined without
reference to financial policy. In particular, for an investment considered as
being financed entirely by new equity capital dD/dI=0 and the required
rate of return or marginal cost of equity financing (neglecting flotation
costs) weould be:

This result is the same as that in the original paper (see equation [32], p.
294) and is applicable to any other sources of financing where the remunera-
tion to the suppliers of capital is not deductible for tax purposes. It applies,
therefore, to preferred stock (except for certain partially deductible issues
of public utilities) and would apply also to retained earnings were it not
for the favorable tax treatment of capital gains under the personal income
tax.

For investments considered as being financed entirely by new debt capital
dI=dD and we find from (7) that:

(33.0) pP = p7
which replaces our original equation (33) in which we had:

T
(33) pP = pS —

7.
1—7

1 Note that we use the term “earnings net of taxes” rather than “earnings after taxes.”
We feel that to avoid confusion the latter term should be reserved to describe what will
actually appear in the firm’s accounting statements, namely the net cash flow including the
tax savings on the interest (our X7). Since financing sources cannot in general be allocated to
particular investments (see below), the after-tax or accounting concept is not useful for capital
budgeting purposes, although it can be extremely useful for valuation equations as we saw in
the previous section.

¥ Remember that when we speak of the minimum required yield on an investment we are
referring in principle only to investments which increase the scale of the firm. That is, the new
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Thus for borrowed funds (or any other tax-deductible source of capital) the
marginal cost or before-tax required rate of return is simply the market
rate of capitalization for net of tax unlevered streams and is thus independ-
ent of both the tax rate and the interest rate. This required rate is lower
than that implied by our original (33), but still considerably higher than
that implied by the traditional view (see esp. pp. 276-77 of our paper)
under which the before-tax cost of borrowed funds is simply the interest
rate, r.

Having derived the above expressions for the marginal costs of debt and
equity financing it may be well to warn readers at this point that these ex-
pressions represent at best only the hypothetical extremes insofar as costs
are concerned and that neither is directly usable as a cut-off criterion for
investment planning. In particular, care must be taken to avoid falling into
the famous ‘“Liquigas’ fallacy of concluding that if a firm intends to float a
bond issue in some given year then its cut-off rate should be set that year
at p?; while, if the next issue is to be an equity one, the cut-off is pS. The
point is, of course, that no investment can meaningfully be regarded as 100
per cent equity financed if the firm makes any use of debt capital-——and
most firms do, not only for the tax savings, but for many other reasons hav-
ing nothing to do with “cost’ in the present static sense (cf. our original
paper pp. 292-93). And no investment can meaningfully be regarded as 100
per cent debt financed when lenders impose strict limitations on the maxi-
mum amount a firm can borrow relative to its equity (and when most firms
actually plan on normally borrowing less than this external maximum so
as to leave themselves with an emergency reserve of unused borrowing
power). Since the firm’s long-run capital structure will thus contain both
debt and equity capital, investment planning must recognize that, over
the long pull, all of the firm’s assets are really financed by a mixture of debt
and equity capital even though only one kind of capital may be raised in
any particular year. More precisely, if L* denotes the firm’s long-run ‘“tar-
get” debt ratio (around which its actual debt ratio will fluctuate as it
“alternately” floats debt issues and retires them with internal or external
equity) then the firm can assume, to a first approximation at least, that
for any particular investment dD/dI= L*. Hence, the relevant marginal
cost of capital for investment planning, which we shall here denote by p*,
is:

1 - TL*
pr=———p=p5 —
1—7 -7

pPL* = pS(1 — L*) + pPL*.

That is, the appropriate cost of capital for (repetitive) investment decisions
over time s, to a first approximation, a weighted average of the costs of debt
and equity financing, the weights being the proportions of each in the
“target’ capital structure.’®

assets must be in the same “class” as the old. See in this connection, J. Hirshleifer, “Risk, the
Discount Rate and Investment Decisions,” Am. Econ. Rev., May 1961, 51, 112-20 (especially
pp. 119-20). See also footnote 16.

16 From the formulas in the text one can readily derive corresponding expressions for the
required net-of-tax yield, or net-of-tax cost of capital for any given financing policy. Specifi-
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V. Some Concluding Observations

Such, then, are the major corrections that must be made to the various
formulas and valuation expressions in our earlier paper. In general, we can
say that the force of these corrections has been to increase somewhat the
estimate of the tax advantages of debt financing under our model and con-
sequently to reduce somewhat the quantitative difference between the esti-
mates of the effects of leverage under our model and under the naive tradi-
tional view. It may be useful to remind readers once again that the exist-
ence of a tax advantage for debt financing—even the larger advantage of
the corrected version—does not necessarily mean that corporations should
at all times seek to use the maximum possible amount of debt in their
capital structures. For one thing, other forms of financing, notably retained
earnings, may in some circumstances be cheaper still when the tax status of
investors under the personal income tax is taken into account. More im-
portant, there are, as we pointed out, limitations imposed by lenders (see
pp- 292-93), as well as many other dimensions (and kinds of costs) in real-
world problems of financial strategy which are not fully comprehended
within the framework of static equilibrium models, either our own or those
of the traditional variety. These additional considerations, which are
typically grouped under the rubric of ‘“the need for preserving flexibility,”
will normally imply the maintenance by the corporation of a substantial
reserve of untapped borrowing power. The tax advantage of debt may well
tend to lower the optimal size of that reserve, but it is hard to believe that
advantages of the size contemplated under our model could justify any
substantial reduction, let alone their complete elimination. Nor do the data

cally, let (L) denote the required net-of-tax yield for investment financed with a proportion
of debt L=dD/dI. (More generally L denotes the proportion financed with tax deductible
sources of capital.) Then from (7) we find:

® B(L) =(1_.,-)‘%:- (I—Ln)p”

and the various costs can be found by substituting the appropriate value for L. In particular,
if we substitute in this formula the “target” leverage ratio, L*, we obtain:

p*=p(L*)=(1—7L*p"

and §* measures the average net-of-tax cost of capital in the sense described above.

Although the before-tax and the net-of-tax approaches to the cost of capital provide equally
good criteria for investment decisions when assets are assumed to generate perpetual (i.e.,
non-depreciating) streams, such is not the case when assets are assumed to have finite lives
(even when it is also assumed that the firm’s assets are in a steady state age distribution so
that our X or EBIT is approximately the same as the net cash flow before taxes). See foot-
note 3 above. In the latter event, the correct method for determining the desirability of an
investment would be, in principle, to discount the net-of-tax stream at the net-of-tax cost of
capital. Only under this net-of-tax approach would it be possible to take into account the
deductibility of depreciation (and also to choose the most advantageous depreciation policy
for tax purposes). Note that we say that the net-of-tax approach is correct “in principle’” be-
cause, strictly speaking, nothing in our analysis {or anyone else’s, for that matter) has yet
established that it is indeed legitimate to “discount” an uncertain stream. One can hope that
subsequent research will show the analogy to discounting under the certainty case is a valid
one; but, at the moment, this is still only a hope.
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indicate that there has in fact been a substantial increase in the use of debt
(except relative to preferred stock) by the corporate sector during the
recent high tax years.!”

As to the differences between our modified model and the traditional one,
we feel that they are still large in quantitative terms and still very much
worth trying to detect. It is not only a matter of the two views having dif-
ferent implications for corporate financial policy (or even for national tax
policy). But since the two positions rest on fundamentally different views
about investor behavior and the functioning of the capital markets, the
results of tests between them may have an important bearing on issues
ranging far beyond the immediate one of the effects of leverage on the cost
of capital.

Franco MopIGLIANT AND MERTON H. MILLER*

7 See, e.g., Merton H. Miller, “The Corporate Income Tax and Corporate Financial
Policies,” in Staff Reports to the Commission on Money and Credit (forthcoming).

* The authors are, respectively, professor of industrial management, School of Industrial
Management, Massachusetts Institute of Technology, and professor of finance, Graduate
School of Business, University of Chicago.

Consumption, Savings and Windfall Gains: Comment

In her recent article in this Review [3], Margaret Reid attempted to answer
previous articles by Bodkin [1] and Jones [2] challenging the validity of
the permanent income hypothesis. Bodkin and Jones used income and ex-
penditure data for those consumer units who had received the soldiers’ bonus
(National Service Life Insurance dividends) during 1950, the year of the
urban consumption survey [4]. These bonuses were regarded as windfall
gains for the purposes of their analyses.

Professor Reid used data from the same survey, but her windfall gains
were represented by “other money receipts.” These are defined as “inherit-
ances and occasional large gifts of money from persons outside the family

. . and net receipts from the settlement of fire and accident policies” [4,
Vol. 1, p. xxix]. She assumed that the soldiers’ bonus was included, and that
it accounted for about one-half of other money receipts. Here she made an
unfortunate mistake in interpreting the data for the main critical purpose of
her article.

The soldiers’ bonus is not part of “other money receipts” (O) but rather
a part of “disposable money income” (¥). It is the main part of an item in
the disposable money income category called “military pay, allotments, and
pensions” [4, Vol. 11, p. xxix].

This would appear to alter completely the relationship of Professor Reid’s
main findings to the Bodkin results and to change the windfall interpretation
of the O variable. Surely, fire and accident policy settlements are not windfall
income, but rather a (partial) recovery of real assets previously lost. Like-
wise, inheritances are probably best considered as a long-anticipated increase
in assets-—not an increase in transitory income.

The discovery of this error probably does not affect whatever importance
Professor Reid’s secondary finding may have: “. . . the need, in any study of
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