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income return The capital appreciation component of the large-cap stock total return is the change in
the S&P 500 index as reported by S&P Dow Jones Indices from March 1928 to December 2017, and
in Standard & Poor’s Trade and Securities Statistics from January 1926 to February 1928. From
February 1970 to December 2017, the income return was calculated as the difference between the
total return and the capital appreciation return. From January 1926 to January 1970, quarterly
dividends were extracted from rolling yearly dividends reported quarterly in S&P’s Trade and
Securities Statistics, then allocated to months within each quarter using proportions taken from the
1974 actual distribution of monthly dividends within quarters.

[7] “Small Stock” in this context refers to a specific data series created by Ibbotson Associates to
represent smaller market capitalization (i.e., small-cap) stocks. “Small-cap” stocks can be
represented in a variety of ways, including the aforementioned Ibbotson Associates “small stock”
series, or the CRSP 10th decile (as is done later in this article).

[8] The small stock premium is calculated arithmetically here. Arithmetic calculation of premia is
typically done when developing forward-looking long-term inputs for MVO analyses, wealth
forecasting, or discount rates. The small stock premium can also be calculated on a geometric basis
as (1+Small Stock Total Return) + (1+Large Stock Total Return) —1. See: 2018 Stocks, Bonds, Bills,
and Inflation® (SBBI®) Yearbook, Chapter 4, “Description of the Derived Series”, page 4-2. To learn
more about or purchase the Stocks, Bonds, Bills, and Inflation® (SBBI®) Yearbook, visit:
duffandphelps.onfastspring.com/books.

[9] Small-cap companies do not always outperform large-cap companies. However, as the holding
period is increased, small-cap companies tend to outperform large-cap companies to an increasingly
greater degree. In other words, the longer small-cap companies are given to “race” against large-cap
companies, the greater the chance that small-cap companies outpace their larger counterparts. For a
detailed discussion of this concept, see the Cost of Capital Navigator “Resources” section, 2078
Valuation Handbook—U.S. Guide to Cost of Capital, Chapter 4, “Basic Building Blocks of the Cost of
Equity Capital — Size Premium”. Duff & Phelps © 2018. Available at dpcostofcapital.com.

[10] The result of this calculation can vary dependent on the series selected to represent large-cap
and small-cap stocks. For example, later in this article a small stock premium is calculated over the
same time horizon (1926—2017) using the same measure of large-cap stocks (the S&P 500 total
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return index), but a different measure of small-cap stocks (the CRSP 10th decile). The result of that
calculation yields a result of 8.13% (see section entitled “Calculating a Small Stock Premium (i.e., a
Non-Beta-Adjusted Size Premium) Using CRSP Decile 10"

[11] “Premia” is the plural of “premium”.

[12] For a detailed discussion of the CRSP Size Premia Study, and the Risk Premium Report Study,
see the Cost of Capital Navigator “Resources” section, 2018 Valuation Handbook—U.S. Guide to
Cost of Capital, Chapter 7, “The CRSP Decile Studies and the Risk Premium Report Studies—A
Comparison”. Duff & Phelps © 2018. Available at dpcostofcapital.com.

[13] Finance professionals use the term equity risk premium interchangeably with market risk
premium (MRP, or RP,,) and equity market risk premium (EMRP).

[14] The Center for Research in Securities Prices (CRSP) constructs 10 market-capitalization-
weighted deciles that are then sorted by market cap. CRSP decile 1 is comprised of the largest
companies, and CRSP decile 10 is comprised of the smallest companies. The CRSP deciles are
comprised of publicly traded U.S. companies from the NYSE, the NYSE MKT, and the NASDAQ
exchanges. To learn more about CRSP, visit www.CRSP.com. The CRSP standard market-
capitalization-weighted deciles were used to calculate size premia in Ibbotson
Associates/Morningstar SBBI® Valuation Yearbook (1999—-2013), the Duff & Phelps Valuation
Handbook—U.S. Guide to Cost of Capital (2014—2017), and now in the online Cost of Capital
Navigator (2018 and subsequent years) at dpcostofcapital.com.

[15] Difference due to rounding. Using two decimals of precision (as shown here), the result is 9.83%
(1.39 x 7.07%). However, using full precision (i.e., all decimals), this result is 9.84%. We note this
because “9.84%” is the actual value used as of December 31, 2017 in these calculations as
published in the Cost of Capital Navigator at dpcostofcapital.com.

[16] Difference due to rounding. Using two decimals of precision (as shown here), the difference is
5.36% (15.20% — 9.84%). However, using full precision (i.e., all decimals), the difference is 5.37%.
We note this because “5.37%” is the actual size premia calculated for CRSP Decile 10 as of
December 31, 2017, as published in the Cost of Capital Navigator at dpcostofcapital.com.
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[17] See: Roger J. Grabowski (2018) The Size Effect Continues to Be Relevant When Estimating
the Cost of Capital. Business Valuation Review: Fall 2018, Vol. 37, No. 3, pp. 93-109. See also:
Roger G. Ibbotson and Daniel Y.-J. Kim, “Risk and Return within the Stock Market: What Works
Best?” working paper, January 8, 2016. Available at www.zebracapital.com.

[18] The SBBI® Yearbook has been published for over 30 years. The SBBI® Yearbook does not
provide extensive valuation data or methodology. The SBBI® “Classic” Yearbook was published by
Morningstar, Inc. from 2007 through 2015, and by Ibbotson Associates in years prior to 2007. Starting
with the 2016 edition, the Stocks, Bonds, Bills, and Inflation® (SBBI®) Yearbook has been produced
by Duff & Phelps (the word “Classic” was dropped from the book’s title). To learn more about or
purchase the Stocks, Bonds, Bills, and Inflation® (SBBI®) Yearbook, visit:
duffandphelps.onfastspring.com/books.

[19] Our previous discussion of the small stock premium was in the context of the traditional way this
statistic has been calculated in the Sfocks, Bonds, Bills, and Inflation (SBBI) “Classic” Yearbook, and
so the Ibbotson Associates Small Company Stock total return index was used as the proxy for small-
cap stocks for that calculation, as is done in that book. In this section, however, we are discussing the
small stock premium and beta-adjusted size premia in the context of the CRSP deciles, and so a
different proxy for small stocks is necessarily being used (CRSP decile 10).

[20] An equivalent calculation can be accomplished using any of the ten CRSP deciles; for the
examples in this section we will develop a small stock premium for CRSP decile 10 to facilitate easy
comparison to our earlier development of a beta-adjusted size premium for CRSP decile 10.

[21] Roger, G. Ibbotson, 1995 Stocks, Bonds, Bills, and Inflation® (SBBI®) Yearbook (Ibbotson
Associates, 1995), Chapter 8, “Estimating the Cost of Capital or Discount Rate”, page 155.

Roger G. Ibbotson is Professor in the Practice Emeritus of Finance at Yale School of Management.
He is also chairman and CIO of Zebra Capital Management, LLC, an equity investment and hedge
fund manager. He is founder, advisor and former chairman of Ibbotson Associates, now a
Morningstar Company. He has written numerous books and articles including Stocks Bonds Bills and
Inflation with Rex Sinquefield (updated annually) which serves as a standard reference for
information and capital market returns.
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Certain information, including images, graphics, numerical or textual data pertaining to assets or securities may be
included in this document to illustrate different types of products and services of Thomson Reuters. Such information may
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THE CONTENTS OF THIS DOCUMENT SHALL NOT CONSTITUTE ANY WARRANTY OF ANY KIND, EITHER
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INTRODUCTION

About Thomson Reuters

Thomson Reuters is the most complete source for integrated information and technology applications in the global
financial services industry. Working in partnership with our clients, we develop individual workflow solutions that answer
their specific data and analysis needs. Among those needs, clients would like insight on future earning prospects of
publicly traded companies. As a result, Thomson Reuters tracks the reported and forecast earnings of these firms
globally. Eamnings Per Share is a key metric, and one most commonly utilized in two ways: to measure performance
gains and to gauge companies’ results versus expectations.

About This Document

This document provides an in depth look at the methodologies Thomson Reuters uses for estimates. The purpose of this
document is to outline, describe and provide reference for the different policies that affect Thomson Reuters estimates
data.

ACCOUNTING REGULATIONS

International Financial Reporting Standards (IFRS)

The European Union has passed a regulation that requires listed European companies to comply with International
Financial Reporting Standards (IFRS) in 2005 for their consolidated financial statements. There is a limited exception for
certain companies to delay implementation until 2007. Generally, the regulation applies to consolidated financial
statements for accounting periods starting on or after January 1, 2005. Thus for those companies with 12-month
accounting periods covering the calendar year, IFRS will first apply to periods ending on December 31, 2005. As a result,
companies will first publish IFRS financial information as at March 31, 2005 (if they report quarterly) or as at June 30,
2005 (if they report semi-annually).

Estimates collected by Thomson Reuters will reflect the adoption of this ruling on a majority basis. The transition period
to IFRS is visible for companies in Europe effective April 25, 2005. In addition to countries in Europe, IFRS will be
adopted by parts of Asia, including Australia and New Zealand. The transition period to IFRS is visible for companies in
Australia and New Zealand effective September 12, 2005.

Dedicated company level footnotes are used to label the majority accounting basis for the company, as well as estimate
level footnotes to label and exclude minority accounting basis estimates.

3 Earnings on a fully adjusted basis
4 Accounting differences exist: Estimate on a Fully-Reported/GAAP basis
W Estimates based on IFRS

3 Earnings on a fully adjusted basis
4 Earnings on a fully reported basis
W Estimates based on IFRS
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FAS123(R)

On December 16, 2004, The Financial Accounting Standards Board (FASB) issued FAS123(R). This ruling requires
companies to calculate the fair value of stock options granted to employees, and amortize that amount over the vesting
period as an expense through the income statement. FAS123(R) is currently effective for fiscal years beginning after
June 15, 2005, with company transition choices of. modified prospective, modified retrospective or early adoption. The
effective date of the ruling was then extended from quarterly to annual periods beginning after June 15, 2005.

Thomson Reuters will treat the expensing of stock options on a company-by-company basis. Stock option expenses will
only be included in the primary EPS mean when the majority of the contributing analysts have included the expenses in
their estimates. Estimates will be footnoted describing whether estimates include or exclude the options expense. Once
the majority of the analysts are including stock option expenses in their estimates, the remaining estimates that do not
include the expenses will be footnoted, filtered, and excluded from the primary EPS mean calculation. In the event that a
contributing analyst provides two sets of EPS estimates for a given company (one including options expenses and one
excluding), the majority basis estimate will appear under the EPS field and the alternative estimate will appear under the
EPX field.

The GAAP EPS measure (GPS) will however, include option expenses per FAS123(R) for periods where GAAP requires
the inclusion of option expenses in reported results, and when the impact is known. When available, estimates from
contributing analysts on a GAAP basis appear under the GPS measure.

For periods where GAAP requires the inclusion of stock options expense, estimates excluding stock options expense will
be filtered and footnoted once the impact of stock options expense is known for that period, as determined by any of the
following:

e company issued guidance,
e aquarterly report,
e the presence of a GAAP estimate including options expense from a single contributor.

For example, if 10 brokers provide a GPS estimate that excludes stock options expense, but 1 broker provides an
estimate that includes stock options expense for a period where GAAP requires inclusion, the 10 brokers excluding
options will be filtered and footnoted and the 1 broker will remain unfiltered and comprise the GPS mean.

Dedicated company level footnotes are used to label the majority accounting basis for the company, as well as estimate
level footnotes to label and exclude minority accounting basis estimates.

Footnote [ext

Estimates reflect adoption of FAS123(R)
Estimates do not reflect adoption of FAS123(R)
Estimates have always reflected adoption of FAS123(R)
No known impact from FAS123(R) on estimates

‘ Estimate includes stock option expenses

6 Estimate excludes stock option expenses

FASB APB 14-1

On May 9, 2008 The Financial Accounting Standards Board (FASB) issued FASB APB 14-1. This ruling requires
companies to change how they account for convertible debt in their financial statements - specifically, debt that can be
converted into cash. Companies will be required to amortize the excess of the principal amount of the liability component
over its carrying amount. This will result in higher interest costs. The effective date of the change will be the first fiscal
year that begins after December 15, 2008, and will impact 2009 fiscal year estimates for most companies. For US traded
companies carrying this type of debt, GAAP earnings will be negatively affected starting with 2009.
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Thomson Reuters will treat estimates impacted by FASB Staff Position APB 14-1 on a company-by-company basis.
Post-FASB APB 14-1 estimates will only be included in the EPS mean when the majority of the contributing analysts have
adopted this accounting change in their estimates. Estimates will be footnoted describing whether estimates reflect or do
not reflect the accounting change. Once the majority of analysts reflect FASB APB 14-1 in their estimates, the remaining
estimates that do not include the expenses will be footnoted, filtered, and excluded from the EPS mean calculation.

The GAAP EPS (Fully Reported) measure will be post FASB APB 14-1 for periods where GAAP requires the amortization
of cash-convertible debt in reported results and when the impact is known. When available, estimates from contributing
analysts on a GAAP basis appear under the GAAP EPS measure on Thomson Reuters products.

Dedicated company level footnotes are used to label the majority accounting basis for the company, as well as estimate
level footnotes to label and exclude minority accounting basis estimates.

'8 . ' Estimates reflect FASB APB 14-1
9 Estimates do not reflect FASB APB 14-1

8 T Estimate reflects FASB APB 14-1

9 Estimate does not reflect FASB APB 14-1

ACTUALS

Evaluation

Thomson Reuters Market Specialists enter both quarterly period and annual actuals where analyst estimates exist on a
real-time global basis - as sourced from multiple newswire feeds, press releases, company websites and public filings.
When a company reports their earnings, the data is evaluated by a Market Specialist to determine if any Extraordinary or
Non-Extraordinary Items (charges or gains) have been recorded by the company during the period. If no items have
been recorded during the period the reported value is entered. If one or more items have been recorded during the
period, actuals will be entered based upon the estimates majority basis at the time of reporting. The Market Specialist will
still review each item in relation to the estimate submissions and how similar items have been treated in past periods. If
after review it is determined that majority basis is to be changed, Thomson Reuters will update the actual and
corresponding surprise values accordingly.

Certain differences exist across regions pertaining to prioritization, coverage, and timeliness. Companies in Asia-Pacific,
North America and Latin America are updated the same day of reporting. In the EMEA region, Tierl companies (445
companies including FTSE 100 and other major indices) are also updated the same-day of reporting, with the Tier 2
companies updated within 15 days.

Please note that Thomson Reuters collects actuals only for periods and measures where current analyst estimates exist.
Majority Basis

Thomson Reuters goal is to present actuals on an operating basis, whereby a corporation's reported earnings are
adjusted to reflect the basis that the majority of contributors use to value the stock. In many cases, the reported figure
contains unusual or one-time items that the majority of analysts exclude from their actuals. The majority accounting basis
is determined on a quarter-by-quarter basis. Typical adjustments are for the effects of extraordinary and non-
extraordinary items.

Thomson Reuters examines each reported item, and includes or excludes the item from the actual based on how the
majority of contributing analysts treat the item for that period. Once the Thomson Reuters Market Specialist determines
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whether the item is being included or excluded by the majority of contributors, they will enter the actual and a footnote
detailing the type of the item, whether it is included or excluded, the size of the item, and the period affected.

If after the comparable actual for the period is saved for a company and a go-forward majority is established on a different
accounting basis, that actual will be replaced to reflect the change and footnoted to indicate the majority basis change.
The announce and activation dates of the original comparable actual will remain.

Any submission of an estimate by a contributing analyst using a non majority actual or on a non majority basis results in a
call from a Thomson Reuters Market Specialist requiring the contributing analyst to adjust to the majority basis or have
their estimates footnoted for an accounting difference and excluded from the mean calculation for the fiscal years in
question. In all cases, appropriate footnotes are added to the estimate to denote what items are included or excluded. In
some cases, a company’s actuals number will be temporarily withheld so that analysts may be contacted and additional
research conducted.

Elimination of Held-Out Actuais Practice (September 2009)

Thomson Reuters made changes to the collection of actuals to provide increased data timeliness. As companies report,
values will be adjusted to the estimates majority basis for the period, then entered into the database without a “hold out”
period.

e Previously, when a company reported results, actuals were collected according to the estimates majority basis for
the period at the time of report. If however, unexpected charges or gains were reported, actuals would
temporarily be “held out” from products to see if the majority basis would change going forward.

o This process introduced possible timeliness issues whilst the sell-side analyst community reacted to the
company news and issued reports, and subsequently Thomson Reuters re-evaluated the majority basis.

e Going forward, this “hold out” period will be eliminated in cases where unexpected charges or gains are reported.
Actuals will be entered strictly based upon the estimates majority basis at the time of report — significantly
increasing timeliness of actuals under these scenarios.

o The review of analyst reaction will still be done by Thomson Reuters, however only after the actual was
already saved to the database and available on products.

o If the analyst majority basis changes after the fact, Thomson Reuters will update the actual and
corresponding surprise values accordingly, and footnote the reason.

BASIC VS. DILUTED ESTIMATES

Dilution occurs when a company issues securities that are convertible into common equity. Such issues can take the
form of convertible bonds, rights, warrants or other instruments. When Thomson Reuters refers to “fully diluted” earnings
estimates it means that the forecasts assume that all eligible shares are converted. Fully diluted earnings per share are,
by definition, less than basic EPS (which is based solely on common shares outstanding).

o To be an eligible convertible security, the contributing analyst must predict that the share price will be greater
than the strike price.

e If the contributing analyst predicts that the convertible security will be eligible, the convertible shares are included
in the analyst's share count, and the interest expense associated with the conversion is included in their EPS
estimate. If the contributing analyst does not predict the convertible security will be eligible, the share count does
not include the convertible shares, and there is no interest expense associated with the convertible. (Interest
expense is associated with the conversion and this scenario has no conversion.)

Thomson Reuters determines whether a company is followed on basic versus diluted shares based on the majority rule.
If a contributor is on the minority basis, the estimate is filtered, footnoted and excluded from the mean calculation using
the estimate level footnotes listed below.

IFootnote Text:

. ' Accounting differences exist: Estimate on a basic share count basis
E Accounting differences exist: Estimate on a diluted share count basis
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North America

Thomson Reuters defaults to using diluted shares in North America, as this is the most widely used valuation method.
Estimates are displayed on a diluted basis taking into account all eligible convertible securities. The only circumstances
where basic shares would be the default for a company would be when a company reports a loss, as basic is the more
conservative valuation method.

International

For international companies, Thomson Reuters determines whether a company is followed on basic vs. diluted shares
based on the majority rule, due to the high amount of variance in which companies are followed. In cases where an
analyst follows a company on a basis that is different from the mean, filters/footnotes are applied to their estimates, which
are then excluded from the mean calculation.

CORPORATE ACTIONS

Corporate actions are defined as any event which can bring material change to a stock, which include the following:

Mergers
Acquisitions
Spin-offs
Stock splits

2 9 © 9

Thomson Reuters obtains information on corporate actions via real-time news feeds as well as information received
directly from companies. Thomson Reuters Market Specialists then process corporate actions on a real-time basis.
Thomson Reuters Market Specialists verify the corporate action announcement by using original press releases from
companies. Corporate action announcements are then footnoted in the appropriate tables (see examples below):

"Estimate; Level | [Footnofe Text,
Code
L ] Accounting differences exist: Estimate reflecting corporate action
\Y Contributor update pending: Estimate not reflecting corporate action
A Accounting Differences Exist
Example:

St. Paul Travelers Cos Inc. (ticker STA)

Corporate Action Announcement: 17-Nov-03 announced merger with Travelers Property Casualty Corp.
Mergers, Acquisitions and Spin Off’'s

Thomson Reuters will reflect estimates on the post-event basis, reflecting the completion of a merger/acquisition/spin-off,
when the first of two events occur:

e The majority of analysts covering the company submit estimates on a post-event basis or;
e The event itself actually closes/completes (usually signified by a press release on or around the closure date).

When a corporate action occurs, before Thomson Reuters makes any data changes, all of the following action details are
thoroughly researched:

e All information must be confirmed, including the action, the date, and how current and historical estimates will
be treated going forward. For example, to which company estimates will be attached.

e Great importance is also placed on how the company will be treating its financial statements going forward. This
research is done by using Datastream, the company's website, or by contacting the company's IR group directly.

e The corporate action is always treated in the database in accordance with the company's guidelines (who will be
the surviving entity, etc.).
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Policies involved with introducing the Merger/Acquisition include:

o Footnotes will be added describing the announced merger/acquisition to all publicly traded companies involved
that we have established in our database.

e All Thomson Reuters mean estimates will reflect a merger/acquisition according to how the majority of analysts
covering the company treat the action. The mean will follow this majority policy up until the date the
merger/acquisition closes. An additional footnote will be added to the database detailing how the mean is
treating the action that will remain present until the action closes. Once the merger/acquisition is closed and
finalized, the estimates must reflect the full affects of the action.

e Upon the date of closing several actions may need to be taken on the part of Thomson Reuters depending on the
type of merger/acquisition that has occurred. All of the possible actions performed are to update the Thomson
Reuters estimates database 1o reflect all effects of the closed corporate action. Below are some broader steps
taken but more specific instructions are listed with each possible scenario below:

e The closing of the merger/acquisition is footnoted. All records and consensus data for surviving or newly formed
companies affected by the merger/acquisition must now fully reflect the effects of the completed corporate action.
This may involve company name or identifier changes of the acquiring company or the creation of a completely
new entity in our database formed through a merger. It will involve making sure all estimate data included in
consensus for these companies reflects the completed action. Historical estimates for the surviving company,
normally the company doing the acquiring, will remain.

e If a company has been acquired or merges with another and no longer exisis as a separate entity, the
estimates/recommendations/price targets associated with that ticker must be stopped and the ticker end-dated
upon closing of the action. Since the company will no longer exist, there will be no visible outstanding or active
records on our products or database. Please note that when estimates are stopped, the user will not have a link
between the former company and the newly created one. Thomson Reuters does, however, keep a record of the
movement of companies in the central estimates database.

The policies Thomson Reuters follows in the case of Spin-Off/De-Merger include:

e Footnotes are added describing the announced spin-off/demerger to all publicly traded companies involved that
are established in the Thomson Reuters database.

e All mean estimates will reflect a spin-off/demerger according to how the majority of analysts covering the
company treat the action. The mean will follow this majority policy up until the date the spin-off/demerger closes.
An additional footnote will be added to the database detailing how consensus is treating the action that will
remain present until the action closes. Once the spin-off/demerger is closed and finalized, the estimates must
reflect the full effects of the action.

o Upon the date of closing several actions may need to be taken on the part of Thomson Reuters depending on the
type of spin-off/demerger that has occurred. All of the possible actions performed are t0 update the estimates
database to reflect all effects of the closed corporate action. Below are some broader steps taken but more
specific instructions are listed with each possible scenario below:

e The closing of the spin-off/demerger is footnoted. All records and consensus data for surviving or newly formed
companies affected by the spin-off/demerger must now fully reflect the effects of the completed corporate action.
This may involve the creation of a completely new entity in the estimates database formed through the spin-
off/demerger. This will involve making sure that all estimate data included in consensus for these companies
reflect the completed action.

e If a previously existing company will no longer exist or no longer trades publicly, all estimates, recommendations
and price targets must be stopped and the ticker end-dated upon closing of the transaction.

Stock Splits & Stock Dividends

A security begins trading on a post-split or post-stock dividend basis the day after the payment date (date the declared
split or dividend is paid). Thomson Reuters enters a footnote that indicates the size of the stock split or stock dividend
and the effective date (the day after the payment date).

After the market closes on the day before the stock begins trading on the new basis, all estimates data in Thomson
Reuters — both current and historical - will be adjusted for the new shares. If a contributing analyst submits estimates on
an adjusted basis prior to the effective date or unadjusted basis after the effective date, Thomson Reuters will contact
that analyst to request properly adjusted estimates.

Please note that Thomson Reuters does not make adjustment factors for corporate actions which do not affect the
number of shares. This document describes the actions taken when a company’s share count changes. This could
include, but is not limited to, spin offs, mergers or cash payments / special payments.
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Example of Stock Split:
Meritage Homes Corp [MTH]
Footnote: 20-Dec-04 2 for 1 Split Effective 10-Jan-05

Thomson Reuters does not adjust estimates for cash payments. The effect of cash payments on estimates is
treated as a revision by the contributing analyst. On the effective date of the cash payment, a Thomson Reuters market
specialist will contact all contributing analysts to request updated figures that include the cash payment. Estimates that
are not updated to reflect the cash payment are footnoted as update pending, and will be filtered from the mean until they
are updated by the contributing analyst.

Example of Stock Split with Cash Payment:

United Business Media PLC [UBM]
14 for 17 share consolidation
Special cash dividend of 89p per share

Thomson Reuters will apply a split factor of 1.214 reflecting the share consolidation. It is expected that contributors will
revise their models to reflect the 89p cash dividend. Contributors that do not revise their estimates to reflect the cash
dividend will be footnoted as update pending and filtered from the mean estimate.

Rights Issues

Rights Issues are treated in the following manner:
e \When rights issues becomes effective, like stock splits, the ex date triggers all current and historical adjustments
for price, shares and earnings.
e Even before the majority of analysts switch to post rights issue estimates, estimates will be collected and
displayed on products prior to the ex-date, but will be excluded from the mean with a new estimate level footnote

type:

Footnote;Code;
| (Miinority:
7 Accounting differences exist: Estimate reflecting rights issue prior to ex-date

o Once the ex-date occurs, footnotes of excluded estimates will be automatically end-dated and will be then added
back into the mean calculation where appropriate.

CONTRIBUTOR REQUIREMENTS

In order to maintain a quality, professional standard for all contributing analysts, Thomson Reuters Contributor Relations
requires a candidate to pass a strict set of guidelines before being enlisted as a contributor. A potential contributor must
provide information to establish that they are a reputable firm. This process includes providing example research reports,
three references from institutional clients, three references from company investor relations, detail on the number of
companies covered per analyst in the firm, and background information on the director of research. Thomson Reuters
currently collects and analyzes the research, ratings and forecasts from many different sell-side or independent
contributors.

Please reference the Thomson Reuters Contributor Approval Policy document for further details.

CURRENCY

The default currency displayed on Thomson Reuters is generally the currency in which the company reports*. Thomson
Reuters will however, accept estimates in any currency.
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The following describes the treatment of non-defauit currency conversions on Thomson Reuters products:
(Please note that product update schedules vary for currency conversions.)

o All estimates revisions received in a non-default currency are updated using the prior day’s currency conversion
rate.

e All non-default estimates have the currency conversion recalculated on Friday night using Friday’s end of the day
conversion rate.

e \When a contributing analyst confirms a default currency estimate, there is no change in the raw value estimate
stored in the database.

e Thomson Reuters provides normalized Summary and Detail history offerings which provide a smooth historical
view for companies that have had a currency change over time and it is intended to simplify clients’ workflow.

A confirmation of a non-default currency estimate however, does result in a reconverted estimate being sent to products.
This estimate will represent the conversion rate as of the day prior to the confirmation.

Please note one exception: the per-share data measures of United Kingdom companies are always covered in BPN (pence) and the values
for non-per share data measures are displayed in GBP (pounds). The label for all estimates, regardless of per share or non-per share
measure type however are BPN.

Treatment of Currency Changes

Thomson Reuters follows companies based on their reporting currency. In some cases however, where the reporting
currency does not reflect the clear majority of estimate submissions, Thomson Reuters may exercise the option to set the
default based on the currency of the majority of estimate submissions. In cases where companies report in multiple
currencies, Thomson Reuters will set the default currency based on the majority of estimate submissions.

Occasionally, companies will change the currency in which they report and/or the majority of analysts covering a
company will change the currency of their estimates. As a result, Thomson Reuters will change the default currency of a
company in order to align with the reporting company or majority of contributing analysts as part of the operational
process.

Normalized Summary & Detai! History (Currency)

Thomson Reuters provides normalized summary and detail history in addition to regular summary and detail history,
providing a smooth historical view for companies that have had a currency change over time and it is intended to simplify
clients’ workflow. Whereas the regular summary and detail history offering provides a clear time series of when a
company changes reporting currencies, the normalized offering will provide all historical estimates for a company in the
current reporting currency of that company.

ENTITLEMENTS INFORMATION

Thomson Reuters is recognized for providing the most timely and accurate estimates data available to investment
professionals. This is made possible in part by an agreement with our contributing analysts which restricts the distribution
of individual analyst’s estimates to certain parties.

The following policy is strictly adhered to:

¢ Individual estimates with the associated contributor names are provided exclusively to institutional 'buy-side’
investors and the research departments of the contributing analysts.

e Institutional investors are defined as users who are involved in executing trades through multiple brokerage firms.

o Investment banking, corporate finance and trading firms are not considered institutional investors as they do not
have a trading relationship with any of the contributing firms and in effect, are competitors of those contributing
analysts. Therefore, these firms are not privy to seeing individual analyst’s earnings estimates.

e Analyst’s research is considered proprietary information, unlike news articles or SEC filings. Detailed earnings
estimates are also considered a part of an analyst’s research and therefore proprietary in nature.

Examples of disentitiement views by product would be:

e Thomson ONE Broker and analyst names are displayed while displaying estimate value
as “PERMISSION DENIED”
e First Call Blank records for entire entry are sent with the detail record — no broker or analyst

name or estimate value are displayed.
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o |/B/E/S Estimator and Analyst Name will be replaced by a numeric code, effectively
meaning “Permission Denied” while displaying estimate value.

In order to gain access to the research reports of a broker with ‘Prior Approval’ status, a client need only speak with their
Thomson Reuters Relationship Manager or Sales Representative directly. Thomson Reuters will contact those brokers
in question and seek approval to access their reports on behalf of the client. If approved, the client will have access to
view the research reports within 24-48 hours.

ESTIMATES COLLECTION

Process

Thomson Reuters gathers earnings forecasts and other data from hundreds of brokerage and independent analysts who
track companies as part of their investment research work. Thomson Reuters calculates a mean consisting of estimates
utilizing the same accounting standards (basis).

Majority Policy

Most institutional clients prefer to view estimates on an “operating” basis, reflecting the majority of the analysts covering a
security. Consequently, Thomson Reuters follows a ‘majority’ policy, where the accounting basis of each company
estimate is determined by the basis used by the majority of contributing analysts.

Once the majority basis has been established, contributing analysts in the minority may keep their original estimates, or
are also given the opportunity to adjust to the majority basis. On rare occasions, the majority basis may be revised as
additional analysts are heard from or as some change their opinion. In all cases, appropriate footnotes are added to the
Thomson Reuters database stating the appropriate basis of each estimate, and if the item has been included or excluded
from the mean estimate.

Adoption of Post-Event Mean (as of September 2009)

As of September 21, 2009, Thomson Reuters adopted more stringent updating rules for analyst’s estimates which are not
reflecting current company events, such as:

o Issuance of Company Guidance
Detail estimates which have not been updated or confirmed following the issuance of guidance and do not fall
within the guidance range (e.g. “$1.00 - $1.10") will be filtered / excluded from the mean at the time of guidance.
In those cases where single-point guidance is issued (e.g. “about $1.007), estimates not within 5% of the
guidance will be footnoted and excluded from the mean. The aforementioned guidance filter will only apply to the
specific measure and period.

Those estimates that are excluded will be labeled with a (N) estimate level footnote. Then, excluded estimates
that are updated or confirmed will have the footnote end-dated and added back into the mean calculation.

e Actual(s) Reporting
Detail estimates for unreported periods which are not updated or confirmed within 10 business days of a prior-
period reported actual will be excluded from the mean, based on the reporting of the EPS actual for that/their
specified period(s).

Those estimates that are excluded from the mean will be labeled with a type (P) estimate level footnote. The
reported actual(s) filter will be applied to all measures and subsequent periods for that fiscal year. Then,
excluded estimates that are updated or confirmed will have the footnote end-dated and added back into the mean
calculation.

Contributor update pending: Estimate not reflecting recent company guidance
P Contributor update pending: Estimate not reflecting recent reported actual
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Please note that all other scenarios, including corporate actions, will continue with the original policy of waiting for the full majority of
analyst treatment however they will be enhanced with hew descriptive footnoftes, illustrated below in the Footnotes section of this document.

Extraordinary ltems

Extraordinary items are defined by the accounting conventions of the Financial Accounting Standards Board. Companies
are required to present extraordinary items as a separate item in their financial statements. Thomson Reuters will always
exclude them from the reported figures, since the majority of contributing analysts always choose to exclude
extraordinary items. Thomson Reuters uses the word "extraordinary” in the most limited sense as defined by accounting
convention (some analysts have the habit of applying the word "extraordinary" to any unusual charges or gains).

The most common extraordinary items are:

e Cumulative Effect of FASB Accounting Changes
o TaxLoss Carry forwards
e Discontinued Operations
e Early Retirement of Debt

Please note that as each quarter is treated independently of each year, any exclusion from a given quarter would result in an
exclusion from the annual estimate

Example: Q1 Included
Q2 Excluded, minority basis
Q3 Included
Q4 Included
FY Excluded, due to Q2 exclusion

Non-Extraordinary ltems

Non-extraordinary and non-operating items are charges or gains that may or may not be seen as pertinent to ongoing
operations, depending on the industry and the opinion of the majority of contributing analysts. In contrast to the uniform
recognition of extraordinary items, there is a great deal more variance within the analyst community concerning the
treatment of non-extraordinary/non-operating items.

When submitting estimates, contributors are encouraged to include or exclude any non-extraordinary items they deem
non-recurring and/or non-operating. Once a non-extraordinary or non-operating item is recognized, a Thomson Reuters
Market Specialist will poll all contributor’'s estimates covering a particular company, to establish if the majority of them are
including or excluding the event. If there is no clear majority, then the charge or gain is included in the mean. If at any
point the majority basis cannot be determined, the Thomson Reuters Market Specialist will further research the affected
estimates, including potentially contacting the contributing analysts, to determine the majority basis.

Examples of Non-Extraordinary items include:

Restructuring charges - larger ones are usually excluded

Asset sale gains or losses - larger ones are usually excluded

Inventory adjustments - included in the majority of cases

Currency adjustments - included in the majority of cases; always included in the Oil industry

Realized securities gains or losses - always excluded in the Insurance industry; always included in the Banking
industry

Acquisition expenses or gains from acquisition - larger ones are usually excluded

Litigation charges or gains from litigation

Tax settlements or adjustments

Wiite-offs

o 8 ©0 o o

@ 0 9 0o
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Majority Basis Footnotes

A new series of valuable company and estimate level footnotes is now available for enhanced transparency of estimate
accounting basis and rationale for exclusions.

COMPANY LEVEL FOOTNOTE

Majority Basis includes/excludes...

(freeform criteria utilized to define specific accounting scenario of the mean calculation)

This new company level footnote is designed for flexibility, and as such it will be edited to reflect any specific
company scenario. Just a few possible examples of what this new freeform footnote will label include, but are not
limited to, the following:

> 2 @ o

Majority Basis excludes restructuring charge
Majority Basis includes tax adjustment gain
Majority Basis includes currency adjustment gain
Majority Basis excludes litigation charge

ESTIMATE LEVEL FOOTNOTES

In addition to labeling a company’s majority accounting basis, Thomson Reuters also introduced new estimate
level footnotes to clarify the specific reasoning of why an estimate was excluded from the mean. Both the
company and estimate level footnotes work in tandem in the event of a change in basis (e.g. if a company’s basis
changes, both sets of footnotes will be “flipped’ to account for the new majority basis).

New / Modified footnotes to be used are as follows:

Accounting differences exist:

Estimate on a Fully-Reported/GAAP basis

Accounting differences exist:

Estimate reflecting rights issue prior to ex-date

Accounting differences exist:

Estimate on a basic share count basis

Accounting differences exist:

Estimate on a diluted share count basis

Accounting differences exist:

Excludes charge(s)

Accounting differences exist:

Includes charge(s)

Accounting differences exist:

Excludes gain(s)

Accounting differences exist:

Includes gain(s)

Accounting differences exist:

Estimate reflecting corporate action

Accounting differences exist:

Estimate on a non-GAAP basis

Accounting differences exist:

Estimate on a Cash EPS basis

Contributor update pending: Estimate not reflecting recent company guidance

Contributor update pending: Estimate failed freshness policy

Contributor update pending: Estimate not reflecting recent reported actual

<|v|0o|Z|X|E|r || ~|T|0|m|w|~| > ipfu

Contributor update pending: Estimate not reflecting corporate action

Existing footnotes which will continue to be used where appropriate are as follows:

[ Footnote; | [Footnote Text,

Earnings on a fully adjusted basis

Estimates Include Stock Options Expense

Estimates Exclude Stock Options Expense

Estimate reflects FASB APB 14-1

Estimate does not reflect FASB APB 14-1

Accounting Differences Exist

Estimate Received directly from Analyst
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D Est rec'd in currency other than default

F Freeform Footnote

K Forecast estimate not a 12-month figure

S Estimate Confirmed in analysts notes.

T Accounting basis unknown - contributor contacted
u* Contributor Update Pending

W Estimates based on IFRS

*Please note that whenever possible, the newly created granular footnotes above will be used, but the existing
“A” and “U” footnotes will still continue to be utilized when multiple minority basis scenarios exist

ESTIMATES TO RESEARCH LINKING (JUMP-TO)

Through use of the Thomson ONE platform, clients subscribing to both Detail-Estimates and Real-Time Research reports
have the capability to click from a sell-side analyst’s estimate to the exact research document from which it was sourced.
This will provide greater transparency to identify the details around estimate movements and pinpoint the exact reasons
why a contributor is revising or confirming an estimate.

Estimates sourced directly from a research report contain a link to the exact report from where the estimate was first
received (identified on the platform as any underlined estimate value in blue). If the estimate was confirmed more
recently, an additional link will display to take the user to the most recent confirmation document.

These links are offered for current or previous estimates available on the detail estimates, full year, all measures and
revision analysis pages of Thomson ONE.

Note that a user must be entitled to Real-Time Research to be able to see the Estimates to Research (Jump-To)
functionality. Additionally the page will only contain links to contributor’'s documents the user is entitled to view.

*Please note: If Estimates were received through automated feeds or files, the value will display without a link.

FISCAL YEAR

The fiscal year displayed on Thomson Reuters products is determined by the calendar year the last month of the fiscal
year falls in. For example, if a company reports fiscal year results ending in January 2007, they are reporting Fiscal Year
2007. If a company reports fiscal year results ending in October 2006, they are reporting Fiscal Year 2006.

Thomson ONE platforms contain estimate data for up to five annual fiscal periods, four quarterly fiscal periods and long-
term growth. (Analysts typically do not make forecasts for periods beyond the third fiscal year and fourth quarter.) Since
not all companies have the same fiscal year end, Thomson Reuters uses the familiar FY1, FY2... convention to identify
estimates for each unique period.

The following is a description of how this labeling technique works:

e The most recently reported earnings number is denoted as time slot **0 (** can be FY, Q, or SAN).

e A company’s last reported annual earnings is referred to as FYO0, the most recently reported quarter is Q0 and the
most recent semiannual reported earnings is SANOQ.

o Using these periods as a base, the period end dates for all estimated periods are easily found.

e If FYO corresponds to the December 2006 year-end, the FY1 mean estimate is for December 2007 and the FY2
mean estimate is for the period ended December 2008. The same holds true for the interim periods.

e If QO refers to the period ended March 2007 (the last reported quarter), then the Q1 estimate is for the June
quarter. A frequent misunderstanding is that Q1 refers to the first fiscal quarter instead of the first estimated
quarter.

Fiscal Year-End Changes:

e If a company decides to change their fiscal period end, stops will be inserted in the database for all existing
estimates on the company with the previous fiscal period end.
¢ New estimates data will then be collected under the new fiscal period end going forward.
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o For example if a company changed from an October year end to December year end, all 10-2007Y estimates
would be stopped, then only 12-2007Y estimates would collected on the effective date of the change.

FOOTNOTES

Footnotes are attached to estimates to alert clients as well as Thomson Reuters Market Specialists of special actions or
situations affecting estimates. There are three distinct types of footnotes that can be entered: Company, Instrument and
Estimate Level Footnotes.

Company-Level Footnotes

Company-level footnotes are footnotes that apply to estimates received from all contributors in a specific measure for a
specific period. All company level footnotes apply to the majority EPS accounting basis, which translates down to all
related data measures as well. Thomson Reuters Market Specialists use company-level footnotes to relay the majority
basis of a table to clients. For example, if the analysts covering a company are including/excluding a specific charge or
gain, a Company-level footnote would be attached to clearly identify this.

The footnotes below show the types of Company-level footnotes available:

Footnote

8 Accounting | Estimate reflects FASB APB 14-1

9 Accounting | Estimate does not reflect FASB APB 14-1

A Accounting | Quarters may not add to annual due to changes in shares outstanding
B Accounting | Estimates reflect adoption of SFAS 142

C Accounting | Stock Carries Goodwill Amortization

D Accounting | No Goodwill Amortization Present In Stock

E Accounting | Estimates reflect adoption of FAS123(R)

F Accounting | Estimates do not reflect adoption of FAS123(R)

G* Accounting | Free Form Extraordinary Event Footnote

I Accounting | Estimates have always reflected adoption of FAS123(R)
M* Accounting | Majority basis Includes / Excludes <text>

N Accounting | No Known impact from FAS123(R) on estimates

*Footnote utilizes free-form criteria to define specific accounting scenarios of the mean calculation.
Instrument-Level Footnotes

Instrument-level footnotes are footnotes without a time frame or specific measure. These footnotes apply to all estimates
entered on a particular ticker across every year and every measure.

For example, if the company tracks FFO instead of EPS, an Instrument-level footnote would be attached to clearly
identify this.

Accounting | Eamings on a fully adjusted basis

Accounting | Eamings on a fully reported basis

Accounting | Estimate reflects FASB APB 14-1

Accounting | Estimate does not reflect FASB APB 14-1

Accounting | Accounting Alert. Free Form

Accounting | Accounting Alert, Company followed on a Cash Earnings basis
Accounting | Estimates reflect adoption of FAS123(R)

Accounting | Estimates do not reflect adoption of FAS123(R)

Accounting | Accounting Alert, Company earnings before goodwill amortization
Accounting | Estimates have always reflected adoption of FAS123(R)
Accounting | Majority basis Includes / Excludes <text>
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N Accounting | No known impact from FAS123(R) on estimates
W Accounting | Estimates based on IFRS

*Footnote utilizes free-form criteria to define specific accounting scenarios of the mean calculation

Estimate-Level Footnotes

Estimate-level footnotes are attached to a specific contributor, ticker, year, measure, and/or period estimate.

The footnotes below show the types of Estimate-level footnotes available. The purpose of Estimate-level footnotes is to
exclude estimates from the mean calculation, and give a label as to the reason why it is excluded. Footnotes in italics
however do not automatically exclude estimates from being part of the mean (C, D, F and S).

3 Accounting Earnings on a fully adjusted basis

4 Accounting Accounting differences exist: Estimate on a Fully-Reported/GAAP basis

5 Accounting Estimate includes stock option expenses

6 Accounting Estimate excludes stock option expenses

7 Accounting Accounting differences exist: Estimate reflecting rights issue prior to ex-date
8 Accounting Estimate reflects FASB APB 14-1

9 Accounting Estimate does not reflect FASB APB 14-1

A Accounting Accounting differences exist

B Accounting Accounting differences exist. Estimate on a basic share count basis

E Accounting Accounting differences exist. Estimate on a diluted share count basis

G Accounting Accounting differences exist. Excludes charge(s)

H Accounting Accounting differences exist: Includes charge(s)

I Accounting Accounting differences exist. Excludes gain(s)

J Accounting Accounting differences exist: Includes gain(s)

K Accounting Forecast estimate not a 12-month figure.

L Accounting Accounting differences exist. Estimate reflecting corporate action

M Accounting Accounting differences exist. Estimate on a non-GAAP basis

T Accounting Accounting basis unknown - contributor contacted

W Accounting Estimates based on IFRS

X Accounting Accounting differences exist. Estimate on a Cash EPS basis

N Freshness Contributor update pending: Estimate not reflecting recent company guidance
O Freshness Contributor update pending: Estimate failed freshness policy

P Freshness Contributor update pending: Estimate not reflecting recent reported actual
U Freshness Contributor update pending.

\ Freshness Contributor update pending: Estimate not reflecting corporate action

C Supplemental Estimate received directly from analyst

D Supplemental Est rec'd in currency other than default

F Supplemental Freeform Footnote

S Supplemental Estimate confirmed in analysts notes.

GLOBAL ESTIMATES FRESHNESS POLICIES

Thomson Reuters strives to provide the freshest estimates content possible to clients and consequently, contributors are
asked to regularly send confirmations of their existing estimates. Thomson Reuters maintains active policies on the
‘freshness’ of estimates provided by contributing analysts. All forecasted data measures are accompanied by original
announce and confirmation dates (in Eastern Time) and are subject to policies designed to prevent stale data:

Estimates

If an estimate has not been updated for 105 days, the estimate is filtered, footnoted with the following estimate level
footnote and excluded from the mean. (Estimates are updated by a contributing analyst sending a confirmation, revision
or drop in coverage.)
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o When Q4 is the current reporting period, Q4 and FY1 estimates are an exception to this rule: Q4 and FY1 estimates
will be filtered when they have not been updated for 120 days. (This allows extra time for companies to report year-
end results.)

If an estimate is not updated for a total of 180 days, the estimate is stopped.

Note:
e All non-updated estimates are auto-filtered at 105 days. If an estimate is later confirmed as current, the
filter/footnote/exclusion will be end-dated and the estimate will be confirmed.
¢ All non-updated estimates are auto-stopped at 180 days. If an estimate is later re-sent by a contributor, it will be
treated as a new estimate initiation.

Recommendations

If a recommendation is not updated for a total of 180 days, the recommendation is stopped. (Recommendations are
updated by a contributing analyst sending a confirmation, revision or drop in coverage.)

Price Targets

Price target data is stopped at the expiration of it’s time horizon (For example, a 12-month price target would be stopped
12 months after it was last revised by a contributing analyst).

GUIDANCE

Guidance is any forward-looking expectation issued directly by a company regarding its future financial performance.
Most importantly, guidance is used by company management to manage investor expectations and by investors to
evaluate the company and predict future performance. Under current full disclosure regulations, guidance is the only legal
method a company can utilize to communicate its expectations to investors.

Thomson Reuters StreetEvents obtains guidance information via real-time news feeds as well as information received
directly from companies. Thomson Reuters Market Specialists analyze estimates and guidance together on a real-time
basis. Thomson Reuters Market Specialists verify the guidance by using original press releases from companies;
comments made by analysts are not used as guidance. Guidance will be evaluated and compared with the earnings
estimates mean before reflecting on product.

Issuance of Company Guidance

Detail estimates which are not updated in a timely fashion after the issuance of guidance will be excluded in order to
create a post-event mean value. Detail estimates which have not been updated or confirmed following the issuance of
guidance and do not fall within the guidance range (e.g. “$1.00 - $1.10") will be excluded from the mean at the time of
guidance. If a single-point guidance is issued (e.g. “about $1.00"), estimate(s) not within 5% of the guidance would be
excluded from the mean with appropriate addition of footnotes (see below). Once excluded estimates are updated or
confirmed, they will have the footnote end-dated and added back into the mean calculation.

[Footpote Text,
Contributor update pending: Estimate not reflecting recent company guidance

Product Views

In Q307, Thomson Reuters began offering a “Mean/Guidance Comparison” page on Thomson ONE, which is separate
from the standard StreetEvents guidance offering. This enhancement allows clients to view mean estimates, actuals and
guidance on the same accounting basis side-by-side to ensure a consistent analysis. Additionally, guidance and
estimates not on the same accounting basis are indicated with a footnote. This comparable guidance data is fielded and
adjusted for corporate actions. Most importantly it is normalized and adjusted to match the accounting basis of estimates;
percentages are translated into values, extraordinary items are included/excluded to adhere to estimates maijority.
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Thomson Reuters offers estimates-comparable guidance on 14 data measures for over 2,350 companies globally, with
history for the S&P500 back to January 20086.

Thomson Reuters also offers Thomson Reuters Guidance Datafeed, bringing I/B/E/S Estimates and Guidance together
into one consistent format allowing clients to perform true comparisons. Thomson Reuters Guidance is a unique, intra-
day datafeed that offers quantitative (numeric) company expectations from press releases and transcripts of corporate
events and plots them alongside the I/B/E/S mean estimate at the time of the release. This offering enables investment
professionals to access company expectations alongside earnings forecasts in a single feed, and most importantly, direct
from the market-leading source including the benefits of:

* Global coverage

+ Historical content dating back to 1994
* Available for fiscal quarters and years
* Announcement dates and timestamps

Estimates Comparable Guidance is available for the following 14 data measures:

DPX Dividends Per Share

EBS EBITDA Per Share

EBT EBITDA

EPS Earnings Per Share

FFO Funds From Operations Per Share
GPS Fully Reported Earnings Per Share
GRM Gross Margin

NET Net Income

OPR Operating Profit

PRE Pre-Tax Income

ROA Return On Assets (%)

ROE Return On Equity (%)

SAL Sales

HISTORY

Thomson Reuters I/B/E/S historical earnings database is revision-based. Therefore, a new ‘record’ is not written into
history unless the current estimate changes (referred to as “revised”). In the event that a contributing analyst is confident
in the current estimate and does not wish to revise the estimate, a confirmation is requested. Confirmations add integrity
to the estimates (a 30-day old estimate, although in-line with all other estimates, is not regarded as confidently as a day-
old estimate). Confirmations are easily identifiable in the database in that the announce (effective) date remains
unchanged while the confirmation date is updated to the date of the confirmation.

Error-Corrected History

Thomson Reuters has traditionally made error corrections to historical data if it can be substantiated through published
research documentation. While there are certain types of estimate data that contain “As published” information (e.g.,
Surprise values), the majority of the data is error corrected. Policies on historical corrections are defined by data item. In
general, historical corrections are made upon request/review and are granted based on: corresponding documentation
and if necessary, after the basis is verified.

There are two main types of data items:

e Earnings forecasts and other period-specific data items
e Recommendations or Target Prices

For each of the types, the following factors are taken into consideration when making historical changes:
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How long ago did the error occur?

o Within the last six months: Changes are made to the database. History is captured in the recalculated mean
figures.

e Prior to the past six months: These changes are made but do not automatically result in recalculated mean
figures. This is due to the need to adjust history products and tables, or else detail data will not match mean
data. As a result, summary history may not match detail history due to such error corrections.

How was the data received?
e Data can be received via: Notes, PDF Research, or Universe Files.
Types of changes made to historical data:
e Value, Effective Date (and Activation Date for Actuals), Analyst Coverage, Deletion, Addition of Missed Revision

Historical corrections are made to ensure the highest quality data. Errors are minimized; however it is possible
that discrepancies exist due to contributing analysts never sending Thomson Reuters the data originally, or that it
was sent incorrectly. As a general rule, corrections are only made, if the contributing analyst can support the
value through published research. This policy has been in effect for the treatment of both recent and older
history - regardless of whether or not the company reported.

As-Was Summary History

In addition to the traditional ‘error-corrected’ history offering, Thomson Reuters has recently made a new historical
summary-level dataset available, which is unaltered in any way. The As-Was historical daily mean estimates dataset
provides daily mean values as they appeared on a particular day; regardless if the underlying detail estimates have since
been corrected or not.

Daily Historical Mean is a collection of detail estimates from analysts calculated on a daily basis. The mean is the
average of the detail estimates as reported by the analyst at that particular point in time, without making any revisions or
corrections to the data once it's published. Quantitative researchers utilize “as was” data to analyze the market impact on
the actual day the official record was released. Subscribers of this data set will have the ability to view over 20 financial
measures, including 5 types of per share data for US and International companies.

e This powerful data set is extremely important to quantitative portfolio managers wishing to see historic data free
from modifications due to error corrections.

o As-was history enables clients to see a true snapshot of the exact information available to the market at a given
point in time - to see the effect that the company’s estimates had on market events.

*Note that Thomson Reuters presently only offers summary-level daily as-was history. As-was detail-level estimates history will be a future
enhancement to this offering.

Differences between ‘Error-Corrected’ and ‘As-Was’ History

There are certain circumstances when Thomson Reuters needs to adjust or correct a historical detail estimate that has
been stored in the database. This happens when brokers go back to Thomson Reuters to correct a previously provided
estimate, or when an estimate was missed from an update. In these cases, Thomson Reuters will change the detailed
estimate which may or may not cause the mean to change. If the mean changes, it is no longer an “as-was” figure.
Instead, the mean becomes “error-corrected” because it is recalculated based on a corrected detail.

Example:

Company ABC has 10 estimates from 10 different brokers. As of 11-01-2006, the mean for the 12-06 quarter is $2.15.
One of the brokers covering Company ABC is Broker XYZ who provided Thomson Reuters with an estimate of $2.20 for
the same time period.

On November 30, 2006, Broker XYZ told Thomson Reuters that their $2.20 should have been $2.26. Broker XYZ
provides documented proof that the estimate that was sent to Thomson Reuters via a feed was incorrect, and that their
research reports support that the estimate is actually $2.26. Thomson Reuters will apply the correct value to the detalil
estimate for the applicable quarter, on the date that the estimate was effective. Because of the change, the mean will
change to $2.17. In this scenario, the “as-was” mean is $2.15 and the “error-corrected” mean is $2.17.
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In summary, all traditional estimates history products offer ‘error-corrected’ history in which any time an incorrect value is
found, it is then corrected — on either a summary or detail estimate level. Thomson Reuters new ‘as-was’ history offers
historical mean estimates, free of any modification, and shows any given mean estimate value as it appeared in that
particular day.

History is also available for Normalized Summary & Detail History (Currency) and is detailed in the Currency section above.

INDUSTRY CLASSIFICATIONS SOURCE / SCHEMA

The sector/industry classification schema for I/B/E/S and Thomson ONE products presently are based upon:

¢ For U.S. companies follow the S&P scale for sector/industries/groups
¢ Forinternational companies the MSCI schema is used.

Future products will adopt the new proprietary Thomson Reuters Business Classification schema.

KEY PERFORMANCE INDICATORS

Thomson Reuters offers Key Performance Indicators (KPIs) to quickly identify and retrieve analyst forecast information on
key drivers within the retail, restaurant and pharmaceutical industries. These key performance indicators are industry-
specific measures that facilitate comparisons among similar peer groups. Consensus and detail forecasts are available
for Same Store Sales and Pharmaceutical Sales, including business segment and product breakdowns, enabling efficient
comparisons between analysts’ expectations on these indicators and your own.

Thomson Reuters collects and displays forecasted and reported industry-specific Key Performance Indicators on
products including Thomson ONE Analytics and Thomson ONE Investment Management (under Security -> Estimates ->
Detail — Single Period). Estimates data is available on both a detail analyst as well as summary mean level.

Thomson Reuters also offers a Key Performance Indicators (KPI) datafeed collection of current detail and summary level
estimates as well as actuals information.

See “Glossary of Estimates Data Measures” section under “Product-Level Measures” for all KPIs collected.

MULTI LISTED SECURITIES

Companies may enlist to trade on multiple exchanges or may have more than one share type trade on a common
exchange. The Thomson Reuters estimates database will store forecast information for all listings covered by analysts.
The primary listing is referred to as an “S” type Security (Instrument Type: S). This type of security’s I/B/E/S ticker will
usually reflect the ticker used for trading on the local exchange, such as MSFT for Microsoft Corporation based in the US
and traded on the NASDAQ exchange. It is usually the most liquid share class with the highest trading volume.

In addition to the primary listing, companies may also have other listings including:
e Multiple Shares (Instrument Type M)

Multiple Listings/Inter-listed Securities (Canada Only) (Instrument Type D)

American Depository Receipts - ADR’s (Instrument Type A)

Combination of all Security Types

Dual Listed Companies

Multiple Share Classes (Instrument Type M)

Please note: Presently, multiple share listings - indicated by Instrument Type M and having I/B/E/S Tickers with a
slash “/” - are not displayed on Thomson Reuters platforms nor included in datafeeds such as I/B/E/S QFS &
History.
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Multiple share classes of a company occur when more than one share class is traded for that company on the same
exchange within the same country. The additional shares are referred to as multiple shares of the same equity.
Multiple shares for companies are usually issued because:

o Different levels of voting rights are attached to each share class

e There is a restriction within the market on foreign ownership and a secondary class is created for foreigners

e The company wishes to increase the liquidity of its shares by adding share classes with small nominations

o Otherreasons as determined by the company

A multiple share of a company is added to the estimates database as a Multi Share listing (I/B/E/S Type: M). This type of
security’s I/B/E/S ticker will always be the I/B/E/S ticker of the S type listing, with a slash “/” and a numeric digit suffix. For
example, if the ticker for the S type listing of a company is @ALZ, the ticker for the M type listing will be @ALZ/1. If the
numeric digit is greater than 9, then a letter is used in place of a numeric, for example: @ALZ/A.

0| [ame b . b A I
Royal Dutch Shell @RDN NETHERLANDS |[Euronext Amsterdam
Royal Dutch Shell RDSB.NL @RDN/1 M NETHERLANDS |Euronext Amsterdam

G

Royal Dutch Shell plc has two classes of shares, "A" and "B" shares. "A" shares and "B" shares have identical rights
except in relation to the source of dividend income where "A" shares have a Dutch source and "B" shares are intended to
have a UK source.

Source: www.unification.shell.com

e Unique tickers are created in the database for each share class — the primary share as type S and the additional
share classes as type M (with a slash “/” in the ticker).

o All estimates forecasts (with the exception of price targets, DPS, and recommendations) are stored and displayed
under the type S listing regardless of the listing sent by the contributor. Minority data are stored under the share
class for which it was received and then copied over to the primary listing with the exception of Price targets,
DPS, and recommendations.

Multi-listed Securities/Inter-listed Securities/Dual Listed Securities {Instrument Type D)

A multi-listed/inter-listed security has the same class of shares listed on two different exchanges. Multi-listed securities
are an additional listing of any security of the company, but are typically related to the primary listing. In this case, the
company’s shares are listed on more than one stock exchange in two different geographic locations. Inter-listed securities
are those listed on both Toronto Stock Exchange (TSX) and a US exchange, including the NASDAQ, AMEX or NYSE.
Each inter-listed security has one CUSIP, is fungible, and can therefore be traded and cleared in either Canada or the
us.

A multi-listed/inter-listed security is added to the database as a D Type security under the same issuer name as the
primary S type listing. The primary ticker is setup as an S type security and the secondary listing as a D type security.

Example:

Company Name || Market:Symbol [Ficker  [Fype, Exchange Share Class,
Royal Dutch Shell RDSA.NL NETHERLANDS Euronext Amsterdam |A Shares

Royal Dutch Shell RDSA.GB UNITED KINGDOM  |London Stock A Shares
Exchange

[VBIETS!
Gompany: Name | Market:Symbol_|Ticker
Barrick Gold RDSA.NL
Barrick Gold RDSA.GB

NETHERLANDS |Euronext Amsterdam
UNITED KINGDOM |London Stock Exchange

company: Nage || MarketSymbol
Barrick Gold
Barrick Gold ABX.CN
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o Unique tickers are created for each listing -- the listing on the local exchange as type S and the multi-listed/inter-
listed as type D.

e Estimates are stored and displayed under the listing provided by the contributing broker.

e Thomson Reuters platforms display both types of securities and feed files include data on both types of
securities.

A dual-listed security is a Canadian company that trades on both the US and Canadian stock exchanges. In order to
increase granularity of its data, Thomson Reuters uses the following method to capture estimate, recommendation and
price target data for Canadian dual-listed companies.

e Thomson Reuters adds a secondary instrument or ticker for Canadian dual-listed companies when estimate data
is received for both listings. In order to link the tickers, there are two types of securities: The primary security is
denoted as type ‘S’ and the dual-listed security is denoted as type ‘D’.

e Duplicate identifiers (CUSIPS) exist since Canadian companies that trade both in Canada and the US share the
same CUSIP, but carry a separate SEDOL for each exchange on which they trade. A CUSIP is a number
identifying all stocks and registered bonds — Committee on Uniform Securities /dentification Procedures. A
SEDOL is a code which identifies a foreign stock that has a CUSIP number but does not trade in the U.S. — Stock
Exchange Daily Official List.

o Thomson Reuters implements this process in a two-step approach in order to accommodate clients who currently
use CUSIP as the identifier to load data. A second dual listed instrument is added and data is captured as
received from contributing analysts. An artificial CUSIP is attached, which is the first seven digits of the primary
listing and “X” as the last digit eg. 3748593X. The unique SEDOL for each listing is captured in the database in
order to maintain correct pricing information.

e The second step requires that data file products be amended in order to adequately support duplicate CUSIPS.
Once implemented, Thomson Reuters will continue to maintain the dual listed instruments by properly capturing
data and attaching the correct CUSIP for both instruments. The correct digit will replace the artificial “X” once the
long-term approach is implemented. At least three months notification will be provided to clients preceding any
changes to the ID files.

e Thomson Reuters publishes estimates on whichever security a contributor provides estimates. If an analyst
supplies forecasts under both securities then estimates/coverage will be made viewable on both securities. If the
analyst supplies forecasts for one security, estimates will be displayed under that particular security and no other.

o Target Price will be the basis for determining which security is covered. For example, if an analyst sends their
Target Price under the CAD listing yet supplies US estimates, Thomson Reuters will display coverage under the
CAD security. Analyst’s have the ability to cover both listings as long as both target prices are supplied. The
currency of estimates will have no determining factor on which listing an analyst covers. Dual-listed securities
are shown in the exchange opposite of the primary security. For example, if the primary security is listed on the
Canadian Exchange, the newly created security would be listed under the US Exchange.

Example of Dual-Listed Company:

Canadian National Railway

Local Tickers: U.S. - CNI
Canada - CNR

I/B/E/S Tickers: U.S.-CNI
Canada — CN2

Thomson Reuters uses this policy on dual-listed companies due to the request of analysts. Analysts wish to show
coverage with specific security. These methods allow analysts to forecast price targets for one or both securities. Having
two separate securities increase granularity of data and allow for correct pricing information. It also allows for proper
analyst ranking for each security.

American Depository Receipts — ADR’s (I/B/E/S Type A)

American Depository Receipts are listings for a foreign traded company on an American exchange. An ADR is a
negotiable certificate issued by a U.S. bank representing a specified number of shares (or one share) in a foreign stock
that is traded on a U.S. exchange. ADR’s are denominated in U.S. dollars, with the underlying security held by a U.S
financial institution overseas, and help to reduce administration and duty costs on each transaction that would otherwise
be levied. ADR’s make it easier for Americans to invest in foreign companies, due to the widespread availability of dollar-
denominated price information, lower transaction costs, and timely dividend distributions.
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ADR’s are treated the same as US companies. If an ADR is covered by one of the Thomson Reuters contributing
analysts, estimates are collected as well as actuals, and mean data is created based off the number of analysts included
in the mean calculation. ADR’s are grouped, however, with US companies, and not by the countries of their local
security.

An ADR security is added to the I/B/E/S database as an A type security under the same issuer name as the primary S
type listing. The primary ticker is setup as a type S and the secondary listing as a type A security.

Example:

iICompany: Name Warket:Symbol [Ticker LF;’_, xchange Country: |[Exchange: Share €lass ‘
Royal Dutch Shell RDSA.NL NETHERLANDS Euronext Amsterdam |A Shares

Royal Dutch Shell RDS/A.US USA NYSE A Shares

e Unique I/B/ES tickers are created for each listing - the listing on the local exchange as type S and the ADR as
type A.

e Estimates are stored and displayed under the listing provided by the contributing broker.
o All platforms display both types of securities and feed files include data on both types of securities.

Combination of All Security Types

Some companies have a combination of different listing types including dual listings, multiple share classes and ADR's,
as is the case for Royal Dutch Shell PLC.

Example:

iCompany: Nanie Market;Symbol [Tickers |Fype |Exchange Country; hare:

Royal Dutch Shell RDSA. NL @RDN S NETHERLANDS Euronext Amsterdam |A Shares

Royal Dutch Shell RDSB.NL @RDN/1 M NETHERLANDS Euronext Amsterdam [B Shares

Royal Dutch Shell RDSA.GB @SHE D UNITED KINGDOM  |London Stock A Shares
Exchange

Royal Dutch Shell RDSB.GB @SHE/1 M UNITED KINGDOM  |London Stock B Shares
Exchange

Royal Dutch Shell RDS/A.US RD A USA NYSE A Shares

Royal Dutch Shell RDS/B.US RD/1 M USA NYSE B Shares

Thomson Reuters publishes estimates on whichever security a contributor provides estimates. If an analyst supplies
forecasts under both securities then estimates/coverage will be made viewable on both securities. If the analyst supplies
forecasts for one security, estimates will be displayed under that particular security and no other.

e Target Price will be the basis for determining which security is covered. For example, if an analyst sends their
Target Price under the CAD listing yet supplies US estimates, Thomson Reuters will display coverage under the
CAD security. Analyst’s have the ability to cover both listings as long as both target prices are supplied. The
currency of estimates will have no determining factor on which listing an analyst covers. Dual-listed securities
are shown in the exchange opposite of the primary security. For example, if the primary security is listed on the
Canadian Exchange, the newly created security would be listed under the US Exchange.

PARENT / CONSOLIDATED INDICATOR

Indicates whether the estimates of a company are carried (by Thomson Reuters) on a parent or consolidated basis. The
way a company appears on the database is based on the majority of the earnings estimates received. Contributors are
free to provide either parent or consolidated estimates for any given company. Using sales estimates as an example,
consolidated sales estimates would be under SAL, whereas sales for parent company would be under SALPAR. The
primary basis (either P or C) is determined by whichever is the majority basis.
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Consolidated Companies

Companies are classified as consolidated when the earnings of the investee companies where the parent holds a 20%
voting stake or more are combined with the earnings of the parent company, after elimination of inter-company
transactions.

Parent Companies

Companies are classified as parent when only the earnings of the reporting entity, including dividends, interest, royalties,
etc. received from its investee companies, are presented as net income.

Companies Without Subsidiaries

Companies without subsidiaries are classified as consolidated by default since a great majority of the markets adhere to
the consolidated basis.

Consolidated / Parent Companies

If companies are carried in two-basis (Consolidated and Parent) and use a different calculation, a review and shifting of
the affected measures are necessary to ensure that the majority and minority of broker submissions are stored in the right
primary measures (Primary Parent/ Primary Consolidated) and secondary measures (Secondary Parent/ Secondary
Consolidated). Switching the primary basis from secondary and vice versa is imperative when there is a significant drop
or increase in either broker submission.

Shifting Company Indicators

The reason for the need to shift is that there are two main data products that are dependent on current collection:

e History- The detail history product only includes primary basis. Due to constraints it is imperative that the primary
basis includes the majority of contribution.

o Global Aggregates- This product also offers history. If EPS history for primary basis is deleted/ removed/
relabeled calculations that includes these companies will be affected.

The switch from consolidated primary to parent primary or vice versa should be based on two main factors:

e Change in reporting standards/ actual availability - Availability of actual data for the basis identified as primary.
When company does not have subsidiaries and no earnings to consolidate.
e Change in broker submission- when there is a shift in majority of basis brokers is sending their data.

When a significant number of brokers are shifted to a different basis, the primary measure is shifted to the basis where
the majority of the brokers are sending. The basis where the minority of the brokers are sending will be the new
secondary measure. All measures for the same basis will be shifted all together.

When equal contribution is submitted for both bases, the deciding factor should be the availability of the actuals for that
company/market based on proposed/ reviewed and approved by the accounting board.

When equal contributions are submitted for both bases and there is an actuals available for both bases as well, the
company basis should remain as of the day of the review. When companies have minimal (1 or 2 contributor in the P/C
status) difference in contribution and majority have shifted to a different basis, the current measures remain until a
significant number of contributors have shifted. Significant number is considered as 60% if company has fewer than 8
estimates & 40% if it is has 9 estimates up.

PERIODICITY

Periodicity is the frequency for which a company reports their full financial results. A company will have either a quarterly
(QTR) periodicity, a semi annual (SAN) periodicity, or an annual (ANN) periodicity once it is established with the database
and data is collected.

Quarteriy (QTR) periodicity is used when:
o Company reports full financial results quarterly;
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o Company reports full financial results semi annually, and contributors are making quarterly EPS or FFO
estimates; and;
e Company reports full financial results annually and there are no contributors making interim estimates.

Semi-Annual (SAN) periodicity is used when:

e Company reports full financial results semi annually, and contributors are not making quarterly EPS or FFO
estimates. There are cases where contributors will supply quarterly sales estimates for companies that only
report full financials semi annually. These sales estimates should not be used to determine the periodicity since
it is not a shifting measure; and

e Company reports full financial results semi annually, and there are no contributors making interim estimates.

Annual (ANN) periodicity is used when:

Company reports full financial results every 12 months, and a period year consists of one annual.

A company’s periodicity should be set to the most frequent time interval based on one of the following:
The company report; or

EPS or FFO estimates periodicity supplied by contributors

® 2 o0 o

Please note that quarterly periodicity is the most frequent interval used as the default periodicity when setting up new companies.

PRELIMINARY ESTIMATES

When Thomson Reuters receives a contributor’s estimate, it goes through an extensive and thorough verification process
prior to delivery to all estimates products to ensure accuracy and consistency. This value-added quality control process
ensures estimates are of the highest quality and estimates are delivered to products in the quickest time possible,
however there are times where this added level of process may affect the timeliness of estimates.

As a solution for the most time-sensitive clients, Preliminary Estimates are available which combine real-time estimate
availability, with an automated quality screening process. A Preliminary Estimate bypasses the manual portion of
Thomson Reuters value-added quality control checks and verification tests — and is only subjected to limited automated
verification tests. This data is then available in true real-time, enabling clients to view a contributor’s updated forecasts
prior to the Thomson Reuters full verification, filtering and footnoting process. The majority of Preliminary Estimates will
be followed by a ‘fully-verified’ estimate, which are subjected to all of Thomson Reuters quality control checks.

e Preliminary Estimates enable true real-time delivery to clients.

e Preliminary Estimates are useful to any customers making investment decisions based on estimate revisions and
related time sensitive activity.

e Preliminary estimates are currently being offered via the First Call Datalink feed, as well as Thomson ONE
Analytics and Thomson ONE Investment Management platforms.

e First Call Datalink offers Preliminary Estimates for the following data measures: EPS, Sales, Cash Flow per
Share, Recommendations and Price Target.

e Thomson ONE Analytics and Thomson ONE Investment Management offer Preliminary Estimates for all 26 data
measures.

Please note that Preliminary Estimates are available in real-time after fielded receipt of estimate values from analysts (either once automated
feeds/files are received from brokers, or once Thomson Reuters Market Specialists exiract estimate values from PDF research documents.

PRICE FORECASTS

In addition to publically traded companies, Thomson Reuters also collects forecasts on the price levels of commodities,
as well as both bottom-up and top-down price forecasts on select indices.

Commodity Price Forecasts

Commodities are something that are relatively easily traded, that can be physically delivered, and that can be stored for a
reasonable period of time. A common characteristic of commodities is that their prices are determined on the basis of an
active market. Examples of commodities include metals, minerals, and energy sources such as crude oil, natural gas,
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aluminum, gold, diamonds, or silver. Sales and purchases of commodities are usually carried out under future contracts
on exchanges, which standardize both the quantity and minimum quality of the commodity being traded.

Commodity price forecasts are collected by Thomson Reuters if available from contributing analysts. Unique I/B/E/S
tickers are created for each commodity with sell-side analyst estimates coverage and are set up as a Type “O” Instrument
type. For a complete listing of all available commodity price forecasts, please reference the document “Thomson Reuters
Top-Down Index & Commodity Price Forecasts”.

Actuals

Commodity price actuals are entered within 15 days of the end of the period by using the calculated average price of the
preceding three (3) months period. Please note that this method is also used by the contributing analysts, who take the
average closing price of the quarter to determine actuals, not the closing price at the end of the quarter.

Estimates

Commodity price forecasts are based off spot prices and are entered using the same majority basis policy as estimates
on companies. These estimates are sourced from the same sell-side analysts covering companies and related
industries.

Index Price Forecasts

Thomson Reuters collects and calculates price forecasts for a handful of US stock indices, most notably including the
S&P500 and Dow Jones Industrial Average (DJIA). Unique I/B/E/S tickers are created for each index with sell-side
analyst estimates coverage and are set up as a Type “I” Instrument type. For a complete listing of all available index
price forecasts, please reference the document “Thomson Reuters Top-Down Index & Commodity Price Forecasts’.

Two types of index price forecasts are available on Thomson Reuters; top-down, which are an average of market
strategists’ forecasts, and bottom-up, which are aggregations of all analyst mean forecasts for each individual company in
an index.

Top-Down Estimates

Index price forecasts are based off index prices and are entered using the same majority basis policy as estimates on
individual companies. These detail estimates are sourced from sell side industry analysts, as well as market strategists
who forecast based upon macroeconomic conditions, rather than individual company performance. All of these individual
estimates are then averaged to create a mean (consensus) top down forecast.

Bottom-Up Estimates

In addition to Thomson Reuters collecting top-down forecasts from sell-side contributors, bottom-up forecasts are
calculated as well. These forecasts are sourced from aggregating all of the individual mean estimates for each individual
company in an index, and then weighted by market cap. The explicit bottom-up index forecasts calculation used by
Thomson Reuters is as follows:

Avg_eps = spi * total_cons_shares / total_price_shares

Where:

Avg_eps = bottom-up index estimate displayed on products

spi = price index value

total_cons_shares = consensus eps * shares of each company of the Index
total_price_share = price * shares of each company of the index

Actuals

The current policy for updating actuals for index estimates is to enter the bottom up calculated figure two quarters after
the end of the period. Bottom-up estimates and actuals are calculated on a calendarized basis, in order to account for
different fiscal year ends for companies and allow for comparison of companies regardless of fiscal period. The calendar
quarter end is taken along with the month before and the month after to create a quarter number that allows companies
with different fiscal periods to be compared against each other.
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Actuals Entry Schedule:

[Quarter [ Petiod Ending | Efter Actual Value.on
Q1 March 31 July 1
Q2 June 30 October 1
Q3 September 30 January 1
Q4 December 31 April 1

Calendarization Methodology:
[Quarter [ [Period Ending
Q1 February, March, April

Q2 May, June July
Q3 August, September, October
Q4 November, December, January (of next calendar year)

PRIORITIZATION

Estimates and recommendations are researched and reviewed by Thomson Reuters Market Specialists to insure
accuracy — prior to becoming available on products. Every revision is subject to a stringent quality control process — both
before and after the data is available on products. If the accuracy or accounting basis cannot be verified by the data
source alone, Thomson Reuters Market Specialists will further research the affected estimates/recommendations, by
contacting the contributing analysts directly for clarification. It is however Thomson Reuters goal to deliver accurate and
reliable estimate revisions as timely as possible.

During peak times such as earning seasons, the added revision volume can sometimes cause slight delays. Thomson
Reuters uses a rolling 'priority scheme' which gives higher priority to market movers, index constituents, higher market
cap companies, companies in the news/reporting etc. — to ensure that estimate revisions for these types of companies
are the first to be updated.

All of the following would be considered as higher priorities when updating estimates; surprising earnings news, pre-
announcements, reported earnings, S&P companies, market capitalization, major merger announcements/ completions
and post-market prior day events (e.g., companies in the news to which the market has yet to react). Index Constituents
tend to be considered market movers and therefore given priority over lesser-followed companies. For that reason, the
mechanism is in place to highlight an index as a priority grouping.

Please note that Preliminary Estimates are available in real-time after fielded receipt of estimate values from analysts — prior to the manual
verification process. See Preliminary Estimates section for more details.

REASONS FOR CONTACT WITH CONTRIBUTING ANALYSTS

All phone calls between Thomson Reuters Market Specialists and Contributors/IR Representatives are logged in a phone
call database.

Cases that would typically trigger Thomson Reuters to contact a contributor include but are not limited to:

o Quarterly estimates within the published research document do not add to the annual provided (indicating use of
non-majority prior period actual).

e Quarterly or annual estimates received from a contributor (either via research or feed) which fail quality control
tests and validations for accuracy, such as standard deviations, decimalization errors, etc.

e An accounting basis issue is identified within a contributor’'s estimate or reported actual — contributor contacted
and communicated what the ‘majority’ basis is using.

e A company issues guidance, and the contributor either does not update/confirm their estimate or it is outside of
the guidance range.

e An estimate fails the Thomson Reuters Freshness Policy and a contributor is contacted to confirm/revise their
estimates.

e A company announces a merger/acquisition/spinoff — a contributor is contacted for their post-event estimate.
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o A contributor’s estimates are not updated after a company reports their quarterly/annual results.

e Pre-split estimates are provided in research, after a company has gone through a stock dividend or split of their
stock.

e A company goes through a FYE change and the contributor sends numbers on the old FYE.

RECOMMENDATIONS

Recommendation Mapping: Thomson Reuters I/B/E/S 1-5 Scale

The Thomson Reuters I/B/E/S recommendation scale is as follows:

1 - Strong Buy

2 — Buy
3 - Hold
4 — Underperform
5-Sell

Each contributor determines how their individual recommendation scale maps to the Thomson Reuters I/B/E/S 5-point
scale. Every firm, no matter if they have a 3-point scale or a dual-tiered system, must map their scale to the normalized
1-5 scale utilized by Thomson Reuters. The only stipulation being that the mapping requested must allow for negative to
negative ratings, positive to positive ratings and neutral to neutral ratings when mapping to Thomson Reuters I/B/E/S 1-5
scale. A contributor using a 3-point scale of BUY, HOLD, SELL would not be allowed to have a mapping of 1,2,3 on the
1-5 Thomson Reuters Scale. Contributors are made aware that the 1-5 value will be calculated to create a mean and
displayed across Thomson Reuters products.

Please note that while contributors may have elaborate muiti-tier recommendation scales, including both company and industry/sector
ratings, all points in their scale must map back to the standardized Thomson Reuters I/B/E/S scale is 1-5. In cases of broker scales being
greater than 5 points, multiple points in a broker’s scale may map back to a single point in the Thomson Reuters I/B/E/S scale.

Recommendation Mapping: Impact on Products

Clients viewing the Recommendations data measure, depending upon the product, can view analyst
recommendations in multiple versions:

e Contributor Text format — the actual text provided by the contributor
e Normalized Text format — the corresponding text on Thomson Reuters normalized scale
o Normalized Code format — the corresponding code on Thomson Reuters normalized scale

Contributor Text format is the exact recommendation language used by that specific contributing firm. Normalized Text
and Code make the Contributor Text more consistent, by mapping the Contributor Text to Thomson Reuters standard 1-5
recommendation scale. It is the Normalized Codes which are used to calculate the Thomson Reuters Mean
Recommendation.

Recommendation Scale Changes

If a contributor changes their recommendation scale, stops must be applied to the database to prevent false revisions,
followed directly by new recommendations applied on the same day. \When recommendation scale changes occur,
Thomson Reuters Market Specialists work closely with the contributor to outline the implications, and make decisions on
how the change should be represented, based on the guidelines Thomson Reuters uses in mapping contributor scales to
the normalized scale.

Note: Recommendation scale change requests received from contributors will be processed on a go-forward basis
Recommendation Drops

If a contributor drops coverage of a company, a stop is applied to the recommendation field. Additionally, if a contributor
is “restricted” on the stock or has suspended their recommendation, a stop would be applied to the recommendation field.
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RESTATEMENT POLICY (ACTUALS)

Thomson Reuters actuals restatement policy addresses the needs of two distinct sets of end users: those who prefer the
actual data as it was initially reported and those who wish to view the company as it is constituted today.

o Thomson Reuters can restate actuals for any available measures; however the ones most commonly restated
are EPS, Sales and FFO.

e Thomson Reuters will restate the quarterly figures for the current fiscal year, as well as the prior year’s actuals
data to provide comparability. Thomson Reuters will not restate actual data for more than one year back.

e All other actuals data will be left as originally entered, to allow historical examination.

o In all cases, footnotes will be entered to explain the basis of the modified figures.

e Once arestatement has taken place, any existing estimates or new estimate submissions must use the restated
actual data: this ensures a proper apples-to-apples comparison among contributing analysts. If a contributor is
not using the restated figure, a Thomson Reuters Market Specialist will contact the analyst to adjust to the
restated basis, or will have their estimates footnoted and excluded from the mean for the fiscal year in question.

Examples of events that would require restatement include:

e Changes in the accounting basis
o Classification of certain operations as discontinued
e Sales and acquisitions of business lines

Example of company with restated actuals:
Integrated Circuit Systems (ticker ICST)
Restated EPS Actual: Q105 =0.24R

Accompanying Footnote: 11-Nov-04 SEP04Q Restated from 0.23 upward for accounting change

*Thomson Reuters will only restate actuals after a company has officially made the restatement, and can be documented via a press release,
or by confirmation of all the contributing analysts.

SHARE CLASS

Default share class is determined by the majority of estimates submitted. Policies differ slightly for the US and
International companies.

u.s.

1. Determined by majority of coverage.
2. Ifthere is not a majority of coverage, then defer to liquidity.
3. If liquidity is comparable then defer to the share class with the most voting rights.

International

1. Determined by majority of coverage.
2. Ifthere is not a majority of coverage, then defer to the share class with voting rights.

*Only recommendations and target prices are affected by share class; all other estimates are generally available under the primary share
class.

Shares Outstanding Data

Number of Shares Outstanding (NOSH)

Current number of shares outstanding (NOSH) data is provided as a supplemental data item in I/B/E/S datafeeds as well
as on Thomson ONE (Security->Overview->Snapshot). This data provided is based on the NOSH for the specific
security (SEDOL-specific), and not on the consolidated/company level.
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Shares Outstanding Used in Per-Share Estimates
The shares outstanding data, for per-share data measures, which is utilized in individual analyst’'s detail estimates, and
subsequently the summary level mean data, are all consolidated/company-specific data (it is not share class specific, like
the NOSH data displayed on products is).
e The above is only for per-share measures. Exclusions would be Dividend Per Share and Price Targets, which
would be based upon NOSH for the particular share class.

Example
To illustrate, here is an example using Viacom:
¢ NOSH data would display 549.503m for VIAB, and VIAB/1 has 57.364m number of shares outstanding; each
security showing security-specific shares outstanding.
o Analyst research reports, and subsequently estimates data, would show 607m number of shares outstanding;
showing consolidated/company level shares outstanding.

STOP, FILTER AND DELETION SCENARIOS

Stop - Resulis in a contributing analyst’s estimates no ionger being displayed on products.

e The contributing analyst has dropped coverage.

e The contributing analyst is “restricted” on the stock.

e Estimate/recommendation has not been updated (confirmed or revised) for 180 days or more.

¢ Recommendation / Target Price under review

Filter - Contributing analyst’s estimates are still displayed on products but are footnoted and excluded from the
mean calculation.

Estimate is on a different accounting basis than the majority of contributing analysts.
Estimate has not been confirmed or revised at the issuance of a company’s earnings guidance and it is either
outside of the guidance range or >5% of a single-point guidance value; applying only to the specific measure and
period issued.

e Estimate is not on the majority basis pertaining to a corporate action or the estimate has not been updated to
reflect a corporate action after the effective date.

e Quarterly estimates revised without a corresponding adjustment to the annual estimate (all other period estimates
for the same year are filtered).

o Annual estimate revised without a corresponding adjustment to the quarterly estimates (all quarterly estimates for
the same year are filtered).

¢ A Thomson Reuters Market Specialist has requested data verification and no response was received for more
than 48 hours.

e Estimate is under review by the contributing analyst.

o Estimate has not been updated (confirmed or revised) for 105 days or more.

e After an actual is reported, an estimate is excluded from the mean if it is not or confirmed within 10 business days
of a prior-period reported actual.

e Estimate is updated for post-Rights Issue prior to the ex-date.

Deletion - Estimate is removed from the database and history. The previous estimate becomes the current
estimate.

o Incorrect estimate was entered into the database (only if verified by published research).

TAX RATES

A quarterly estimate is only considered to be on a different basis with respect to taxes if some analysts are taxing the
estimates and others are not. For example, if an analyst is not taxing their estimates and the other analyst is using a tax
rate of 30%, those two estimates are on a different basis and one of them needs to be excluded from the mean
calculation. On the other hand, if one analyst is using a tax rate of 20% and the other is using a tax rate of 33%, and
there are no other basis issues, those estimates are on the same basis and should both be included in the mean.
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This holds true for an annual estimate as long as the analyst is using the same tax rate for the actuals that we are using.
If the analyst is using a different tax rate for a reported period (different actual), then the annual estimate should be
filtered. Any future quarters should remain unfiltered if they do not violate the quarterly rule above.

TREATMENT OF SMALL ESTIMATES REVISIONS

Thomson Reuters accepts data from contributors to varying degrees of precision. Most contributors provide estimates to
2 or 3 decimal places. The following are scenarios under which small estimates revisions would be treated:

Second Decimal Place

e An estimate revision that is less than 0.01, which does not result in a new value after rounding to the second
decimal place, is treated as a confirmation of the existing estimate (i.e., it is not recorded in the Thomson
Reuters I/B/E/S collection database as a revision and is not fed to products as a revision).

¢ An estimate revision that is less than 0.01 which does resulf in a new value after rounding to the second decimal
place is treated as a revision and is fed to products as a revision.

Third Decimal Place (in effect since June 15, 2009)

e All estimates revisions that impact the third decimal place after rounding will now be recorded and fed to
products as a revision, for select currencies, in order to provide additional estimates granularity for markets that
are regularly impacted by very small revisions:

o Australian Dollar (AUD)

Japanese Yen (JPY)

Malaysian Ringgit (MYR)

New Zealand Dollar (NZD)

Singapore Dollar (SGD)

South African Rand (ZAR)

South Korean Won (KRW)

O O O O O O

Scenario 1: New estimate differs from the current estimate by less than 0.01, but does not impact the second
decimal place after rounding.

Example 1 — Not Impacting Second Decimal Place

Existing 0.241 05-May-2009 0.241 05-May-2009 | 05-May-2009 0.24 05-May-2009 05-May-2009

New 0.244 03-Jun-2009 0.241 05-May-2009 03-Jun-2009 0.24 05-May-2009 03-Jun-2009

In Example 1, the new estimate is treated as a confirmation on all products since the change does not impact the
second decimal place after rounding. No subsequent revision dates change, but confirmation date is updated.
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Example 2 — Impacting Third Decimal Place - Select Currencies

Existing 0.241 05-May-2009 0.241 05-May-2009 | 05-May-2009 0.24 05-May-2009 | 05-May-2009

New 0.244 03-Jun-2009 0.244 03-Jun-2009 03-Jun-2009 0.24 03-Jun-2009 03-Jun-2009

In Example 2, the new estimate is treated as a revision on products displaying 3 decimal places since it is for one of
the select currencies and it impacts the third decimal place after rounding. On products with 2 decimal places it
appears as the same value since the second decimal place is not impacted, however the revision and confirmation
dates are updated.

Scenario 2: new estimate differs from the current estimate by less than 0.01, but does impact the second decimal
place after rounding.

Example 3 — Impacting Second Decimal Place

Existing 0.244 05-May-2009 0.244 05-May-2009 | 05-May-2009 0.24 05-May-2009 05-May-2009

New 0.246 03-Jun-2009 0.246 03-Jun-2009 03-Jun-2009 0.25 03-Jun-2009 03-Jun-2009

In Example 3, the new estimate is treated as a revision on all products since it impacts the second decimal place
after rounding.

GLOSSARY OF ESTIMATES DATA MEASURES

Product-Level Measures

Measure Measure

Key Performance Indicator Description Relevant Industries Code Abbreviation
Pharmaceutical Sales Drug Manufacturers SAL PS
Same Store Sales Retailers, Restaurants, Lodging SSS SS

Pharmaceutical Sales
Pharmaceutical Sales represents the revenue associated with individual pharmaceutical drug unit products.

¢ Thomson Reuters collects reported company results and forecasted sales estimates on a quarterly and annual
basis for pharmaceutical companies globally.
¢ Estimates data available on both a detail analyst as well as summary mean level.
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o Thomson Reuters links these drugs on multiple levels depending on the business relationship, chemical
ingredients and purpose associated with each - allowing not only specific forecast data for each separate drug
but also aggregate sales of generic ingredients and instances where global revenues are shared as a joint
venture between companies.

Same Store Sales

Same Store Sales represents a percentage sales growth for retail stores and restaurants that have been open for more
than one year. Same Store Sales allows investors to decipher what portion of sales growth is due to true retail growth
and what portion is due to new store openings.

e Thomson Reuters collects reported company results and sales growth forecasts on a monthly, quarterly and
annual basis for North American companies.

o Estimates available on a store line as well as consolidated basis, where available.

e Estimates data available on both a detail analyst as well as summary mean level.

e Companies followed include discount retailers, department stores, specialty retailers, casual dining, quick serve
restaurants and more.

Company-Level Measures

DataMeasuie Description

Book Value Per Share BPSPAR SBPPAR
Capital Expenditure CPXPAR SPXPAR
Cash Flow Per Share CPSPAR SCPPAR
Dividend Per Share

Earnings Before Interest & Taxes (EBIT) EBI SBI EBIPAR SBIPAR
Earnings Before Interest, Taxes, Depreciation &

Amortization (EBITDA) EBT SBT EBTPAR SBTPAR
Earnings Per Share EPS SEP EPSPAR SEPPAR
Earnings per Share - Alternate EPX

Earnings per Share - Before Goodwill EBG SBG EBGPAR | SBGPAR
Earnings per Share - Cash CSH SCS CSHPAR | SCSPAR
Earnings per Share - Fully Reported / GAAP GPS SGP GPSPAR | SGPPAR
EBITDA Per Share EBS SEB EBSPAR SEBPAR
Enterprise Value ENT SNT ENTPAR SNTPAR
Funds From Operations Per Share FFO SFO FFOPAR SFOPAR
Gross Profit Margin GRM SGM GRMPAR | SGMPAR
Long Term Growth Rate (%) LTG

Net Asset Value NAV SAV NAVPAR | SAVPAR
Net Debt NDT SND NDTPAR | SNDPAR
Net Income NET SNI NETPAR SNIPAR
Operating Profit OPR SOP OPRPAR | SOPPAR
Pre-tax Profit PRE SPR PREPAR [ SPRPAR
Price Target PTG

Recommendation REC

Return on Assets (%) ROA SOA ROAPAR | SOAPAR
Return on Equity (%) ROE SOE ROEPAR | SOEPAR
Revenue SAL SSA SALPAR SSAPAR

“While EPS, Revenue, Price Target and Recommendations are the most popular measures contributed, analysts are free to contribute forecasts for any
or all of the collected data metrics specified above. Thomson Reuters doesn’t require any minimums in terms of collected data measures, and is willing
to accept all metrics a broker provides.

*For companies followed on both a parent and consolidated basis (see the Parent/Consolidated Indicator section), both Primary and Secondary data
measures are available. The markets where two-basis measures are usually available include India, Japan, South Korea, Taiwan, and Thailand.
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Book Vaiue per Share (BPS)

A company's common stock equity as it appears on a balance sheet equal to total assets minus liabilities, preferred stock,
and intangible assets such as goodwill, divided by the weighted average number of total shares outstanding for the year.
This is how much the company would have left over in assets per share after all debts are paid, if it went out of business
immediately. Thomson Reuters provides both expected and actual BPS data (where available).

Capital Expenditure (CPX)

Funds used by a company to acquire or upgrade physical assets such as property, industrial buildings, or equipment or
the amount used during a particular period to acquire or improve long term assets such as property, plant, or equipment.
Thomson Reuters provides both expected and actual CPX data (where available).

Cash Flow per Share (CPS)

Cash Flow per Share is a corporation’s cash flow from operations, before investing and financing activities, divided by the
weighted average number of common shares outstanding for the year. Investing includes the sale or purchase of land,
factories, buildings etc.

e Financing includes dividend payments, loan proceeds and sale of stock. Thomson Reuters provides both
expected and actual CPS data (where available).

e Interest payments are an operating activity.

e Thomson Reuters CPS is a company’s Operating Cash Flow. The basic formula is Operating Cash flow less
maintenance capital = Distributable Cash flow per unit.

e CPS is generally calculated after-tax.

e Thomson Reuters does not have DCFPU (Distributable Cash Flow per Unit) as a measure. This is something to
consider as an industry specific measure as well as payout ratio. If the company does not provide operating cash
flow, Thomson Reuters will collect the DCFPU estimate and place it in the CPS filtered with "A" for accounting
difference.

Dividend per Share (DPS)

DPS are a corporation’s common stock dividends on an annualized basis, divided by the weighted average number of
common shares outstanding for the year. In the US dividend per share is calculated before withholding taxes (though for
some non-US companies DPS is calculated after withholding taxes). Thomson Reuters provides both expected and
actual DPS data (where available).

e Thomson Reuters DPS is equivalent to Cash Distribution (not the same as Distributable Cash Flow per Unit.)
e For DPS estimates a “0” is a valid estimate, indicating no expected dividend payment for a company. The
absence of any estimate or a “stopped” estimate indicates that a contributor does not have any DPS estimate.

Earnings per Share (EPS)

Valuation earnings per share, defined as the EPS that the contributing analyst considers to be that with which to value a
security. This figure may include or exclude certain items depending on the contributing analyst's specific model.
Estimates that are not on the majority basis for a given security are displayed on certain Thomson Reuters products but
filtered from the mean calculation. Thomson Reuters provides both expected and actual EPS data where available.

Earnings per Share - Alternate (EPX)

Alternate EPS is a corporation’s net income from continuing operations, divided by the weighted average number of
shares outstanding. This measure tracks the estimates of contributing analysts who wish to forecast EPS on the non-
majority basis. This alternate basis is not included in the mean calculation; it is filtered from the main EPS data measure.
This data measure therefore, will not have corresponding Summary-Level (mean), nor actuals data.

Earnings per Share - Before Goodwill (EBG)

EBG measures a company’s per share earnings before the amortization of goodwill. In some countries (France, for
example) goodwill is treated as a part of ordinary income for companies and the amortized component of goodwill is
added back to yield earnings before goodwill amortization. EBG is a corporation’s net income from continuing operations
before goodwill amortization divided by the weighted average number of shares outstanding. Thomson Reuters provides
both expected and actual EBG data (where available).

Copyright 10/2009 Thomson Reuters. THOMSON REUTERS

All rights reserved.

35



o Due to the implementation of International Financial Reporting Standards (IFRS) in various European countries,
goodwill will no longer be amortized but instead written off as an impairment charge and will be treated as an
exceptional item. This change eliminates the necessity for a separate EBG measure for companies residing in
those countries. In such markets, Thomson Reuters will only collect and display EPS and GPS (valuation EPS
and fully-reported EPS).

Earnings per Share - Cash (CSH)

Cash Earnings Per Share is a company’s net income, plus depreciation, amortization of goodwill, intangibles, and prepaid
assets (non-cash items); divided by weighted average number of shares outstanding. Thomson Reuters provides both
expected and actual CSH data (where available).

Earnings per Share — Fully Reported / GAAP (GPS)

Statutory or reported earnings per share, defined as net profit (on continuous activities) divided by the weighted average
number of shares outstanding during the period. Where a company carries exceptional items or goodwill amortization,
this measure is post-exceptional, post-goodwill. Thomson Reuters provides both expected and actual GPS data (where
available).

In North America this figure is referred to as GAAP Earnings per Share and is calculated according to Generally Accepted
Accounting Principles (GAAP), which is reported in SEC filings. The mean estimate for the GPS data measure will only
reflect the strict adaptation of GAAP basis estimates. Estimates from contributors on an adjusted GAAP basis will be
displayed but footnoted and filtered from the mean, even if the adjusted basis is the majority. A-type footnotes will
include as much information as possible regarding the difference in accounting basis from the strict GAAP basis. This
policy may result in the majority of estimates being filtered under GPS if the majority basis is an adjusted GAAP basis.

In countries that have adopted International Financial Reporting Standards (IFRS) this figure will include all items
according to IFRS rules.

EBIT / Earnings Before Interest & Taxes (EBI)

EBIT represents the earnings of a company before interest expense and income taxes paid. As such, EBIT is a gauge of
corporate earnings before any debt servicing to creditors (including bondholders) and the payment of corporate taxes. It
is calculated in general form by taking the pretax corporate income of a company, adding back interest expense on debt,
and subtracting any interest capitalized. ¥ Thomson Reuters provides both expected and actual EBIT data (where
available).

o Displayed in whole number terms (millions).
e In certain European and Asian markets, EBIT is calculated as total sales and subtracting total costs and
operating expenses. In these cases EBIT will be similar to Operating Profit.

EBITDA / Earnings Before Interest, Taxes, Depreciation & Amortization (EBT)

EBITDA gauges the raw earnings power of a company before debt servicing, corporate taxes, and any allowances made
for depreciation and amortization costs the company faces. It is calculated in general form by taking the pretax corporate
income of a company, adding back any depreciation and amortization costs charged, plus any interest expense on debt
(subtracting any capitalized interest). Thomson Reuters provides both expected and actual EBITDA data (where
available).

e Displayed in whole number terms (millions).

e In the United Kingdom, the general market standard is to include royalties as part of gross revenue, net of royalty
tax. This tax portion would be included as part of the royalties, and would therefore be deducted before EBITDA,
rather than as part of the income taxes lower down the income statement.

EBITDA per Share (EBS)

EBITDA per share represents EBITDA divided by the weighted average number of shares outstanding. Thomson Reuters
provides both expected and actual EBS data (where available).

Enterprise Value (ENT)
Enterprise Value is calculated as market capitalization plus debt, minority interest and preferred shares, minus total cash

and cash equivalents. Cash equivalents are defined as an item on the balance sheet that reports the value of a
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company's assets that can be converted into cash immediately. Examples of cash and equivalents are bank accounts,
marketable securities and Treasury bills. An Enterprise Value actual is calculated using the closing price at the end of the
fiscal period. Thomson Reuters provides both expected and actual ENT data (where available).

Funds from Operations per Share (FFO)

A measure used by real estate and other investment trusts to define the cash flow from trust operations. It is earnings
with depreciation and amortization added back. A similar term increasingly used is Funds Available for Distribution
(FAD), which is FFO less capital investments in trust property and the amortization of mortgages. Thomson Reuters
provides both expected and actual FFO data (where available).

Gross Margin (Gross Profit Margin) (GRM)

A company's total sales revenue minus cost of goods sold, divided by the total sales revenue, expressed as a
percentage. Thomson Reuters provides both expected and actual GRM data (where available).

Long Term Growth Rate (%) (LTG)

The long term growth rate represents an expected annual increase in operating earnings over the company’s next full
business cycle. These forecasts refer to a period of between three and five years, and are expressed as a percentage.

Long term growth rate forecasts are received directly from contributing analysts; they are not calculated by Thomson
Reuters. While different analysts apply different methodologies, the Long Term Growth Forecast generally represents an
expected annual increase in operating earnings over the company’s next full business cycle. In general, these forecasts
refer to a period of between three to five years. Due to the variance in methodologies for Long Term Growth calculations,
Thomson Reuters recommends (and uses as its default display) the median value for Long Term Growth Forecast as
opposed to the mean value. The median value (defined as the middle value in a defined set of values) is less affected by
outlier forecasts.

Net Asset Value (NAV)

Net Asset Value is the total book value of a company’s securities. It is calculated in general form by taking the total
assets of a company and subtracting the value of the company’s intangible assets (goodwill, patents, etc.) minus current
and long-term liabilities. NAV is helpful in determining under-priced equities by indicating the ultimate value of a
company’s securities in the event of their liquidation. Thomson Reuters provides both expected and actual NAV data
(where available).

e Displayed in whole number terms (millions).
o As NAV is not a measure companies generally report in filings or press releases, Thomson Reuters calculates
NAV actual data as total shareholders equity including minority share or total assets minus total liabilities.

Net Debt (NDT)

Net Debt is calculated as short and long term interest bearing debt minus cash (and equivalents). Thomson Reuters
provides both expected and actual NDT data (where available).

Please note the examples below:

Rule: If debt is greater than cash, the value collected will be a positive number in the database.
From the balance sheet.

Cash and Equivalents $175
Short and Long Term Debt $400
Net Debt = $400-175
NDT = $225

Rule: If debt is less than cash then the value collected will be a negative number in the database.
From the balance sheet.

Cash and Equivalents $300
Short and Long Term Debt $250
Net Debt = $250 - 300
NDT = ($50)
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Net income (NET)

Net income is defined as a corporation’s after-tax income. This item varies significantly from market to market as regards
the inclusion or exclusion of non-recurring items. In most markets, non-recurring items are backed out of net income and
this measure is restricted to income from continuing operations only (also referred to as normalized income). Some
markets (Japan, for example) apply reported net income, including any and all extraordinary items. Recent accounting
changes in still other markets (particularly Southeast Asia) have resulied in a reclassification of extraordinary versus
exceptional items, bringing many formerly extraneous items above the net income line. Thomson Reuters provides both
expected and actual NET data (where available).

Operating Profit (OPR)

Operating Profit is the difference between a company’s revenues and its costs and expenditures arising directly out of a
company’s regular operations. Operating Profit is calculated before any deductions in income owing to non-operating
activities (generally such items as interest expense, corporate tax payments, material gains or losses arising from
changes in accounting policy, and the like) and excludes any income derived from outside the firm’s regular activities.
Thomson Reuters provides both expected and actual OPR data (where available).

e Displayed in whole number terms (millions).
e In certain European and Asian markets, EBIT is calculated as total sales and subtracting total costs and
operating expenses. In these cases EBIT will be similar to Operating Profit.

Pre-Tax Profit (PRE)
Pre-tax profit is a company’s net income before tax expense. Where applicable, extraordinary items and non-recurring
charges are subtracted from net income. Thomson Reuters provides both expected and actual PRE data (where
available).

e In Japan, companies compliant with Japan Accounting Standards use Recurring Profit.
Price Target (PTG)
Price target is the projected price level forecasted by the analyst within a specific time horizon. Note that while detail-
level data can be collected for various time horizons, Thomson Reuters summary-level mean data is only calculated for
targets with 12-month time horizons.
Recommendation (REC)
The recommendation value reflects the contributing analyst’s rating for a particular company.
Return on Assets (ROA)
Return on Assets is a profitability ratio and as such gauges the return on investment of a company. Specifically, ROA
measures a company’s operating efficiency regardless of its financial structure (in particular, without regard to the degree
of leverage a company uses) and is calculated by dividing a company’s net income prior to financing costs by total
assets. Thomson Reuters provides both expected and actual ROA data (where available).

e Displayed as a percentage.

Return on Assets is calculated as follows:

Net |
ROA (Return on Assets) = et Income

AverageTotal Assets

Return on Equity (ROE)

Return on Equity is another profitability ratio, which gauges return on investment by measuring how effectually the
company is employing stockholder money. ROE is calculated by dividing a company’s net income by total equity of
common shares. Unlike ROA, ROE does consider the degree to which a company uses leveraging, as interest expense
paid to creditors is generally deducted from earnings to arrive at Net Income. Thomson Reuters provides both expected
and actual ROE data (where available).
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o Displayed as a percentage.

Return on Equity is calculated as follows:

Net Income
AverageTotalEquity

ROE(ReturnonTotal Equity) =

Revenue (Sales) (SAL)

The Revenue measure is a corporation’s net revenue, generally derived from core business activities. For non-financial
companies, the calculation of net revenue (or net turnover) in most markets generally involves subtracting transportation
and related operational costs from gross revenue/sales. Revenue recognition practices vary significantly from market to
market, though generally the recording of revenue is based upon sales invoices issued (or anticipated for forecast
purposes) during the accounting period.

For banks, revenue is generally defined as net interest income plus net non-interest income. Net interest income is
defined as interest income minus interest expenses. Net interest income components generally include net interest
earned on loans, reserve deposits and deposits with other banks, and net interest earned from inter-bank money market
operations (IMMO) and marketable securities. Net non-interest income components generally include net income from
fees and commissions, net gains from capital market and foreign exchange operations, and net income earned from
participations.

For insurance companies, revenue is generally defined as net technical income plus net financial income. Net technical
income is generally defined as technical income minus technical expenses. Technical income components generally
include income from premiums and commissions received, re-insurer's share of claims paid, transferred net technical
reserves, and re-insurer's share of technical reserves. Net financial income is generally defined as financial income
minus financial expenses. Net financial income components generally include net interest income, net dividend income,
and net foreign exchange gains. Thomson Reuters provides both expected and actual SAL data (where available).
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Expected Returns on Stocks and Bonds

Investors must moderate their expectations.
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WiNTER 2053

he equity-bond risk premium—the long-run
expected return advantage of stocks over gov-
ernment bonds—is one of the biggest ques-
tons in financial markets. The extent of the
premium is widely debated, bur it is reasonably clear
tnat it declined in the last quarter of the 20th cenuury, to
partly rebound in the first years of the 21st century.
Qur review provides a road map to the complex lit-
erature on the topic. We explain the key drivers of the
risk premium and varying assumptions abour them, Jet-
ting investors themselves assess the long-run prospects for
stocks versus bonds. Long-term government bond yields
are known, while prospective equity returns are inher-
enely less transparent and thus more open to question.
There is an ongeing shift in opinion abour expected
rerurns, Long-termi equity premiums have traditionally
been predicted from historical average asset performance
assuming a constant risk prenitum, but today they are
increasingly predicted svith the help of dividend dis-
count models, assuming tume-varying expected returns.
We first review the historical average returns of
major asset classes and explain why rthese are misleading
guides for the future. Essentially, the double-digit returns
of the 20th century were due to equities starting cheap
and getting richer over time. Many investors extrapolared
this past performance and expected (at least) as high
future returns. Investors thus missed, firse, the fact that a
part of realized returns was unexpected windfalls from ris-
ing equity valuation multiples, and, second, that when
starting from high valuation levels it is not reasonable to
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EXHIBIT 1

Road Map to Equity Risk Premiums—Alternative Means for Assessing Levels

absence of predictable valua-
tion changes (often a good
base case), feasible long-run

Historical Ex Post

Excess Returns Surveys

Ex Ante Models

cqurty return 1s the sum of
and Market Data qurty

Means of
Assessing the
Equity-Bond

Historical average is a
popular proxy for the
¢X ante premium

Investor and expert
surveys can provide
direct estimates of

dividend yield and a long-run
earnings growth rate.!

We stress the distinction
berween two types of expected

Current financial market
prices (simple valuation
ratios or DDM-based

returns—objectively feasible
long-run rewurns, and subjec-

Debated Issues reguired retums and
systematic selection
and other biases have
boosted valuations
over time, and have
exaggerated realized
€XCeSs equity returns
compared with ex
ante expected
premiums.

and guestions of survey
representativeness.

Surveys may tell rnore
about hoped-for
expected refums than
about objective required
premiums due to
irrational biases such as
exirapolation.

Risk Premium - but likely to be prevailing expected micasures) can give most
misleading. refurns/premiums. objective estimates of
feasible ex ante equity-bond
_ risk premiums.
Problems/ Time-vartation in Limited survey histories | Assumptions needed for

tive return expectagons—as well
as the balance between them.
Ohbjecrively high feasible returns
are bullish for cquities, while
excessive subjective  investor
expectations are bearish, because
high hopes niake future disap-
pointment more likely.

DDM inputs. notably the
trend camnings growth rate,
make even these models’
outputs subjective,

Range of views on this
growth rate {plus debales on
relevant stock and bond
yields) => range of premium
estimates,

Neither expected return
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can be directly observed, but
we attempt to estimate them
by analyzing historical returns,
investor surveys, and market
valuation indicators (see Exhibir
7). Surveys provide direct esti-
mates of changing return
expectations, but they may
reflect hoped-for returns as
much as required returns.?
As of the time of writing
in mid-2002, long-term bond
"2 yields are 4%-5%, and the

5%
0%
:
oA
.5!7’/° A PSS
g
10T S m o e — e e el
8 < o ] o (o] < o
: = q 2 < v @ =
c c c o £, o = | =4
o o [ 3] [ i+
— = - = - - - il

Sorces; Tbdotson Assodiates, Armott (private corespondence), Shifler seebsite, and Schrader Salomton Smith Barney.

DDM suggests feasible long-
run equity returns between 3%
| and 8% (depending on input
assumprions), There may still
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objective return prospects and
subjective expectations that we

expect as high returns as in the past,

The painful lessons of the recent bear market have
made investors more aware of forward-leoking expected
return measures; the starting price matters. Since market
yields give good proxies for the expected returns of long-
term bonds, the question of the ex ante equity-bond
premium boils down to the ex ante equity return. The

dividend discount model (DDM) shows that in the
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put berween 8% and 10%. The
gap has narrowed significantly
from the year 2000 when feasible returns were even lower

(due to higher valuation multiples), while subjective return
expectations were well into double-digits.?

PITFALLS OF BACKWARD-LOOKING RETURNS

The 20th century was the century of equities, Dim-
son, Marsh, and Staunton [2002] review the 1900-2000
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asset returns in 16 countries, and conclude that in all
markets stocks handily outperformed bonds and cash.
We extend the data to include the 2001 experience, and
discuss primarily the U.S, marker history.

Even after large losses in the last two years, U.S. equi-
ries’ average real returns over the 1900-2001 period are
6.5%, with excess return over long—tcrm government
bonds of 4.8 percentage points.* Looking at just the 1950-
1999 period, stocks did even better, outperforming bonds
by 7.7 percentage points per year. For comparison, the
cxcess return of equities over bonds was much slimmer
(0.5 percentage point} in the 19th century (1802-1899),
while the realized average real equity return was sirmilar
(6.2%) (see Sicgel [1998] and Arnott and Bernstein [2002]).°

Exhibit 2 plots the ten-year average compound
returns of stocks since 1900—comparing nominal returns,
real returns, and excess returns over bonds. In some stud-
ies, equity performance is expressed in raw returns, while
in others the inflation rate or long-term bond return (or
short-term bill return) is subtracted from it, Another dis-
tinction is between compound (geonietric) average renurns
and simple {arithmetic) average returns.

Given that the United States has been the world’
niost successful economy of the past two centuries, it 13
not surprising that real equity returns have been some-
what lower in most other markets. For example, the aver-
age real equity returns for the other G-5 markets over the
1800-2001 period range berween 3.4% (Germany) and
5.6% (the United Kingdom). Hyperinflation experiences
make excess stock returns versus government bonds harder,
10 gauge.

Did Realized Returns
Exaggerate Expected Returns?

A consensus is emerging that the high long-term
returns on equities, relative to bonds, are unlikely to per-
sist. The 20th century was favorable to stocks and unfa-
vorable to bonds. Improved valuations boosted ex post
equity returns, while rising inflation expectations and
real yields hurt bonds. Thus, the realized return gap
almost surely exaggerates the expected return gap investors
dctually required (in the pase, let alone after the decline
N required rerurns).

= Various systernatic biases make it likely thar the
publicized realized cquiry market returns from
historical studies exceed the returns that were
anticipated—notably survivorship bias, easy data
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bias, and the so-called peso problem (see Dim-
son, Marsh, and Staunton [2002] and Fama and
French [2002], among others).

+ Survivorship bias rajses the odds that we examine
countries that have had good capital market per-
formance (say, the current G-5 as opposed to Rus-
sia, Austria-Hungary, India, Turkey, or Argentina).

» Easy data bias makes it likely that we start sam-
ples after unusual events (war, hyperinflation,
market closure), which often means that assets are
cheap at the start of the period and that no com-
parable turmoil occurs again during the period.

+ The peso problemn literature recognizes that past
U.S. nuarket pricing was influenced by what could
have happened but did not.* With hindsight we
know that the United States and its market econ-
omy survived two world wars, the Cold War, and
the Great Depression, and did not suffer the hyper-
inflation, invasion, or other calamities of many
other countries. This was not a forgone conclu-
sion at the time, so it is little wonder that realized
equity returns have been boosted by a repricing
effect.

Despite these arguments, it 's conimon to use his-
torical excess returns as a proxy for the ex ante risk
prenuun; indeed this is the approach taken in most invest-
ment textbooks. Historical average returns equal expected
returns, however, only if expected returns are constant,
and if unexpected returns from mendsvise valuation changes
do not distort the swithin-sample results, Such valuation
changes can materially impact average realized returns even
over long sample periods—and indeed they have done so
in the 20th century. Thus the crucial distinction between
realized (ex post) average excess returns and expected (ex
ante) risk premiums.

Bond investors understand better than equity
investors the folly of extrapolating expected returns from
past average returns drawn from a time when valuation
levels have trended up or down. A rally—high realized
returns—caused by falling discount rates will reduce furure
yields (feasible expected returns), rather than raise themn.

The example in Exhibit 3 shows that between 1982
and 2001 ten-year Treasury yields averaged 8.1%, but the
realized annual return was 10.7% because the downtrend
in yields {from 14.4% to 5.1%) added almost 3 percent-
age points of annual capital gains to the yield income.
Using the 10.7% realized annual return or even the 8.1%
average yield as an expected return proxy nukes littde sense
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EXHIBIT 3
Bond and Stock Market Repricing Gains
Due to Falling Discount Rates Between 1982 and 2001
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ation changes. Indeed, starting from 1900
or 1950, D/P and E/P ratios have fallen
dramatically, while bond yiclds have
risen. These within-sample changes are
much smaller beoween 1960 and 2001,
which means that future expected return
extrapolations from this subperiod should
be less distorted.

The 3.3 percentage point excess
return in the United Stazes falls short of the
4.8 percentage points for the 1900-2001
period. During the same period, the excess
returns in Germany and Japan (1.1 and 0.0
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percentage points) are even siimuner as real
equity returns have been lower and real
bond returns higher than in the US.
Thesc average returns conceal sig-
nificant time variation in market perfor-
mance, Besides the equity correction of
2000-2002, these numbers show that
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now that the yield is 3%. The transparency of market yields
prevents bondholders from harboring excessive return
expectations after a long bull market.

Exhibit 3 shows that the revaluation effect was even
greater for equities. The earnings-to-price (E/P) ratio fell
from 12.4% 1o 4.0% in 20 years; that is, the market patd
3.1 times more for a given amount of dollar earnings at
the end of 2001 than at the end of 1981. This repricing
explains almost 6 percentage points of the S&P 5007
15.5% realized annual return (11.8% real). Again the real-
ized average return clearly exceeds the forward-looking
return that was feasible in the 1980s, let alone now. Unfor-
tunately, most equity investors may have focused more on
historical returns than on forward-looking returns,

Repricing: Valuation-Neutral Sample
or Adjusted Realized Returns

If required returns vary over time, past average
returns may be poor predictors of future returns, We try
to recover the past average expected returns using rwo
approaches—by selecting a sample period when valuation
changes were minimal, and by adjusting realized returns
for the estimated repricing impact.

We first focus on a relatively valuation-neutral sub-
period—1960-2001. Realized average returns can be
dominated by unexpected capital gains/losses even over
long sample periods if markets undergo significant valu-
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equities can underperform long bonds
over a period as long as a decade (Germany in the 1970s,
Japan in the 19905). In Japan, the realized excess return over
the past 30 years is now negative. Because such a sustained
underperformance did not take place in the United States
in the last century, many investors took the idea of equi-
ties” long-run superiority too far, and believed that equi-
ties will always beat bonds over a 20- to 30-year horizon.

By now it is clear that all statements about the prob-
ability of stocks beating bonds were distorted by the
favorable sample period, and that the ourperformance
odds are much slimmer now, given the narrower equity-
bond premiuni.

Alternatively, we can pick any sample period and
adjust the returns for unexpected capital gains, Several
recent studies take this approach, notably Dimson, Marsh,
and Staunton [2002], Fama and French [2002], and Ibbot-
son and Chen {2002]. Each study uses a slightly different
way to remove the impact of unexpected capital gains to
recover the typical expected equity risk premium over the
sample period. All three studies find (adjusted) expecred
cquity-bond risk premium near 4 percentage points in the
United States, averaged over very long historics.

Moving Toward
Forward-Looking Expected Returns

Exhibit 4 shows how Ibbotson and Chen [2002]
decompose the realized 75-year average compound stock
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EXHIBIT 4
Decomposition of 19262000 Equity Market Returns
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from mid-2002 together with the his-
torical real earnings growth rate, in the
spirit of the DDM, the prospective long-
term equiry market return is below 6%.
The implicit equity-bond premium is
about 1 percentage point.

The question marks in the last col-
umn in Exhibit 4 are related to debates
that we review below.

The ongoing shift from constant
risk preniums and rational investors to
time-varying risk premiums and partly
irrational investors means that forward-
looking (ex ante) returns are gaining
ground over historical (ex post) returns.
This change is moderating experts’ and
investors’ perceptions of prospective long-

T

£x Post Equity Same Decomposed  Average Ex Ante
fetumn 1926-2000 Return in 1800s

Scusees: Iebussan-Chen [2002], Schrodor Salomen Smitly Barney.

Average Ex Ante
Retum Now?

run equity returns and equity-bond pre-
miums, given that the fourth column in
Exhibit 4 {ex ante return) is much lower
than the first column (ex post return).

market return of 10.7% into demanded or supplied parts,
The total return is split either into:

+ A sum of demanded returns on the assumption
that sample averages capture required returns well
(5.2% nominal Treasury bond return + 3.2% ex
post equity risk premium + small interactiors/
relnvestment terrs), or into:

* A sum of supplied returns (3.1% inflarion + 4.3%
dividend vield + 1.8% real earnings growth rate
+ 1.3% repricing effect + small interacton/rein-
vestrent terins).

The third column in Exhibit 4 removes from the
supplied returns the unexpected repricing effect (1.3%, the
annualized impact of the within-sample change in E/P
ratio}. The study concludes that investors required a nom-
nal equiry murket return of 9.4% berween 1926 and
2000, on average.

Analysis of past average levels can be a misleading
guide for the future when current dividend yields and
inflation expectations are much lower than the sample
average. {r misses the point that if expected returns and
valuations vary over time, historical averages incorporate
limited inforination about medium-term market prospects.
Using strictly the dividend yield and inflation expectations
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Survey Evidence on
Subjective Return Expectations

There is a dichotomy between objectively feasible
return prospects and fess rational subjecrive expectations.
To provide direct evidence on subjective return expecta-
tions, Exhibit 5 summarizes survey views on nominal
long-term cquity returns from various sources.”

Private investors’ subjective return expecrations were
especially high in the late 1990s. Poterba [2001] quotes a
broad Gallup poll from 1999 when the consensus of pri-
vate investors expected 19% annual returns over the long
term. Presumably these were deenmed moderate expecta-
tions after five years of 20%-40% annual returns.

No follow-up surveys tell us how much these exces-
sive expectations have fallen, bur we would guess to
around 10%. Consensus forecasts in one-year-ahead sur-
veys seetn to center around 10% (but dropped in sumimer
2002 below 8%), while many U.S. pension funds continue
to budget well over 10% annual equity returns,

Two surveys of different ULS. experts—finance and
econorics professors by Welch {2000, 2001] and CFOs
and treasurers by Graham and Harvey [2001]—1mply
long-run equity returns of 8%-9% and stock-bond risk
premiunt estimates of 3.5 to 4.5 percentage points. The
equity return forecast in the CFO survey has stabilized at
around 8.2% to 8.3% in 2002,

THE JOURNAL OF PORTECLIO MANAGEMENT 11




EXHIBIT 5

Survey Forecasts of Long-Term Nominal Expected Returns of U.S. Equities
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EXHIBIT 6

Individual Investor Extrapolative Return Expectations—
June 1998-August 2002
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Our own survey in April 2002 of global bond
investors comes up with the most cautious views on
furure equity marker returns, The mean forecast for next-
decade average equity market return is 7.6% for the
United States, Compared with bond vields of around
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5.2%, these farecasts imply a stock-bond
risk premium of 2.4 percentage points.

Are these survey-based risk premium
estimates useful proxies for the equity risk
premium that the market requires? One
can always question how representative
any survey 1s of market views, More
important, because of behavioral biases,
survey-based expected rerurns may tell us
more about hoped-for returns than about
required returns.

Private investor surveys appear espe-
cially prone to extrapolation (high hopes
after high returns); witness the striking
95% correlation berween the past year's
returns and next year’s expected returns in
Exhibit 6. Even the expert surveys are not
free froin this bias, as consensus views of
future risk premiums have edged lower
amid poor market performance.®

Given the tendency of investors to
extrapolate from past returns, the danger
of exaggerated expectasions and the scope
for subsequent disappointment were espe-
cially high after rwo decades of double-
digit rerurns. To quote Dimson, Marsh,
and Staunton {2002, p. 4]:

The most fundamental question of
all is: Do investors realize that
returmns are hikely to revert 1o more
normal levels, or do current
valuations embody exaggerated
expectations based on imperfect
understanding of history?

Survey data indicate that investor
expectations have corrected lower in the
past two years—but it 1§ not possible to say
whether the adjustment has gone far
enough.

How High Should the
Equity-Bond Risk Premium Be?

There is also a normative question about the appro-

priate size of the equiry risk premium, but academic the-
ories provide limited guidance. In the context of the capital
asset pricing model, the required market risk premium
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should reflect the price of risk (market risk aversion) and the
amotnt of risk (stock market volatility). Other asset pric-
ine models refate the required risk premium to asset return
cok\.-'.xriancm with consumption; intuitively, the risk premium
should be high for assets that perform poorly in bad states
of the world when losses hure most (economic down-
rurns with high marginal udlity and low consumption).

Given the low observed corrcelations berween equity
rerurns and consuniption data, popular utility functions
need extremely high risk aversion coeflicients to justify
the high observed equity risk premium; see Mchra and
Prescott [1985]. Academics have proposed various solu-
tions to this equity premium puzzle—alternative utility
functions and market imperfections—but there 1s little
agreement on the topic.

While the academic consensus has been shifting
from constant risk premiums to time-varying expected
returns, opinjons vary about the source of the variation:
rational time variation in required risk premiums or irra-
tional fluctuations in market sentiment, We believe that
both matter.

Because stock prices can be viewed as discounted val-
ies of expected future cash flows, it is an accounting iden-
tiry that higher stock prices and realized returns reflect
higher earnings growth expectations or lower required
returns. Both facrors likely contributed to the run-up in
stock prices in the 1990s. The growth optimist was based
on a range of factors from real evidence on higher pro-
ductivity to irrational hopes about the Internet and the new
economy {see Asncss [2000a] and Shiller [2000]).

Here we focus on a host of possible reasons for the
1990s fall in required equity returns:

* Declines in riskless Treasury yields that con-
tribute to equity discount rates.

Changing risk—Output volatility and carnings
volatility have fallen during past decades; reces-
stons are less frequent (as well as shorter and shal-
lower); monetary and fiscal policies are more
stable; improved regulatory and legal infrastruc-
tures arguably make transactions safer; and world
wars and the Cold War are history.

Changing risk aversion—Consuimner surveys
reveal a fall in perceived risk aversion that may be
attributed to wealth-dependent risk tolerance or
demographic developments. Lower risk and risk
aversion are intertwined in many arguments,
—Higher realized volatility and market losses
may remind investors of their risk aversion. Many
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authors contrast investor caution about equites- -
after the depression of the 1930s with the mar-
ket-dips-are-buying-opportunities mentality in
the 1990s, The optimustic spin is that investors
learned in the 1980s-1990s about the consis-
tency of equity long-horizon outperformance,
and that this learning enhanced investors' risk tol-
erance and thereby slimmed equities’ required
return cushion over less risky assets,

—Lower trading costs, better market access,
greater global diversification opportumnities, and
negative steck-bond correlations enabled investors
to reduce the systematic risk in their portfolios,
which in turn raised investors’ willingness to take
risks,

Seme of these factors have reversed since 2000
Although macroeconomic volatility remains low by histor-
ical standards, financial market volathity has been extremely
high, and perceived risks have risen since September 1,
2001, and various corporate scandals. Sharp falls in share
prices certainly have reminded investors of the innate risk-
iness in equity investing and brought investors closer to
their subsistence levels, thereby rawsing the risk aversion
Tevel. If investors percelved, say, a 2 percentage point equity-
bond premium sufficient three years ago, we suspect they
would now require twice as high compensation tor bearing
equity risks. Finally, the latest declines in government bond
vields appear related to bonds’ safe-haven characteristics
and should not help reduce the equiry discount rates.’

SIMPLE VALUATION RATIOS AS
EQUITY-BOND PREMIUM PROXIES

A stock market’s price-carnings (P/E) ratio is the
maost popular pure-equity valuation indicator. Similarly,
the ratio of government bond yield (Y) over carnings vield
(E/P) is the most popular relative valuation measure for
the two major asset classes and thus a shorthand for the
equity-bond premium. (Sometimmes the earnings yield
spread 1s used instead of the yield ratio, but the broad pat-
terns tend to be similar.)

Lower Bond Yields
Explain Lower Earnings Yields

Exhibit 7 shows the history of earnings vield and the
ten-year government bond yield for over one century. We

focus on the earnings yield rather than its reciprocal
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EXHIBIT 7
Earnings Yield of S&P 500 (Operating Earnings)
and 10-Year Treasury Yield, 1900-June 2002
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EXHIBIT 8
Bond-Earnings Yield Ratio and Bond-Stock Volatility Ratio
1900-June 2002
2.0 - et - © e 150
1.8 . —}4 185
~—— Earnings Yieid Ratio Stocks rich |
1.6 A - 1.20
—— Band-Stock Vol Ratio (RHS)
1.05
-} 0.90
&
= - 0.75
2
> 0.60
0.45
+ 0.30
"Stocks cheap Gda
.0 +—r———m—-mm——-r—r——-r——m—a—a——————— Q.00
8822848883983 888R1E88883
¢ &t c & & ¢t & CECccCc & & cccct t & g cC
M O g 8 ®« o & 8 ¢ © ¢ o M 9 & © 90 I A g o
i T T T Riie- T B T T e T T T T e T T e T e e |

Seurces:

fobotson Assertates, NBER, Amon, Shiller website, and Schroder Saloman Swith Barney.

14  ExrecTen RETURNS ON STOCKS AND BONDS

10-Year Volatility Ratlo

(P/E), because the former is a rate of
return measure, akin to a bond yield.
Unless otherwise stated, our earnings
vield refers to the tailing one-year
operating earnings per share of the
S&P 500 index and its predecessors. '

The broad picture is that the
earnings yield has ranged between 4%
and 16%, but has been near historical
lows for the past few years. Bond yields
traded between 2% and 6% for the
first 70 years, then hit a 16% peak in
the carly 1980s, followed by a decline
to 4%-5% in 2002, Bond yiclds traded
systematically below earnings yields
for most of the century, but traded
above them for the last two decades.
The measures at the foot of the graph
show the timing of the increasingly
rare official recessions.

While earnings yields and bond
vields were hardly related unul 19690,
since then they have shared common
uptrends and downtrends. Exhibic 8
plots the yield ratio of the Treasury
vield over the carnings vield. This ratio
is high when stocks are expensive ver-
sus bonds, in the sense that bond vields
exceed carnings yvields.

For the last 20 years, this ratio has
been neatly mean-reverting, provid-
ing good rclative-value signals for asset
allocation trades between stock and
bond markees. Over this period, we
can say that lower bond yields explain
lower earnings yields (higher cquity
market valuations). This is not sur-
prising, because bonds are the main
competing asset class for equities, and
the bond vield consticutes the riskless
part of equities’ discount rate.

But what are we to make of the
long-run trends in the vield ratio? If we
cannot explain them, we may deem the
last 40 years’ close relation between
stock and bond vields as spurious, per-
haps related to the broad rises and falls
in inflation.
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Lower Relative Risk of Stocks versus
Bonds Explains the Long-Run Puzzle

The vield ratio series was relatively trendless in the
first half of the 20th century but clearly upward-trending
in the second, signaling relative richening of stocks ver-
sus bonds. Asness [2000b] proposes an appealing expla-
nation for the long upward trend in the yield ratio: The
relative risk of bonds versus stocks has grown over time.

The thin line in Exhibit 8 shows the relative return
volatility of ten-year governinent bonds and the stock mar-
ket index, measured by ten-vear moving standard devia-
tions. In the first half of the century, stock market returns
were about seven times as volatile as bond returns. By the
1980s, relative volatilities were virtually cqual—although
subsequent disinflation has reduced bond volatility to
about half of stock market volatility.

The wend increase in the volatility ratio reflects an
increase in bond voladlity, particularly in the 1970s-1980s,
and a decline in stock volatility since the 19305, The
related underlying macrocconomic trends are:

» Growing inflation uncertainty associated with
the persistent rise in inflation untl the early 198Gs.
* More stable real growth, as evidenced by lower
volaulities in real ourpur and earnings growth
rates and by less frequent, shorter, and shallower

recessions, !’

Changing relative risk between asset classes is a
structural change that undermines the usefulness of val-
uvation signals like the yield ratio. This ratio will serve well
as a wean-reverting signal within any one regime, bur it
typically gives a wrong value signal when a structural
change occurs.

How to watch out for those structural changes?
One guidepost is the relative importance of long-run
inflation and growth risks.

* If central bank credibility and other arguments, for
example, convince people of future inflation sta-
bility, and thus of relatively higher real growth

- risks, relative bond-stock volarility may again shift
lower. Such a change should favor bonds and per-
* haps move the yield ratio back below uniry in the
medium term. Exhibit 8§ shows a reversal in the
voladility ratio in the past 15 years but not vet any
trend reversal in the vield ratio, (In third quarter

2002, the yield ratio did fall below unity, however.)
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* Asamore current example, we think that in the
world after September 11, 2001, with heightened
security concerns and policy uncertainties, both
growth and inflation risks have increased. Tuis less
clear which has mcreased more, making the
mmpact on the yicld ratio debatable.

+ Detlation would arguably reduce the required
bond risk premivm and raise the requited equity
risk premium. Thus, incipient deflation should
systematically reduce the yield ratio.

Drivers of Earnings Yields

Since stock prices reflect the discounted values of
expected future cash flows, it 1s an accounting identivy that
low earnings yields (high P/E ratios) reflect some com-
bination of low discount rates and/or high expected carn-
ings growth rates.

Like many others, we find that various growth indi-
catofs are only loosely related to carnings vield fluctua-
tions and that P/E ratios have only a modest ability to
predict subsequent earnings growth, Discount rate effects
may reflect the riskless yield component or the required
equity-bond risk premium. The sensitivity of earnings
vields to nominal bond yiclds can be traced back to
expected inflation rates or required real bond yields. His-
torical analysis suggests that earnings vields have been
more closely related to inflarion than to any other series,
including nominal or real bond yields.

Exhibit 9 depicts the relation between ULS. carnings
yields and the previous three years’ average inflation.
There 15 a similarly close relationship in other countries,
including Japan.'2

A high correlation between earnings vields and
inflation rates may be surprising, because the E/P is sup-
posed to be a real variable. The textbook view is thar stocks
are real assets since higher inflation should be fully com-
pensated by higher nominal earnings growth rate, wich lit-
tle impact on the stock price or the D/P or E/P ratios.

What explains this anomalous correlation? Here are
the main candidates, all of which may contribute:

* Inflation may impact real earning growth prospects
—steady Jow-but-positive inflation appears to be
the optimal environment for real growth.

+ Infladon may raise prospective real returns because
irrational money illusion makes equity markets
undervalued (overvatued) when inflation is high
(low).1?
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EXHIBIT 9

Dependence of Earnings Yields on Inflation Level—1900-2001

EXPECTED EQUITY
PREMIUMS BASED ON DDM

— While the yield ratio is a use-
—EiP cper i A
15 ] ful shorthand for the equity-bond i}
———CP13yr (RHS) . .. N gt
premium, the dividend discount, |
L model gives us directly what we: ||
13 = really want to see: the difference be- l
) = tween stocks’ and bonds’ expecred '
210 3 long-run returns.™ In the basic ver- b,
.4 : 0 o
& g 8 sion of the DDM, equity cash flows }]
= . i
o = dividends) are assumed to grow ar §
= g
= -~ . b
6 = a constant annual rate G. A feasible {;
long-run return on equities is then
= i
4 .
the sum ofthe cash flow yield (D/P) x
2 and the trend cash flow growth rate &
(sec the appendix). The required 'i'
L L. y
0 T R O . s A . SR S A . Nt S St el return on cquitles, or the discount ¢
8822 EBB8IYIBILELLIILS ES [P £
g % g g ém .% {-___m g g % % s E (% g (‘;__; (‘% (‘C\} % ":m g rate, can be viewed as a sum of the
o B B B S B S B By S B S B T S S S S B S B 1 riskless long-term governimernit yleld

Sourcs: Stiller website, Sehrader Salwomon: Smiith Barcy.

(Y) and the required equity-bond -
risk premium (ERP).

+ Inflation may raise required real returns on bonds and
equities (rational inflation-related risk premiumy.

We can explain the bulk of the past 30 years' vari-
ation in earnings yields by just two factors: inflation level,
and output volatility (see Bernstein [1999], Wieting [2001],
and lnianen [2002]). The rise and fall in inflation éxplaing
the humped shape (20-year rise in earnings yields before
1980 and 20-year fall thereafter), while the trating volatil-
ity of GDP growth rates (or earnings growth rates) explains
the general downtrend.

By the vnd of the century, equity markets benefited
from low levels in both factors, in addition to a record-long
expansion, productivity optimism, and high risk tolerance
after a persistent bull market. No wonder that irrational
exuberance and overshooting valuations followed.

The good news is that at least part of the multiple
expansion is fundamentally justified. Above-average P/E
levels may then be sustainable (as long as inflation stays at
the apparenty optimal level for equities, near 2%-~-4%, and
macroeconomic stability rather than equiry volaulity
drives equity investors’ risk aversion). Yet many observers
appear to forget that sustainably high P/E still means low
E/P and low long-term equity returns; sustainability
would just reinove the need for further cheapening in the
near term (as the P/E falls to the historical mean).
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Intuitively, markets are in equi~
librium when the equity market return that investors
require (Y + ERP) equals the rationally feasible expected
return (D/P + G). This equality can be reshuffled to
express the ex ante equity-bond risk premium in terms
of three building blocks:

Equity-Bond Risk Prenuum =
Expected Stock Return ~
Expected Bond Return

or

ERP = D/P G -Y

nam nomn

The appendix shows how this model can be
extended to real (inflation-adjusted) terms or to dis-
counted earnings terms. The DDM framework is simple,
but there is a wide disagreement about the inputs to the
equity premium calculation, There are two main unob-
servables, ERP and G. One can either infer ERP for a
given G assumption, as we do, or one can reshuflle the
equation to infer G (imnplied growth rate) for a given ERP
assumnption.

Even the observable inputs—dividend yield and
bond yield—are ambiguous. It may be debated whet,hg
to include share repurchases in dividend yield and Whed’ff
1o us¢ a ten-year or longer-maturity Treasury yield. Th‘
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EXHIBIT 10

gurvey-Based Asset Class Premiums—Using Consensus Forecasts of
Long-Term GDP Growth, Inflation, and Short-Term Rates—1979-June 2002

7_..

on it can shift risk premium estimates

by several percentage points, while dis-
agreements about dividend yields and
bond yields are worth about 1 per-

Equity Risk Premium Over Band
Equity Risk Premium Over Cash
- - - .Bond Risk Premium Over Cash

centage point, at most.
Earnings or dividend data? In his-
torical analyses, some authors use carn-

ings data, others dividend data, and
yet others gross domestic producr data

Survey-Based Premtums (%)

to proxy for cash flows. While earnings
data have their own shortcomings, we
use them, Historical dividend growth
is arguably understated by the declin-

ing trend in dividend payout rate since
the late 1970s, partly related to firmy’

fe3] bt o uy o33 ~— o )
TP 2 ® 8 & & 9 9
c c c c < c [} c c
o 1] 1] s % 1] ] < o
-3 - 2 -2 -2 s s s s

Scurees: Best and Byrne [2001], Blue Clip Economic Indicators, IBES,

asid Sthroder Safomon Smih Barncy.

shift from dividend payments toward
share repurchases.

Nominal or real G2 Many observers
refer to historical earnings growth rates
in nominal terms (perhaps even using
arithmetic averages), thereby overstat-
ing future prospects now that inflation

main source of contention, though, is the assumed trend
profit growth rate G.

Instead of assumning a constant profit growth rate, we
may allow G to vary over time according to survey fore-
casts or stanistical estimates. Before we explore the vari-
ous debates, we present equity-bond premium estimates
based on survey forecasts of long-term GDP growth rate,
motivated by the widely held idea that corporate profit
trends are somehow ted 1o output trends,

Best and Byrne [2001] examine risk premium esti-
mates that use consensus forecasts of next-decade average
real GDP growth and inflation as inputs for nominal G.
Exhibit 10 shows that the estimated equity-cash risk pre-
mium and bond risk premium together trended downward
berween 1983 and 2000, while the ex ante equity-bond risk
premium ranged between 0.5 and 3.5 percentage points.'?

Debates on Inputs for

Statistical Risk Premium Estimates

There will never be full agreement about the equity-
bond premium, because there are a wide range of views
about DDM inputs. Here we simply summarize the key
questions.

Long-Run Growth Rate (G). This is the main debate.
Since G is the least-anchored DDM input, differing views

WiNTLR 2003

rates are quite low. We prefer 1o assess
expected inflation and real earnings growth separately, We
do concede that assuming stable nominal earnings growth
rates over time could work surprisingly well, because
inflation may be inversely related to real earnings growth.
Relation to GDP growth? [t is useful to first assess the
trend GDP growth rate and then the gap between carn-
ings and GDP growth.

+ The long-run productivity growth ts important
because it determines the potential earnings
growth rate, and because persistent changes influ-
ence stock prices much more than cyclical
changes. If the recent extraordinary productivity
growth is sustained, it could be quite bullish for
long-run profits and share valuations.

Historical evidence on the gap between earnings
(or dividends) and GDP growth 15 less encourag-
ing—indeed, recent findings are shocking to many
market participants. Several recent studies show thar
pershare earnings and dividends have over long his-
tories lagged the pace of GDP growth and in niany
cases even per capita GDP growth. Focusing on our
past-century sample period {1900-2001), U.S,
GDP growth averaged 3.3% in real terms, com-
pared with 1.9% GDP per capita growth, 1.5%
earnings growth, and 1.1% dividend growth.

17
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EXHIBIT 11

Cumulative Real Growth of GDP, S&P 500 Operating Earnings,

and Stock Prices—1952-2001
10

largely labor-augmenting and
wage-enhancing rather than the
capital-enhancing type that

—GDP
=r—Earnings
—»— Stock Prices

Compound Real Growth {Log Scale)

would spur EPS growth (also see
discussion in Nordhaus {2002]
and “Proceedings of Equity
Risk Premium Forum™ [2002]).

Can we do better than using histori-
cal averages? Empirical studices find lim-
ited predictability in long-term earnings
growth rates (see Fama and French
[2002]). No predictability mmplies that
the historical sample average may be
the best estimate of future carnings
growth.

1 ; .
£~ o P
b @ @
< = I
[x) 3] [}
- ] el

Seurces: Arott, Shiller webzite, and Srhrader Safemen Smith Barmey.

Jan-92 A

How long a sample? The com-
pound average real earnings growth rate
over very long periods s around 1.5%.
Orthers argue that the world has changed,
and that the future should be more like

Jan-02 -

Exhibit 11 shows that cumulative real growth
of earnings has consistently lagged GDP growth
in the past 50 years, swhite stock prices beat GDP
only because of the multiple expansion. Inter-
national evidence in Arnott and Ryan [2001] is
hardly more encouraging, and Dinmison, Marsh,
and Staunton [2002] show that real dividend
growth has lagged real GDP per capita growth
between 1900-2000 in 15 of the 16 countries they
examine.

* What explains these disappointing results? Arnott
and Bernstein [2002] attribute them to the
dynamic nature of entreprencurial capitalism.
New entrepreneurs and labor (perhaps especially
top management) capture a large share of eco-
nomic growth at the expense of current share-
holders. Stock market indexes (made up of listed
stocks) do not participate in all growth, and
indeed may miss the most dynamic growth of yet-
unlisted starc~-up ventures. Arnott and Bernstein
argue that aggregate earnings growth of the cor-
porate sector (listed and unlisted firms) should
better keep pace with aggregate GDP growth, and
this conjecture seems to hold in the national
accounts data.

Siegel [1999] adds that real output growth
related to technological progress may have been
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the 1990s" experience, with its 4.3%
average real earnings growth, and unlike the preceding
decades (0.4% in the 1980s and 1.8%-2.9% in the 19505,
1960s, and 1970s).

Payourt rates appear to have some ability to predict
future growth, but the resules are debatable. Ibbotson and
Chen [2002] argue on theoretical grounds that low div-
idend payout rates are a sign of high growth prospects.
Arnott and Asness [2002] show that the empirical expe-
rience has been exactly opposite. Low dividend payourt
rates have preceded low subsequent earnings growth. If
this pattern holds, it is a bad omen for the coming vears,
given the low payout rates of the boom vears.'

On a positive note, there are some signs that real
earnings growth is higher when the trend productivity
growth is higher, when the inflation rate is lower (but pos-
itive), and when earnings voladility is lower. Lower infla-
tion and velatility drags may have boosted real earnings
in the Jast 15 years and, if sustained, could keep future trend
earnings growth more in line with the GDP growth (see
Wieting [2001]).

Dividend Yield (D/P). Dividend vields in the
United States fell even faster in the 1980s and 1990s than
earnings yields. The declining propensity to pay divi-
dends partly reflects a shift toward more tax-efficient
share repurchases; by the late 1990s, U.S. firms disbursed
cash flows more in share repurchases than in dividends (see
Wadhwani [1999], Fama and French [2001], and Jagan-
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nathan, McGrattan, and Scherbina [2001]). Adding up div-
.dends and gross buy-backs, however, exaggerates sus-
ainable cash flow yields. One reason is that gross
puy-backs should be adjusted for related share issuance
(buy-backs are often linked to employee stock options);
another is that share repurchase programs are less perma-
nent (easier to discontinue) than dividend payments.

While gross buy-backs added perhaps 2 percentage

oints and net repurchase payouts 1.5 percentage points
o U.S. cash flow yields during the late 19905 peak buy-
back years, Liang and Sharpe [1999] argue that adding 0.5
percentage point to dividend yields is a more realistic medi-
pm-tern estimate. Even this adjustment may be questioned
because the 1990s share buy-backs never exceeded new
share issuance,

Bond Yield (Y). It is comumon to use the ten-year
govermment bond vield in equity-bond premiutn calcu-
lations, mainly for data availability reasons. In fact, the
“duration” of equities is much longer. Using a longer-
maturity vield may thus be appropriate.’’

Yield curves tend to be upward-sloping, so the use
of a longer yield typically reduces the equity-bond pre-
miunt. But when the yield curve was inverted in the
early 1980s, the reverse was true,

Inputs for Ex Ante Asset Returns and
Premiums—and Resulting Outputs

Arnott and Bernstein [2002] carefully create a time
sertes of ex ante real long-term stock and bond returns
since the early 1800s that would have been realistic to
expect, given the information available at the time.
Roughly speaking, their tnputs include the historical
average real dividend growth rate to proxy for the real G
(averaging previous 40 years and full-samnple experience),
1regression-based proxy for expected furure inflation, and
dividend yield and long-terni Treasury vield.'® These
plausible inputs give rise to recently low equity-bond
risk prentium estimates: near-zero average since the mid-
1980s, and negative values between 1997 and 2001,

We propose an alternative set of plausible input
dssumptions that are somewhat niore optinustic for stocks
and thus give rise to higher risk premium estimates.'”

Exhibit 12 summmarizes our selections, and Exhibit
13 shows the histories of our inputs (except for yields).

D/P; Since raw dividend yields arguably underes-
timate recent equity market cash flow yields due to share
buy-backs, and since we do not have long histories of net
buy-back-adjusted dividend yields, we prefer to use earn-
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ings data that have not undergone such a structural change
as dividends. We use smoothed earnings yields multg-
plied by a constant payout rate (0.59) as a proxy for sus-
tainable dividend yields.?

G,,;; As we find limited predictability in long-term
real earnings growth, we assume that investors take his-
torical average real earnings growth as a proxy tor future
G, - The geometric average growth rate is more relevant
than the arithmetic average if investors are interested in
a long-run wealth accumuladon rate.?!

The historical window length is ambiguous, and we
prefer to take an average of the past 10, 20, 30, 40, and
50 years’ average growth rates; this choice gives more
weight to more recent decades and implies shorter win-
dows than in Arnott and Bernstein [2002]. This approach
hopes to capture some slow-moving variation in trend
earnings growth rates that may be associated with chang-
ing productivity trends and changing inflation or volatility
drags.

Since these historical averages are quite unstable
over time—the extrentes of their range (from —4% to +6%)
appear unreasonable for long-run ex ante G views—we
take an average of these averages and a 2% anchor for the
G, proxy. This adinittedly ad hoc approach succeeds in
giving a plausible ex ante G series (a range between 0
and 4% most of the tine), while allowing slow variation
over time (see Exhibit 13). The latest value is 2.5%,

Y: We use the longest available Treasury yreld (Ibbot-
son Associates’ roughly 20-year bond until 1951, Salomon
Brothers’ 20-year or 30-year on-the-run series thereafter),
and annualize it, These long bonds® durations are roughly
double the ten-year maturity bonds’ durations (near seven),
and thus are closer to equity durations, although still
shorter.

Ex Ante Inflation: We follow Arnott and Bernstein
[2002] in regressing each quarter the next-decade inflation
on the previous three years' inflation and using the fitted
value as a quasi-out-of-sarnple prediction of the long-term
inflation outook.? The regression window length is arbi-
trary. We use a moving 30-year window and full sample
sinee 1870, averaging the two. We make one exception
around World War I; we cap the 1915-1918 expected
inflation at 5%, even though our regression proxy rose
above it, peaking above 9%.%

When survey-based inflation forecasts become avail-
able, we incorporate then. After 1951, we use the Liv-
ingston survey’s median forecast of one-year-ahead inflaton
as a third component in the average that proxies for
expected inflation. And from 1979 when ten-year-ahead
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EXHIBIT 12

Estimates of Expected Asset Class Returns and Underlying Input Assumptions

Input/Assumption: Mid-2002  End-99  (50yr Avg)
\Ex Ante Real Stock 5.5% 4.0% (6.2%:)
Return:
D/p 0.59(5-Year Operating) 30 1.8 (2.9
Eamings Yield
+ Real Growth Average of 2% and past 25 2.2 (2.3}
G 10/20/30/40/50yr real
il carings growth adjusted
for volatility
Ex Ante Real Bond KX 39 (3.3)
Return:
Long Govt Yield 30- or 20-Year Treasury 5.6 6.6 (6.7)
Yield (annualized)
k Ex Ante Inflation Consensus forecast of decade- 2.6 2.7 (3.4)
(Em) ahead inflation since 1979,
earlier regression-based
long-run inflation forecasts
EXHIBIT 13

Three Components of Ex Ante Nominal Stock Return—1900-June 2002

Return Contribution (%)
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and Schiroder Salomon Smith Barney.
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survey forecasts are available, we
use them as our expected inflation
proxy.?*

This set of inputs results in
the feasible ex ante real long-term
stock and bond return series shown
in Exhibit 14, The cstimated real
stock returns varied between 4%
and 9% most of the century, sweep-
ing from the top of this range to the
bottom between 1982 and 1999.
The estimated real bond returns
varied between 0% and 5% except
for the 1980-1985 period, when
ex ante real returns occasionally
exceeded 8%. Ovwerall, the post-
Second World War pattern of a
long upward trend (pre-1982) and
a long downward trend (post- 1982)
in nflation is matched in required
real bond returns, although with a
short lag,

Bernstein [2002] notes that
the great variation in required
bond and stock returns in recent
decades mmakes the use of histori-
cal returns either irrelevant or,
worse, misleading for any kind of
future projections.

The equity-bond premium
{the difference between the other
two series) experienced a clear
downward shift 20 years ago.
Before 1982, the premium ranged
between 2 and 10 percentage
points most of the time, while
since 1982 the range has mostly
been O to 2 percentage points.

The lowest equiry-bond pre-
miums—June 1984, September
1987, and December 1999—coin-
cided with temporary peaks in
bond risk premiums. On all three
occasions, a Fed tightening trig-
gered a heavy bond market sell-
off (year-on-year rises in ten-year
vields of 310bp, 220bp, and 180bp,
respectively), while equity markets
had not yet suffered much, Over
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& pxdIBIT 14 the following year, stocks under-

gstimated Long-Term Real Stock and Bond Returns and their performed bonds by 5, 25, and 26

!
| pifference (Ex Ante Premium)—1900-June 2002 percentage points, respectively.

It 1s counter-intuitive that the

12 — ex ante equity-bond premium was
- - - -Expacted feal Bond Retum averaging just 1 percentage point

[y Expected Real Stock Relum e _ .
10 1 I ~———Espacted Equity-Bond Premium during the great bull market, while
g A realized equity returns between
€ 81~ ) 1982-2001 were 16% per year (see
é A h Exhibit 3). Using the more conser-
3 vative Arnott and Bernstein esti-
% 4 4 AU mates, the ex ante premium was
% ! actually negative most of this period.
§ apl L How could equities outper-
\ form bonds by 5 percentage points
0 i ","' per year with such a slim ex ante
- premium? The first answer that
28 E S 3 2 3 3 e 8 ) 2 comes o r_n'md,. a fal]ing equiry.a
5 & & 5 5 ‘_g) § § 5 5 5 bond premium, is not valid for this

period; the premium already had
shrunk by 1982 and actually edged
a bit wider during the 20-year
period. A better answer is that dis-

Sonree: Sehroder Salomton Smith Barney.

count rates fell (ex ante real returns

EXHIBIT 15 X for stocks fell by 3.5 percentage

Forw'ard-Looking P/E Ratio and Analysts’ Medium-Term points, and expected long-run

Earnings Growth Forecasts—1985—-June 2002 irilacier Bl TeEn more), and the

e e e e e o+ e e et e longest-duration asset class, equines,

ol r_cnpcd thc greatesr windfall gains
froni falling rates.

22 11 — P/E oper -fwd This analysis assigns almost all

20 1| —IBES 5yr Earnings Growth Forecast of it equiy wutperformmnce and

gl P/E multiple expansion to lower dis-

count rates rather than greater growth

18 - optimism. But recall that our series
14 i of feasible ex ante equity returns is
12 4 based on preuy rational real earn-
ings growth forecasts (thar rose just by
10 5 g 1% in the 1990s; sce Exhibit 13).
8 e g e e e Actual subjective growth forecasts
oin- i 8 R (e Y . probabl‘;.r were much less rauonal dur-
3 in ’i:fl > 338 833 G“? 8§83 8853 88 5 g ing the InFernet boom. Ipdeed, ana-
| 2 £ 3 882 8 2 8 8 8 2 gogg ooy lysts” medium-term earnings growth
O o000 o000 oco0o0aao000a0anaan

forecasts rose from their normally
overoptimistic 11%-12% level (of
nominal annual growth) to a heady
18%-19% level in 2000, before tail-
ing off (see Exhibit 15).

Ssurces: IBES and Slroder Salomon Seith Banney.
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EXHIBIT 16

Forecasting Ability of Various Predictors—Predictive Correlations

Based on Quarterly Data

10yr Return SyrReturn Syr Reum IyrReturn [yr Return —‘

Forecast Hortzon and Data Window => 1900-2001  1900-2001  1960-2001F  1900-2001  1983-2001
Predict Real Equity Retum Using:

Trailing Earnings Yield 0.58 0.27 0.17 0.06 0.33

Ex Ante Real Equity Return Estimate 0.40 0.321 0.03 0.25 0.26

Past 5yr Real Equity Retum -0.13 -0.13 0.26 -0.14 -0.40
Predict Real Bond Return Using:

Nominal Bond Yield 0.54 0.42 0.65 0.29 0.50

Ex Ante Real Bond Return Estimate 0.54 0.61 0.77 0.60 0.62

Past Syr Real Bond Retum 0.08 0.17 0.10 0.04 0.23
Predict Equity-Bond Excess Rewumn Using:

Earnings Yield Gap (EamY - GovtY) 0.53 0.32 0.19 0.20 0.56

Ex Ante Equity-Bond Premjum Estimate 0.51 0.32 0.05 0.26 0.47

Past Syr Equity-Bond Excess Retum -0.03 ) -0.22 -0.28 -0.21 -0.32

Sharpe [2002] uses these growth forecasts, without
prejudging their rationality, and estimates that about half
of the late-1990s P/E expansion reflects lower discount rates
and half greater growth optimism. Thus, part of the late-
1990s decline in feasible real equity return in Exhibit 14
likely should be attributed to irrational growth forecasts.

How robust are these estimates of ex ante asset class
returns? Details are sensitive to the input assumptions, but
the broad contours of such estimates tend to be similar
(compare Exhibits 10 and 14), becausc all are anchored
by market yiclds on equities and bonds.?*® The long-term
growth forecasts can vary more widely, and in the basic
DDM these forecasts translate one-on-one into higher or
lower estimated equity returns or premiumns.

Predictive Ability of Equity-Bond
Premium Estimates

To assess the usefulness of our ex ante ¢xpected
return estimates, we use these measures to predict real
stock return and real bond return and their difference
(excess return) over ten-year, five-year, and one-year
horizons. Exhibit 16 displays for each trade the predic-
tive ability of our ex ante expected return measure and
two alternative predictors, a simpler yield proxy and a past-
return measure,

In all cases, our estimates exhibit reasonable fore-

22 ExrECTED RETURNS ON STOCKS AND BONDs

casting ability, but they are clearly better predictors than
the simple vield measures only at the short (one-year) hori-
zon. The long-horizon correlations are typically higher
than short-horizon correlations, mainly because the real-
ized returns are smoother at longer horizons.

For example, the correlations benween the ex ante
equity-bond premium and subsequent realized outper-
formance of equities over bonds are 0.51 for the ten-year
horizon, 0,32 for the five-year horizon, and 0.26 for the
one-year horizon, In a scatterplot of ex post long-run
equity-bond premiums on the ¢x ante premiums, the
1998-2000 obscrvations show up as major outliers.

Past five-year equity returns (real and excess) have
generally been negatively correlated with future returns,
consistent with a miild mean-reversion tendency. This
pattern underscores the extrapolation risk following an
extended period of above-average marker returns. Past
bond returns on the contrary have been positively related
1o future returns, consistent with slow-moving variation
in required returns.,

WHERE DO WE STAND?

While our analysis cannot unambiguously reveal
the current extent of the equity-bond premium, our
framework does clarify the assumptions needed for vari-
ous risk premium estimates, Morcover, we argue that
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- gXHIBIT 17

Gap Between Objectively Feasible (Rational)

and Extrapolative {Irrational) Return Expectations—1900-June 2002

Since inflation is also likely to remain
low, high returns need to be earned the hard
way—by very high real profit growth rates.
- The mega-bullish equity market view

requires throwing away the history books and

Annual Return (%)

fully embracing the “this time is different” idea.
For example, technology-related arguments
might be used to justify a tripling of long-run
G, to 4%-5%, which would cnable long-run
nominal equity returns near 9%-10%. (The
finding that the trend earnings growth lags the
trend GDP growth does challenge the credibilicy
of such assumptions, given the consensus view
of next-decade real GDP growth ar 3.1%.)

——*Objective” Expected Real Equity Return A moderately constructive case is that fea-
34— . . — : X < Tee 1 AP OC e or— @ i
“Extrapolative” Expected Real Equity Return sible and subjuuvely o\p(.ct:.d long-run quity
ol : . : : : — =3 returns are in balance near 7%-8%. The delib-
g 2 & & ¢ 8 8 R 88 8§ 8 erately optimistic assumptions we use in Exhibic
c [ c 5 i . § g
§ E § § § 3 8 E E é:l; = 12 give rise to 8% feasible {(nominal) return,

Sauree: Schreder Salosen Smitls Barney.

almost as high as the CFO survey forecasts,
Stable inflation, low macroeconomic volarility,

“how high are objectively feasible future stock rerurns?”
is not the only critical question for equiry markets’
medium-terin prospects. Acknowledging the role of irra-
tonal expectations, another kev question is: “How high
returns do investors subjectively expect?” If objective and
subjectve return expectations are not in balance, equity
markets remain vulnerable to disappointments.

There are no directly observable proxies for either,
return, but we have tried to provide evidence on both.
As an Ulustration only, Exhibit 17 contrasts our estimate
of feasible ex ante real equity return with a simple proxy
of extrapolative subjective return expectations (73% of a
long-run anchor, 7% real equicy return, plus 23% of past-
decade average real equity return).

Clearly a wide gap arose between the two series in
the late 1990s. Just when rising valuations reduced feasi-
ble future returns, many investors confused recent wind-
fall gains as a sign of permanently higher equity returns, This
£ap has narrowed from both sides since the end-1999 peak,
but aeleast in this ilustration che gap has not yet been closed.

Ar a minimum, our framnework should give structure
o the dialogue abour future equity returns. Aggressive
Teturn forecasts must be explained by something: high div-
idend yield, high trend real earnings growth, high infla-
ton, or further multiple expansion. Low dividend yields
ftmain a reality, and from the current above-average val-
uation levels, further multiple expansion is unlikely.?
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reduced trading costs, and betrer diversification
opportunitics may help sustain the above-aver-
age P/E levels. And, given the fall in bond yields, equities
again offer more than a negligible risk premium.?
A modcrately bearish view is that the feasible long-
run nonunal equity return is closer to 5%-6% than 7%-8%.
Such estimates simply follow from using (unadjusted) div-
idend yields and historical average dividend growth races.
The most bearish view involves further declines
(rmcan reversion) in the markers P/E mulriples. Below-
average earnings growth and higher risk aversion are plau-
sible scenarios (see Campbell and Shiller [2001] and
Arnott and Asness [2002]). Unwarranted investor opti-
mism, a remnant of the 1990s bull market returns, can also
be bad news. Refusal of investors to reconcile themselves
to the moderate feasible long-run returns is not sustain-
able in the mediun: term.

APPENDIX

Dividend Discount Models
and Equity-Bond Premiums

Dividend discount models analyze stocks as if they were
perpetual (consol) bonds, with the owist that their coupon rate
is expected to grow over time, We descnbe here the basic Gor-
don [1962] model with a constant dividend growth rate. Given
a constant discount rate R (which can be viewed as a sum of
nskless component Y and an equity-beond risk premium com-
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ponent ERP), the stock price can be expressed as the sum of

expected discounted future cash flows:

oo 1 .
P, = EI[EH(T'P_F:)J(DH:‘)]
where =Y + ERP.

If we assume a constant growth rate G:

EI(DI +J) =1 +GED,, _,)=(1+GyD,

)=

we can express the stock price simply as

P =ED, . JVR-G)=(1+GD/R-G)

Thus:
ED,, )/P,=R-G

or as an approximation of the dividend yield:
D/P=R-G=Y+ERP-G

In equilibrium the equity return that investors require
(R =Y + ERP) must equal the rationally feasible Jong-run
return (D/P + G).

Earnings Discount Model: To express the equation in
terms of the E/P ratio, we assume a constant dividend payout
rate k = D/E. With a constant dividend payout rate, dividend
growth rate and earnings growth rate are equal. Then

D/P = (E/P){D/E)=Y + ERP -G
Thus:
E/P = (Y + ERP - G)/k

Real or Nominal: The DDM can be expressed in real
terms or in norninal terms. Mechanically, a rise in expecred infla-
tion rate raises both the dividend growth rate and the bond yield,
without having an impact on the stock price. Empirically,
however, the corrclation berween inflation rates and carnings
yields suggests that cither real growth rates, payout rates, or
equity risk premiums are related to inflation.

Dynamic Models: It is not necessary to assume a con-
stant growth rate. Practical implementations often involve
multistage models where growth rate vares over the horizon
{sce Cornell [1999] and Jagannathan, McGrattan, and
Scherbina [2001]). Sharpe [2002] uses a dynamic version of
the growth model that allows growth rates and required
retumns to vary over tme, It sall follows that low camings yields
are telated to high growth prospects or low required returns.
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ENDNOTES

The author thanks Robert Arnott, Clifford Asness, Peter
Bemstein, Alistair Byrme, and Steven Wieting for helpful discus-
sions and for help in acquiring historical data. This article is lasgely
based on research reports written for Schroder Satomon Smith Bar-
ney in May and June 2002, The onginal disclaimer there applies.

1f the payout rate is constant, dividend growth rate and
carnings growth rate are equal. We use the larrer because pay-
out rates fell in the 1980s and 1990s, and many observers argue
that share buy-backs have replaced dividend payments.

*The distinction between objective and subjective expec-
tations implies that the subjective expectations can be irrational.
In fully rational arkets, there is just one expected return that
clears the market. The feasible asset return that nvestors can ratio-
nally expect is, by assumption, equal to the required asset return.

*Most of our data analysis focuses on U.S. markets because
the literature has concentrated on them, partly because of bet-
ter data availability and reliability, The global leading role of
the U.S. economy and asset markers and higher valuation ratios
thant in nost other major equirty markets also make the US.

-expurience the most interesting topic.

“All returns are expressed as annual compound returns,
unless otherwise stated.

*One reason is that ULS. government bonds were not per-
ceived to be niskless until the 20th century. In addition, yield
trends were more favorable for bonds as the 19th century
ended with extended deflanon. Long yields were then halved
frorn 1802's near-6% level to near 3% at the beginning of
1900, and then doubled back by the end of 2001. Of course,
equity and bond markets also were less developed in the 1800s,
making data less comprehensive and reliable.

®The peso problem refers to infrequent, unlikely events
such as currency devaluation that may influence market prie-
ing {e.g., forward bias in peso-dollar pricing) but may not
show up, even in a long historical sample.

“The CFO survey and our bond investor survey asked for
views on the expected annual return of a major equity index
over the next decade. The academic survey required some
adjustments because it asked for the 30-year cquity-bill-pre-
miwmmn {and only an arithmetic average in 1998), We first sub-
tract from the 7% consensus view in 1998 0.8 puercentage point
{the gap berween arithmetic and geometric means in the later
survey), then add a 5% expected average bill rate (typical long-
run view of econontists in 1998 from another survey) to get
an 11.2% cxpected nominal retum. In 2001, the survey quotes
a 4.7 percentape point geometric mean premium over bills; we
add 4.7% expected average bill rate to it to get a 9.4% estimate.

*The falling consensus views may partly reflect a real
change due to the growing literature on the changing equity
risk premium, besides simple extrapolation from recent returns.

“Specifically, we have found that the negative correlation
between stock and bond returns has made government bonds
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the ultimate safe haven. The negative beta feature can even jus-
dfy a negative risk premiuin for government bonds when the
craditional inflation risk premium has fallen to near zero. All else
equal, a low or negative bond risk premium (over cash) makes
(he current equity-bond premium wider. (Sce Best, Byrne, and
manen [1998] and hnanen [2002].)

"\We use operating carnings rather than reported carmn-
ines since the former became available in the carly 1980s,
[5;ond]y speaking, operating earnings are earnings from con-
nnuous operations, excluding non-recurring iterns, Operating
earnings may give a betrer picture of trend carnings, as they are
less influenced by one-off events and cyclical downturns (see
Wieting and Peng [2002]).

Findings of aggressive and even illegal eamings account-
ing practices, however, have made many investors prefer the
reported earnings. Stock option expensing and pension return
asumptions are other contentious carnings topics. Any adjust-
ments to recent earnings levels would imply lower earnings vields
and Jower ex ante ¢quity retums in our empircal analysis.

"Improving macro stability has not broughr along finan-
cid marker stability, an unacractive outcome for equity
investors. Alan Greenspan, among others, highlighted the con-
st berween low outpur volatility and high equity market
volatility it his annual Jackson Hole speech in Auguse 2002.

POverall, Japan's experience confirms the inflation-
dependence of eamings yields but there is a hine of a leaning
J-shape. We congecture that carnings yields could actually ose
s deflationary environnient. Low-but-positive inflation is the
oprimat envirenment for equity valuations; both higher infla-
tion and deflation can hart ¢quitivs and raise E/P ratios. This
Jso suggests that U.S, equity multiples already reflect all the pos-
I gains from disinflation and that the best they can do now
110 hold onto these cains (if inflation remains near 2%-4%).

BModigliani and Cohn [1979] argue that investors and ana-
lysts incorrectly discount real dividend streams with nominal dis-
court rates, resulting in wo tow 4 price for real fundamentals
when inflation is high. For a recent review, see Ritter and Warr
[3002). Sharpe [2002] suggests a variant of inflation illusion;
fvestors and analysts actually discount nominal cash flows using
nominal discount rates, but do not make sufiicient inflation
adjtments to their extrapolative nominal growth forecasts.

"Under certain conditions, the cumings yield equals the
X ante real equity return—for example, if the constant reten-
“on rate (1 — payout rate) matches the constant dividend growth

rate. Intoitively, earnings yield understates expected return
B

cause it excludes dividend growth, but it exaggerates expected
fetumn because only a part of carnings are paid out as dividends.
Unless the two extra terms just balance, the DDM should pro-
¥ide a better ex ante real return measure cthan the carnings yield.

PThe equity-cash premium is the difference between the
“Xante equity return and the expected average Treasury bill
Tate over the next decade. The bond risk premium is the dif-
terence beeween the ten-year Treasury vield and the expected
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average Trcasury bill rate over the next decade. The equity-
bond premium is the difference between the ex ante equity
return and the ten-year Treasury vield,

The nominal ex ante equity return is estimated as a sum
of the dividend vield (proxied by a forward-looking earnings
yield times a constant assumed payout rate), expected long-run
real GDP growth rate, and expected inflation. The main raw
material is econormists’ consensus forecasts of next-decade aver-
age rcal GDP growth, inflation, and Treasury bill rates from the
seriannual Blue Chip Economic [ndicators survey.

Note that using the current Treasury bill yield in equity
preminm caleulations could be quite nusleading when short rates
are exceptionally low {or high) and expected to revert to nor-
mal levels, For example, the current three-month rate is near 2%,
swhile the expected next-decade average short rate is above 4%.

¥The theoretical argument is in the “Modigliani-Miller
spirit,” based on the idea that management retains 4 greater share
of carnings when it sees greater future profit opporrunities, The
empidcal finding that high retention rates predict low earmings
growth may reflect management’s exuberance or inefficient
empire building (sce Arnote and Asness [(2002]). Alternatively,
management may be concerned with dividend smoothing, and
will pay higher dividends only when it can afford {or dares) to
do so, given its expectation of strong future profit growth,

"In the DDM contexe, the equity market can be viewed
as 2 consol bond with a growing coupon rate. [t follows from sim-
ple algebra that the modified duration of equities is 1/{R — G),
which 1s just the inverse of the dividend yield. For /P of 2.5%,
this duration is 40, but this resule is model-dependent; recall that
the basic model assumes constane R and G, More generally,
equities really are long-duration assets, that is, very sensitive to
permaneit discount rate changes—and more 5o when dividend
vields are low.

"Arnott and Bemstein present the real dividend growth
rate COMPORCNE I Gwo parts: the predicted long-run growth
rate of GDP per capita, and the predicted dilution of dividend
growth versus GDP per capita growth.

"Our exercise follows in the same spirit as the Amore-
Bermstein study—trying to come up wirh reasonable views on
each of the DDM inputs (say, what long-term real growth rate
and what inflanon rate investors could have expected at the
time). There is sufficient uncertainty abour these inputs that both
sets of assumptions can be deemed plausible. Our assumptions
are deliberately uiore optimistic than those of Amott and Bern-
stein, o see how much expected returns mse if we add an
implicit adjustment for share buy-backs to dividend yields, and
if we use higher, but not outrageous, camings growth estinutes,

“Recall that D/P = (D/EYE/P). Since one-year trailing
earnings vields are volatile, we use smoother five-year average
carnings.

e do not use geometric averapes but rather a closely
related procedure proposed in Fama and French {2002]. We
reduce arithmenc averages by half the variance difference
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between the earnings growth rate and dividend growth rate.
ZThe simple approach we use captures both the past aver-
age as an anchor and the varying sensitivity of future expectations
to cugrent inflation; this sensitivity increased during the 20th cen-
tury once inflation became more persistent. We explored other
mflation forecasting models with vield and growth indicators, The
results were not robust, perhaps because forecasting decade~ahead
developments leaves us with few independent observations,
War-related inflations had nypically been temporary before
the First World War. More generally, inflation had not been
persistent in tbe past, so investors bad little reason to raise long-
run inflation expeciations sky-high (and would bave been nghe,
as a deflarion soon followed). The 5% cap actually may be too high,
given that the 1800s experienced nuld net deflation, and given
that bond vields stayed below 3% through the 1915-1918 peried.
**Qur proxy series and the consensus forecast are closely
related during the overlapping perod, and there is no large jump
when moving {rom one series to another.
ZAs we have noted, even these vields are subject to
debate about the unpact of share buy-backs on dividend vields
and abouwt the appropriate Treasury matunry. Qur current D/P

estimate of 3.0% in Exliibit 12 is especially high, virtually dou-

ble the raw number. This high level is partly offset in the
equity-bond prentum by our use of the 30-year Treasury vield
(1 percentage point higher than the 10-vear vield),

*Qur analysis ends in mid-2002, but even during the
third-quarter 2002 equity sell-off the dividend vield rose only 1o
2%. The long duration of equities means that feasible retumns rise
painfully slowly; a 153%-20% price decline nmuay increase the fea-
sible long-term retum by about 0.5 percentage point, Yer the 1%
fall m long-term Treasury yields in the third quarter had a greater
mpact on the equity-bond premium, mising our estimate 1o nearly
4 percentage points. Greater attractiveness versus bonds can ben-
efit equities in the near tenm, but a wide cushion does not make
the absolute level of feasible equity retum any higher. It is unclear
whether absolute or relative return prospects matter more.

Further disinflaton or yield declines are unlikely to boost
P/E ratios, because they Likely would reflect bad deflation, More-
over, there appears little chance that the late-1990s growth opti-
mistn, exuberant sentiment, and risk tolerance will reappear any
time soon. Observed empirical patterns (mean reversion, low
payout rates) point rather to lower P/E multiples in the future.
A cyclical uptum supported by easy monctary policy can of course
raise equity valuations and realized retums over a shorter horizon,

TSiegel [1999] and Carlson, Pelz, and Wohar [2002] review
these arguments. Jones [2002] provides specific evidence of falling
trading costs during the past century and notes that the gross ¢quity
premium may have fallen by 1 pereentage point as a result.
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Note

Biases in Arithmetic and Geometric
Averages as Estimates of Long-Run
Expected Returns and Risk Premia

Daniel C. Indro and Wayne Y. Lee

Daniel C. Indro is an Assistant
Professor of Finance and Wayne Y.
Lee is Firestone Professor of
Corporate Finance at Kent State
University.

B Consider an investment project with an average life
(duration) of N months. What rate should be used to
discount this project’s expected cash flows? In
particular, suppose the required return on the N-month
investment project is based on a market equity-risk
premium, that is, the difference between the future
expected return on the market index and the risk-free
rate of interest. Since risk premia are not constant
{Brigham, Shome, and Vinson, 1985; Harris, 1986;
Harris and Marston, 1992; Maddox, Pippert, and
Sullivan, 1995; and Brennan, 1997) and can depend on
the choice of measurement period, averaging method,
or portfolio weighting (Carleton and Lakonishok, 1985),
how should the historical monthly market return data
be used to compute the risk premium? In practice, the
arithmetic and geometric average of monthly returns
are used as a proxy for determining the future expected
N-month market return.!

We wish to thank Michael Hu, the Editors, and especially the
referee whose comments and suggestions greatly improved
the paper’s expositions. We are responsible for any remaining
errors.

!Alternatively, in deriving the cost of equity estimates, Harris
(1986) and Harris and Marston (1992) employ the Discounted
Cash Flow (DCF) model, which uses a consensus measure of
financial analysts’ forecasts of earnings growth as a proxy for
investor expectations. Although this alternative is appealing,
Timme and Eisemann (1989) caution that it requires a judicious
choice of the weight assigned to each forecast to construct

The empirically documented presence of negative autocorrelation in
long-horizon common stock returns magnifies the upward (downward)
bias inherent in the use of arithmetic (geometric) averages as estimates
of long-run expected returns and risk premia. Failure to account for this
autocorrelation can lead to incorrect project accept/reject decisions.
Through simulations, we show that a horizon-weighted average of the
arithmetic and geometric averages contains a smaller bias and is a more
efficient estimator of long-run expected returns.

Brealey and Myers (1991) argue that if monthly
returns are identically and independently distributed,
then the arithmetic average of monthly returns should
be used to estimate the long-run expected return.
However, the empirical evidence from Fama and French
(1988a, 1988b), Lo and MacKinlay (1988), and
Poterba and Summers (1988) suggests that there is
significant long-term negative autocorrelation in
equity returns and that historical monthly returns are
not independent draws from a stationary distribution.
Based on this evidence, Copeland, Koller, and Murrin
(1994) argue that the geometric average is a better
estimate of the long-run expected return. Thus, as
noted by Fama (1996), when expected returns are
autocorrelated, compounding a sequence of one-
period returns is problematic for project valuation.

In this paper, we examine the biases obtained by
using the arithmetic or geometric sample averages of
single-period returns to assess the long-run expected
rates of return when there is both a time-varying and
a stationary component in those returns. To do this,
we adopt the analytical framework outlined in Blume
(1974). We find that for long-run expected return and
risk premium, the arithmetic average produces an

the consensus forecast. Otherwise, the DCF model can
generate a risk-adjusted discount rate that contains estimation
risk and requires an adjustment such as that outlined in Butler
and Schachter (1989).
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estimate that is too high relative to the true mean,
and that the geometric average produces an estimate
that is too low. The magnitude of upward and
downward bias is proportional to the total variance
underlying the asset’s return, and to the length of
the investment horizon (N months) relative to the
length of the historical sample period (T2 N >1). In
addition, we confirm Blume’s finding that there are
significant biases associated with the use of the
arithmetic and geometric averages, even when returns
are independently and identically distributed each
period. Finally, simulation results show that the
horizon-weighted average of the arithmetic and
geometric averages proposed by Blume is less biased
and more efficient than alternative estimates.

I. The Bias in the Arithmetic and
Geometric Averages

Here, we describe the return generating process and
derive the biases in the arithmetic and geometric
averages.

A. Return Generating Process

Let R, denote a one-period total return over a time
interval of length dt. Specifically,

R =1+rdt=1+pdt+eVdt 8

where r dt is the net return for period t = 1,2,....,T; . dt
is the conditional mean, and the deviations from the
conditional mean, et\]Et are independently and
identically distributed over time with mean zero and
variance ©2 dt. Further, assume that the conditional
mean i dt is distributed as follows. For t = 1, the
conditional mean is

w,dt = pdt +m,Vdt )

where pdt is the unconditional mean. Fort=2,3,....,T,
the conditional mean follows a mean-reverting process
around the unconditional mean:

M,,,dt = pdt + p(udt - pdt) +m, Ve = (1 - p) pde
+ pudt +m Vdt = pdt + LLptn ndt (3)

where the single-period autocorrelation between
conditional means, p< 0, captures the time variation in
expected returns, and 1, Vdt are independently and
identically distributed random variables with mean zero
and variance Gg dt. From Equations (1) through (3) it
follows that

rdt=pdt +eVdt+ LipnVdt =pdt +vVdt (@)
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for all t. The return generating process described by
Equation (4) is consistent with that used by Fama and
French (1988a) to document significant negative
autocorrelations in long-horizon returns.? The
unconditional mean, E(rdt), is pdt. The unconditional
variance, Var(r dt), is [(1—p2T)/(1-p2)]c5,21 dt +oc2dtfora
finite T, and [1/(1-p2)]c5§dt +02dtas T — oo,

B. The Bias in the Arithmetic Average

From a sample of T observations, we compute the
arithmetic average, R 4 88

R, =1+1,dt=1+pdt+ T Tewdt 5)
and the estimated N-period return, R = (1 +r,dt)¥,
RY = (1+pdt+ T'E v Vdt)¥ ()

In addition, applying the expected value operators to
Equation (6) yields:

E(RY )= E(1 +pdt + T Iy Vde)¥ 7

Since (1 +udt + T'@L\/N&)N is a convex function of
T"Zilvt\]a, it follows by Jensen’s inequality that for
N > 1, the arithmetic average is biased upward:

ERY)> (1 +udt + E(T'E Ly Ndo)¥ > (1 +pdoN (8)

Further, by taking a Taylor series expansion of E (RY)
around (1 + pdt), the extent of the bias is given by:?

ERY) = (1 +pd)N (1 +M;—'1) (1 +udty? 0,2 dt]
+ O(dt?) 9

2Specifically, in Fama and French (1988a), p(t), the natural
log of a stock price at time t, is the sum of a random walk,
q(t), and a stationary component, z(t):

p®) = q(1) + z(1) and g(t) = q(t-1) + @ + &(®) (3a)
where | is expected drift and e(t) is white noise. z(t) follows a
first-order autoregression (AR1) process:

z(t) = oz(t-1) + n(t) (3b)
where w(t) is white noise and ¢ is less than 1. From Equations
(3a) and (3b), we compute a continuously compounded return:

p(t) - p(t-1) = {q(t) - q(t-1)] + [z(&} - z(t-1}]
= o+ &) + N + (§-Dz(t-1) (3c)
Through successive substitutions for z(-) from Equations (3b)
into (3c), the consistency between our formulation and that
of Fama and French (1988a) follows from a comparison of
Equations (3c¢) and (3).
SPerivations of the extent of biases in the arithmetic and
geometric averages are available from the authors on request.
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where O(dt?) denotes an order of no greater than
dt?, limO(dt?) — 0 as dt — 0. From Equation (5),
EVdt = T'Z¢ v Vdt, and

odt = E[(EVdt)’] = TA(To2dt + Zi(T - i)p¥c2dt)
+ TA(To2dt) = T(c2dt +6%dt)

+11(D) gregrar (10)

since by the mean value theorem there existsat, T>
7> 1 such that 2o (T - D)p¥= &, (T -i)p™

For p =0 and fixed N, it is clear that the estimator R’Z
is asymptotically unbiased and consistent as T — oo,
but for a finite and small T, is upward-biased for N > 1
by an amount proportional to the number of periods,
[N(N-1)/2], and variance, T"I(G: dt + oZdt).
Furthermore, for p < 0 and fixed N, the estimator R’:
- is asymptotically unbiased and consistent only for
N = 1. For N > 1, the amount of upward bias is
proportional to the number of periods, [N(N-1)/2],
and either the variance l/szTGf]dt for T — oo, or the
variance T'I(G;dt +02dt) + T"[(T+1)/2]p2‘cf]dt fora
finite and small T. Compounding the single-period
arithmetic return tends to produce an estimated long-
run return, and thus a risk premium, that is too high
relative to the true mean (1 + udt)®,

C. The Bias in the Geometric Average

From a sample of T observations, the geometric

average, RG, is computed as:
T ur
RG=(11=1R) (1)
and the estimated N-period return, Rg, as
NIT N
R2=(H,T=1R) =exp {:fzf;lln Rt} (12)

Hence, for a fixed N and T — oo, it is clear from Equation
{12) that

plimRY=exp {p lim %2,11 In Rt} =exp{NE[InR ]}

<exp {NIn[{ER)]} <1 +pudt) (13)
The geometric average is asymptotically biased
downwards and thus is an inconsistent estimator of
the long-run expected return.

To examine the bias for a fixed N and finite T, we
rewrite the geometric average as:

S TR
= [( 1 +pdo)T + {VVT (14)

where

¢Vt =TIL, (1 +pdt + vVdo) - (1 + pdo)” (15)
Taking the expectation of Equation (14) and a Taylor
series expansion around (1 + udt)Tyields:

ERY) = E[(1 +pdO)™+ {VAN = (1 +pdo)™
0 warreci (5

(1 +pd¥2T B(CVd)? + O(de?) (16)

where

E(GVdt) = (1+pd)y™[Z T2 5p™H]o2dt + O(dr)
17)

and
E(¢Vdt)? = (1+pdt)* ™[ T(c2dt + o2dt) + p*o2dt
ZLAT-Dpi+ 202dt21_,p2‘ DN JpT‘J]
+0(dt?) (18)
Observe that for p=0,

ERE) = (1 +pdo)™ {1 + (1 +pdty

Lty (T -1) [T(cdt

(19)

the geometric average is downward-biased for N < T
but unbiased as N — T. For p <0,

ERY) = (1+udt)”{l+( )(1+udt) [E(CVdL)
" (?-1)13(@@)2]}

By definition, E({Vdt)? = Var({Vdt) > 0, and it can be
shown that E({\dt) < 0 for p <0.* Hence, from Equation
(20), the geometric average is always biased downward
forp <0, even as N — T. It is also clear from Equation
(20) that an increase in the stationary variance ¢2dt
raises the magnitude of the downward bias. The
effect on the bias of changes in the parameters
governing the temporal variation in expected returns,
namely, p and cidt, is generally ambiguous. However,
when N— T,

(20)

E(RY) = (1 +pd™{1 + (1 +pdty[1 + (T - 2)plpo, dt
+0(pY)c 2dt} 1)

the downward bias at the limit is an increasing function
of p and ¢ *dt.

“The sketch of the proof is as follows. Let T = 5. Compute and
sum the five variances and ten covariances of V\f_ Examining
the covariance sum for p < 0 results in E(C_,\f“) < 0. The
general resuit is obtained by induction. The formal derivation
is available from the authors on request.
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Il. Simulation Results

We use simulations to assess the severity of the
biases in the arithmetic and geometric averages. In
addition, we present two other estimates of expected
return, as suggested in Blume (1974): a weighted
average and an overlapping average.

We calculate the weighted average as a horizon-
weighted average of the arithmetic and geometric
averages:

T-N g, NoLps

T-1 T-1
where the weights sum to one. When N=1, the
arithmetic average receives all the weight. AsN— T,
more weight is given to the geometric average.

We construct the overlapping average as follows.
We compute an N-period total return, T-N+1 in number,
by multiplying the first through the N* one-period total
returns together, the second through the (N+1)* one-
period returns together, and so on. We then average
the overlapped total returns.

To examine the empirical properties of each estimator,
we use the return generating process described in
Equation (3). For a benchmark monthly return, i = 0.01,
and alternative values of autocorrelations p =0, -0.05,
-0.25, we draw a total of 250,000 random values of g Vdt
and M t\/ dt from zero mean normal variates with
variances ranging from zero to 0.0081 for ¢? and zero
to 0.0045 for 62, respectively. We then partition the
250,000 returns into 1,000 samples of 250 observations
(T =250), and calculate the values of the four estimators
for horizons N = 12,24,60,84,120.

Table 1 presents the simulation results when the
autocorrelation and time-varying variance components
are absent, i.e.,p=0and Gﬁ = (. Simulation results in
the presence of both time-varying and stationary
variance as well as negative autocorrelation
components appear in Table 2 (p =-0.05) and Table 3 (p
=-0.25).

For the four estimators, the patterns of bias (direction
and magnitude) and efficiency (standard deviation or
the 0.05-0.95 fractile values) that appear in Table 1 are
similar to those found in Blume (1974). Notice from
Table 1 that for any investment horizon and stationary
variance, the geometric average is always biased
downward. For longer horizons N (=60,84,120), the
arithmetic average is upward-biased, regardless of the
stationary variance. For shorter horizons, N (=12,24),
the arithmetic average is downward-biased for a small
value of stationary variance, cﬁ (= 0.0036), but upward-
biased for a large value of stationary variance, cg (=
0.0081). For a small value of stationary variance, o (=
0.0036), the overlapping estimator is downward-biased
for any horizon, but for a large value of stationary

E(WN) = (22)
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variance, cz (=0.0081), the estimator is upward-biased
for shorter horizons, N (=12,24), and downward-biased
for longer horizons, N (=60,84,120). Finally, for any
horizon, the weighted average estimator is downward-
biased for a small value of stationary variance, Gz (=
0.0036),and upward-biased for a large value of
stationary variance, 62 (= 0.0081).

The magnitude of the bias is the largest for the
geometric average. In addition, observe that for the
smaller value of stationary variance, ©? (= 0.0036), the
arithmetic average has the least bias for shorter
horizons, N (= 12,24), and the overlapping average the
least bias for longer horizons, N (= 60,84,120). For the
large value of stationary variance, (Si (= 0.0081), and
any horizon, the weighted and overlapping averages
have less bias than the arithmetic and geometric
averages. Overall, the geometric average is the most
efficient estimator, and the overlapping average is the
least efficient. The weighted average is consistently
more efficient than the arithmetic and overlapping
averages.

If we compare both Panel A’s in Tables 1 and 2,
we see that the arithmetic and geometric averages
are more upward- and less downward-biased,
respectively, and that both averages are less
efficient. This represents the combined effect of a
small negative autocorrelation {p = -0.05) and time-
varying variance (o? = 0.0036),which is greater than
that of Gﬁ alone. Moreover, although the bias for all
estimators increases with N, the weighted average is
not only the least biased, but is also more efficient
than the overlapping average.

Similarly, if we compare Panels A and B of Table 2,
introducing ¢? (= 0.0045) to a small negative
autocorrelation (p = -0.05) and time-varying variance
(6?= 0.0036) magnifies the magnitude of bias for all
estimators. The overlapping average is the least biased,
but least efficient, estimator. The weighted average is
only slightly more biased, but is more efficient than
the overlapping average.

Finally, the relative impact of 67 and oZis evident
when we compare Panels B and C of Table 2. When <5121
> o2, the weighted average contains consistently
smaller biases than when cﬁ < o7, and its efficiency
improves as N increases. Although the overlapping
average is still the least biased, it is also the least
efficient estimator. The weighted average is only
slightly more biased, but is more efficient, than the
overlapping average.

In general, the direction and magnitude of the biases
reported in Table 2 are also observed in Table 3. In the
majority of the cases reported in Table 3, however, the
weighted average is the least biased of all estimators,
although this improvement is achieved at the expense
of efficiency. If we compare Panels A and C, we also
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Table 1. Simulation Results in the Absence of Autocorrelation and Time-Varying Variance,
p=0andc?=0

Monthly benchmark return is 1%. Horizon is stated in the number of months. Wt. Ave. is the horizon-weighted average
of the arithmetic and geometric averages. Overlap is the overlapping average.

Panel A. p=0, oj= 0,0%= 0.0036

Fractiles
Benchmk Standard

Estimator Horizon Return Average Error 0.05 0.50 0.95

Arithmetic 12 1.1268 1.1254 0.0507 1.0427 1.1246 1.2076
Geometric 1.1018 0.0499 1.0209 1.1013 1.1831
Wt. Ave. 1.1243 0.0507 1.0417 1.1237 1.2064
Overlap 1.1251 00516 1.0427 1.1248 12090
Arithmetic 24 12697 12691 0.1146 1.0872 12648 14582
Geometric 12165 0.1104 10422 12128 13998
Wt. Ave. 12640 0.1142 10831 12604 14526
Overlap 12657 0.1191 10786 12610 14682
Arithmetic 60 18167 1.8422 04198 12325 1.7990 25677
Geometric 16575 03796 1.1088 16198 23181
Wt. Ave. 1.7966 04098 12036 1.7567 25050
Overlap 18022 04725 1.1562 1.7383 26531
Arithmetic 84 23067 23858 0.7693 13400 221752 37442
Geometric 2.0580 06672 1.1556 19645 32448
Wt. Ave. 22719 0.7337 12796 2.1701 35650
Overlap 22851 0.8909 1.1991 2.1236 39425
Arithmetic 120 33004 35698 16822 15190 32362 65931
Geometric 28912 13714 12295 26239 53736
Wt. Ave. 32319 15270 13830 29328 59712
Overlap 32528 1.9440 12160 27965 68591

Panel B. p=0, o;,?: 0,6= 0.0081
Fractiles
Benchmk Standard

Estimator Horizon Return Average Error 0.05 0.50 0.95

Arithmetic 12 1.1268 1.1306 0.0760 1.0079 1.1284 12583
Geometric 10774 0.0730 0.9599 1.0745 12022
Wt. Ave. 1.1281 00758 1.0059 1.1261 12556
Overlap 1.1283 0.0780 1.0047 1.1260 1.2605
Arithmetic 24 12697 1.2839 0.1727 10159 12734 15833
Geometric 1.1662 0.1581 09214 1.1544 14452
Wt. Ave. 12726 0.1713 1.0071 12624 15697
Overlap 12703 0.1791 09944 12607 15759
Arithmetic 60 18167 19316 06610 1.0403 1.8298 3.1544
Geometric 15195 0.5241 08149 14320 25107
Wt. Ave. 1.8299 06269 09857 1.7356 29926
Overlap 1.8074 06846 08913 1.6954 3.1078
Arithmetic 84 23067 25929 12706 1.0569 23301 49944
Geometric 1.8540 09167 0.7508 16531 3.6284
Wt. Ave. 23363 1.1471 09532 2.1020 45182
Overlap 22787 12826 0.7824 2.0096 47529
Arithmetic 120 33004 4.1676 30671 10823 33482 99503
Geometric 25834 19241 0.6640 20506 63036
Wt. Ave. 33788 24961 08798 27156 8.1821
Overlap 3.2201 27834 06314 24351 87221
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Table 2. Simulation Results with a Small Autocorrelation p = -0.05

Monthly benchmark return is 1%. Horizon is stated in the number of months. Wt. Ave. is the horizon-weighted average
of the arithmetic and geometric averages. Overlap is the overlapping average.

Panel A. p= -0.05, azﬂ= 0.036 o’= 0

Fractiles
Benchmk Standard

Estimator Horizon Return Average Error 0.05 0.50 0.95

Arithmetic 12 1.1268 1.1269 00515 1.0446 1.1237 12166
Geometric 1.1032 0.0506 10246 1.1003 1.1917
Wt. Ave. 1.1258 0.0515 1.0437 1.1226 12156
Overlap 1.1236 0.0527 1.0383 1.1221 12165
Arithmetic 24 1.2697 12724 0.1171 1.0913 12627 14801
Geometric 1.2195 0.1125 1.0499 12107 14201
Wit. Ave. 12674 0.1167 10872 12574 14748
Overlap 12621 0.1216 1.0743 12546 1.4707
Arithmetic 60 1.8167 1.8556 04393 1.2440 1.7918 26651
Geometric 1.6687 03962 1.1294 16127 24032
Wt. Ave. 1.8095 04286 12159 1.7476 26018
Overlap 1.7869 04676 1.1393 17179 26344
Arithmetic 84 23067 24123 0.8214 13575 22626 39446
Geometric 20793 07102 1.1858 19524 34127
Wt. Ave. 22966 07826 1.2986 2.1572 37665
Overlap 22608 0.8839 {.1510 2.1064 40036
Arithmetic 120 33004 3.6361 1.8669 1.5475 32106 7.1027
Geometric 29415 15153 12756 2.6007 57753
Wt. Ave. 32902 1.6915 1.4119 29204 64632
Overlap 32330 19575 1.1754 2.7698 6.8499

Panel B. p= -0.05, 02”= 0.036, o*= 0.0045
Fractiles
Benchmk Standard

Estimator Horizon Return Average Error 0.05 0.50 0.95

Arithmetic 12 1.1268 1.1319 0.0748 1.0164 1.1283 12568
Geometric 1.0786 00720 09662 1.0763 1.1971
Wit. Ave. 1.1294 0.0747 10143 1.1259 12544
Overlap 1.1278 00771 1.0077 1.1238 1.2610
Arithmetic 24 1.2697 12867 0.1713 1.0331 12732 15796
Geometric 1.1686 0.1571 09335 1.1585 14330
Wt. Ave. 12754 0.1669 1.0239 12617 15668
Overlap 12720 0.1819 1.0056 12590 16056
Arithmetic 60 1.8167 19412 0.6685 1.0847 1.8290 3.1359
Geometric 1.5266 05307 08419 14446 24583
Wt. Ave. 1.8388 06343 1.0243 1.7300 29745
Overlap 18159 0.7385 09271 1.6760 3.1844
Arithmetic 84 23067 2.6111 13023 1.1206 23285 49536
Geometric 1.8663 09401 0.7859 16736 35227
Wt. Ave. 23524 1.1760 1.0025 2.0926 44684
Overlap 23005 14391 0.8698 1.9396 47906
Arithmetic 120 33004 42146 32132 1.1767 33451 98342
Geometric 2.6119 20128 0.7088 2.0869 6.0431
Wt. Ave. 34166 26141 09468 2.6988 79694
Overlap 33191 34287 07108 23538 8.5702
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Table 2. Simulation Results with a Small Autocorrelation p = -0.05 (Continued)
Panel C. p= -0.05, o’ = 0.0045 o’= 0.0036
Fractiles
Benchmk Standard

Estimator Horizon Return Average Error 0.05 0.50 0.95

Arithmetic 12 1.1268 1.1306 0.0749 1.0085 1.1289 1.2550
Geometric 10779 0.0720 09603 10771 1.1963
Wt. Ave. 1.1282 0.0747 1.0064 1.1265 12522
Overlap 1.1266 0.0779 09985 1.1242 12583
Arithmetic 24 12697 12839 0.1701 10172 12744 15750
Geometric 1.1670 0.1559 09223 1.1602 14312
Wt. Ave. 12727 0.1687 1.0084 1.2632 15609
Overlap 12689 0.1828 0.9850 1.2568 1.5954
Arithmetic 60 18167 19297 06472 1.0435 1.8333 3.1133
Geometric 15206 05141 08168 14500 24503
Wt. Ave. 1.8287 06141 09896 17368 29461
Overlap 18123 0.7192 0.8688 1.6657 3.1331
Arithmetic 84 23067 25865 12395 1.0614 23363 49036
Geometric 1.8538 0.8962 0.7533 1.6824 3.5067
Wt. Ave. 23320 1.1197 09580 2.1085 44085
Overlap 22913 13224 0.7811 19445 47278
Arithmetic 120 3.3004 4.1422 29827 1.0888 3.3611 9.6930
Geometric 25764 18779 06672 2.1m5 6.0039
Wt. Ave. 33626 24308 0.8854 27379 78210
Overlap 3.2489 2.8583 0.6348 23838 8.1933

Table 3. Simulation Results with a Large Autocorrelation p = -0.25

Monthly benchmark return is 1%. Horizon is stated in the number of months. Wt. Ave. is the horizon-weighted average

of the arithmetic and geometric averages. Overlap is the overlapping average.

Panel A. p= -0.25, 02”= 0.00108 of: 0.00252

Fractiles
Benchmk Standard

Estimator Horizon Return Average Error 0.05 0.50 0.95

Arithmetic 12 1.1268 1.1262 0.0487 1.0448 1.1266 12077
Geometric 1.1021 00478 1.0213 1.1024 1.1816
Wt. Ave. 1.1251 0.0486 1.0437 1.1254 1.2065
Overlap 1.1225 00494 1.0386 1.1221 1.2011
Arithmetic 24 12697 12708 0.1097 1.0915 12692 14585
Geometric 12169 0.1054 10431 12152 13962
Wt. Ave. 1.2656 0.1092 1.0869 1.2638 14527
Overlap 1.2603 0.1136 10728 1.2567 14536
Arithmetic 60 18167 1.8458 03996 1.2447 1.8149 2.5689
Geometric 1.6565 03602 1.1113 1.6280 23034
Wit. Ave. 1.7991 03898 12134 1.7704 25056
Overlap 1.7895 04342 1.1623 1.7311 2.5611
Arithmetic 84 23067 23891 0.7302 13586 23035 37467
Geometric 20536 0.6308 1.1592 19784 32159
Wt. Ave. 22726 0.6955 12935 2.1953 35686
Overlap 22606 0.7989 1.1846 2.1236 37313
Arithmetic 120 33004 35665 15918 1.5493 32937 65994
Geometric 28738 1.2908 12349 26504 53055
Wt. Ave. 32216 14415 13994 29794 59669
Overlap 32091 16643 1.1889 28265 64095
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Table 3. Simulation Results with a Large Autocorrelation p = -0.25 (Continued)

Panel B. p= -0.25, 0'2”= 0.000405 o= 0.007695

Fractiles
Benchmk Standard

Estimator Horizon Return Average Error 0.05 0.50 0.95

Arithmetic 12 1.1268 1.1299 0.0785 1.0006 1.1268 12676
Geometric 1.0768 00756 09512 1.0737 1.2076
Wt. Ave. 1.1275 0.0783 09980 1.1244 12646
Overlap 1.1264 0.0812 09936 1.1230 1.2652
Arithmetic 24 1.2697 1.2829 0.1789 1.0011 1.2696 1.6069
Geometric 1.1652 0.1643 09049 1.1528 14583
Wt. Ave. 12715 0.1775 09908 1.2584 15910
Overlap 12679 0.1898 09755 1.2511 1.5983
Arithmetic 60 18167 19326 0.6969 1.0028 18162 32732
Geometric 15208 05546 0.7788 14267 25679
Wt. Ave. 1.8309 06615 0.9445 1.7202 3.0817
Overlap 18186 0.7458 08661 1.6569 32862
Arithmetic 84 23067 26022 13673 1.0040 23058 52596
Geometric 1.8619 0.9902 0.7047 1.6447 3.7447
Wt. Ave. 23451 12358 0.8964 20758 46840
Overlap 23242 14276 0.7842 19571 5.1075
Arithmetic 120 33004 42200 34602 1.0057 32985 10.7135
Geometric 26200 2.1793 0.6066 20356 6.5943
Wt. Ave. 34233 28210 0.8030 26675 85390
Overlap 33601 3.1676 06356 23754 9.7576

Panel C. p= -0.25, 02”= 0.00243 o= 0.00567
Fractiles
Benchmk Standard

Estimator Horizon Return Average Error 0.05 0.50 0.95

Arithmetic 12 1.1268 1.1294 00721 1.0199 1.1252 12561
Geometric 1.0753 00694 09690 1.0721 1.1970
Wt. Ave. 1.1269 00719 10174 1.1225 12533
Overlap 1.1200 00738 1.0113 1.1146 12504
Arithmetic 24 12697 1.2808 0.1641 1.0403 12661 1.5779
Geometric 1.1611 0.1505 09390 1.1493 14329
Wi. Ave. 1.2693 0.1628 1.0296 12543 15632
Overlap 1.2529 0.1700 10132 12368 15553
Arithmetic 60 18167 19141 06252 1.1038 1.8038 3.1274
Geometric 14987 04957 0.8545 14161 24576
Wit. Ave. 18115 05930 1.0404 1.7044 29563
Overlap 17524 0.6358 09180 1.6407 29633
Arithmetic 84 23067 25532 1.1906 1.1483 22839 49347
Geometric 18140 0.8578 08024 16276 35213
Wi. Ave. 22965 10745 10309 2.0482 44316
Overlap 2.1744 1.1431 0.8366 19151 44332
Arithmetic 120 33004 40541 2.8088 12184 32539 9.7808
Geometric 24915 1.7562 0.7301 2.0054 6.0396
Wt. Ave. 32761 22832 09765 26212 7.8862
Overlap 29808 23220 06750 22822 75861
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Table 3. Simuiation Results with a Large Autocorrelation p = -0.25 (Continued)

Panel D. p= -0.25, azqz 0.0036 7= 0.0045

Fractiles
Benchmk Standard

Estimator Horizon Return Average Error 0.05 0.50 0.95

Arithmetic 12 1.1268 1.1275 0.0709 10146 1.1272 1.2492
Geometric 1.0730 0.0684 09633 1.0725 1.1877
Wt. Ave. 1.1250 0.0708 10125 1.1247 1.2467
Overlap 1.1158 00724 1.0008 1.1168 12410
Arithmetic 24 12697 12762 0.1605 1.0295 12705 1.5606
Geometric 1.1560 0.1474 09280 1.1503 14107
Wt. Ave. 12646 0.1592 1.0207 12593 1.5468
Overlap 12446 0.1662 0.9894 12401 1.5459
Arithmetic 60 18167 1.8947 0.6019 1.0754 18196 30423
Geometric 14809 04767 0.8296 14190 23638
Wt. Ave. 1.7925 05707 10183 1.7202 28760
Overlap 1.7249 06193 0.8986 1.6286 29045
Arithmetic 84 23067 25137 1.1352 1.1072 2.3119 47477
Geometric 1.7816 08146 0.7699 16323 33347
Wt. Ave. 22595 10233 09959 20773 42567
Overlap 2.1478 1.1423 08072 1.8783 44142
Arithmetic 120 33004 39518 2.6400 1.1565 33109 9.2557
Geometric 24201 16346 0.6883 20137 55876
Wt. Ave. 3.1891 2.1377 09301 26705 74157
Overlap 29632 23759 0.6444 22599 7.7379

observe that when G2and Gf‘ both increase by the same
proportion, the weighted average experiences a smaller
bias relative to the other three estimators. Furthermore,
we see from Panels B and C that a reduction in ¢? that
is offset by a corresponding increase in ci improves
the weighted average’s efficiency.

The effect of higher negative autocorrelation is
evident when we compare Panel D in Table 3 with Panel
B in Table 2. Even though we obtain a higher efficiency
for all estimators, a higher negative autocorrelation p
leads to a smaller bias in the arithmetic and weighted
averages, but a larger bias for the geometric and
overlapping averages. Moreover, although Table 3
shows that the weighted average is the second most
efficient estimator, it is overall the least biased when
negative autocorrelation, time-varying, and stationary
variance components are all present.

lll. Concluding Remarks

We show that both the arithmetic and geometric
averages are biased estimates of long-run expected
returns, and the bias increases with the length of the
investment horizons. The existence of negative

autocorrelation in long-horizon returns documented
by Fama and French (1988a, 1988b), Lo and MacKinlay
(1988), and Poterba and Summers (1988) exacerbates
the bias. The implication is that without making an
adjustment, we are likely to obtain an estimate of long-
run expected return (and risk premium) that is either
too high or too low, and this can result in an
inappropriate decision to reject a good project or accept
a bad project.

The horizon-weighted average of the arithmetic and
geometric averages, proposed by Blume (1974), is an
alternative estimate of long-run expected returns. Our
simulation results indicate that in general, the horizon-
weighted average contains the least bias. It is also
more efficient than other estimators in the presence of
negative autocorrelation, time-varying, and stationary
variances. This conclusion contrasts with Blume’s
conjecture that “...if one cannot assume independence
of successive one-period relatives or if there is even a
slight chance that these relatives are dependent, the
simple average of N-period relatives would appear
preferable to the nonlinear estimators which, even
under ideal conditions, yield only a modest increase
in efficiency.” B
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« Our team at Invesco Investment Solutions remains quite positive on our
long-term capital market assumptions (CMAs). Most of the 170+ assets we
cover are expected to return more in the coming decade than the last decade.

« As central banks have begun to unwind years of excess liquidity through
quantitative tightening and rapid rate hikes, only one thing is certain, cash has
become more valuable. Investors can now be prudent in their risk taking and, in
nominal terms, the risk-free rate actually returns something for savers.

« Fixed income assets, particularly long duration government bonds, have
corrected meaningfully in 2022, and while major economies have yet to register
a technical recession, cash flows have been discounted by higher interest rates

Executive resulting in drawdowns within overvalued portions of equity markets.

Summary

Figure 1: Expectations relative to historical average (USD)
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Invesco Investment Solutions Source: Invesco, estimates as of September 30, 2022. Proxies listed in Figure 8. These estimates are
provides forecasts for 170+ assets forward-looking, are not guarantees, and they involve risks, uncertainties, and assumptions. Please see

page 9 for information about our CMA methodology. These estimates reflect the views of Invesco Investment

in over 20 currencies, including
Solutions, the views of other investment teams at Invesco may differ from those presented here.

10 private assets. For additional CMA
data, views, or analysis, please reach
out to your Invesco representative.
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Strategic perspective

2022 has been a year for the record books, at least for most investor’s professional
careers, and not in a good way. Since 1928, we have yet to register a year in

which both equities and long duration treasuries experience double digit declines
simultaneously. It is not an exaggeration to say that even moderate investors have
had one of worst calendar year investment periods, ever. And after accounting

for persistently high inflation, 2022 may be the worst year the 60/40 portfolio has
ever seen. At least the simple mix of assets had little exposure to meme stocks or
cryptocurrencies.

How did we get here? Rampant inflation from reopening stimulus and supply
shocks have been a thorn in the side of policy makers. As central banks have begun
to unwind years of excess liquidity through quantitative tightening and rapid rate
hikes, only one thing is certain, cash has become more valuable. Investors can now
be prudent in their risk taking and the risk-free rate actually returns something for
savers. Fixed income assets, particularly long duration government bonds, have
corrected meaningfully, and while major economies have yet to register a technical
recession, cash flows have been discounted by higher interest rates resulting in
drawdowns within overvalued portions of equity markets. Outside of the US, growth
prospects have been diminished in other regions due to COVID-lockdowns, food
and energy crises, and the war in the Ukraine. It has been a long time since a global
60/40 has looked this attractive on a forward-looking basis.

Figure 2: Historical returns for the 60/40 have fallen amid recent selloff while expected
returns are improving (USD)

20 Return(%) Risk(%)
W Historical 60/40 75 9.8
A Expected 60/40 6.4 10.2
15
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Source: Invesco Investment Solutions, as of September 30, 2022. Proxies listed in Figure 8. These estimates
are forward-looking, are not guarantees, and they involve risks, uncertainties, and assumptions. Please see
page 9 for information about our CMA methodology. These estimates reflect the views of Invesco Investment
Solutions, the views of other investment teams at Invesco may differ from those presented here. The 60/40
Portfolio is a blend of 60% S&P 500 Index and 40% Bloomberg Barclays US Aggregate Index.

Despite most forecasters predicting a recession in 2023 due to the lagged effects
of rate hikes, our team at Invesco Investment Solutions remains quite positive on
our long-term capital market assumptions (CMAs). Most of the 170+ assets we cover
are expected to return more in the coming decade than the last decade. This is a
dramatic shift felt throughout the CMAs and particularly within fixed income. While
our goal is not to predict when the next business cycle will begin, when examining
the spread of our shorter-term forecasts (5 years) and longer-term ones (10 years),
cyclical assets tied with an accelerating economy like broadly syndicated loans,
small cap equities, value factor-oriented strategies, and emerging markets (EM)
seem to be front-loading returns, an indication that growth prospects may be
positive going forward. We anticipate sharpe ratios of portfolios will increase and
the value of diversification will return as correlations between assets normalize.



3Q22 CMA Observations (10Y, USD):

Equities: Nominal growth is very high, and earnings have not yet collapsed but are
expected to moderate. Thus far in 2022, inflation has been a life raft for nominal
earnings but when the support of inflation recedes we expect nominal earnings to
struggle in the short term. However, our global equity CMAs are still approaching
8% nominal returns with some assets, like US small caps and EM equities are close
to 10%. Developed market (DM) equity CMAs outside of the US continue to lag due
to a challenging growth environment and we have manually adjusted the earnings
growth building block of our forecast down for these regions due to persistent
issues stemming from the war in the Ukraine. Quarter over quarter, the largest shift
in expected return has been in our currency adjustment building block as countries
begin to normalize their interest rates. Year over year, the largest detractor to our
equity CMAs has been the earnings growth component as a period of high growth
is expected to slow.

Fixed Income: Sharpe ratios of fixed income assets typically hover around 1, while
equity assets are on average closer to .5. Artificially low interest rates over the
past few years created an investment environment where the opposite was true.
Today's Sharpe ratios are closer to normal, providing opportunities for multi-asset
investors to increase allocations to fixed income instruments. US Treasury CMAs are
4%, a 2.5% increase over the past year. The forecasts for most fixed income assets
have improved as current yields have risen. Expected yields are slightly lower than
present yield curves resulting in an improvement to valuation change, however
curves are flatter and thus detracting from roll return. Credit assets like loans and
high yield are up almost 5% this past year as higher credit spreads are anticipated
to revert to their long-term average.

Alternatives: Private market CMAs have been mixed this past year as interest rate
sensitive assets like core real estate have suffered, going from 12.7% last year to
around 9%, while shorter duration private credit has improved to 12.5% for our
levered first lien forecast. Private assets remain a strategic decision based on
liquidity needs and investor goals, be it improved returns, enhanced income, or
diversification.

Strategic Asset Allocation Trends:

Figure 3: 2022 Q3 SAA Rebalance (USD)
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Source: Invesco Investment Solutions, as of September 30, 2022. Proxies listed in Figure 8. These estimates
reflect the views of Invesco Investment Solutions, the views of other investment teams at Invesco may differ
from those presented here. References to overweights and underweights are relative to a 60% global equity
and 40% global aggregate fixed income benchmark.

« Portfolio level: Compared to a global 80/40 benchmark, our strategic portfolio
(5-10Y) is slightly overweight fixed income relative to equities.

« Within equities: We are overweight EM and US large cap equities while
underweight DM ex-US equities. We have further reduced our exposure in DM
ex-US equities amid growth concerns.

« Within fixed income: Presently overweight both treasuries and risky credit.
Presently we have a neutral duration compared to our benchmark and have
recently added to short term treasuries.
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Figure 4: 10-year asset class expectations (USD)
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Source: Invesco, estimates as of September 30, 2022. Proxies listed in Figure 8. These estimates are
forward-looking, are not guarantees, and they involve risks, uncertainties, and assumptions. Please

see page 9 for information about our CMA methodology. These estimates reflect the views of Invesco
Investment Solutions, the views of other investment teams at Invesco may differ from those presented here.
Performance, whether actual or simulated, does not guarantee future results.
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Figure 5: CMA difference: 5-year minus 10-year assumptions (USD)
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Source: Invesco, estimates as of September 30, 2022. Proxies listed in Figure 8. These estimates are
forward-looking, are not guarantees, and they involve risks, uncertainties, and assumptions. Please

see page 9 for information about our CMA methodology. These estimates reflect the views of Invesco
Investment Solutions, the views of other investment teams at Invesco may differ from those presented here.
Performance, whether actual or simulated, does not guarantee future results.



Figure 6a: Equity CMA and building block contribution (USD) (%)
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Source: Invesco, estimates as of September 30, 2022. Proxies listed in Figure 8. These estimates are forward-looking, are not guarantees, and they involve risks,
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Figure 7a: Fixed income CMA and building block contribution (USD) (%)
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Source: Invesco, estimates as of September 30, 2022. Proxies listed in Figure 8. These estimates are forward-looking, are not guarantees, and they involve risks,
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the views of other investment teams at Invesco may differ from those presented here. Performance, whether actual or simulated, does not guarantee

future results.



Figure 8: 10-year asset class expected returns, risk, and return-to-risk (USD)
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return return Yield risk to risk
Asset class Index % % % % ratio
US Tsy Short BBG US Tsy Short 3.7 3.7 3.5 1.5 2.44
Us Tsy IM BBG US Tsy IM 41 4.2 4.2 4.6 0.91
US Tsy Long BBG US Tsy Long 3.0 3.7 4.0 121 0.30
US TIPS BBG US TIPS 4.4 4.5 4.5 5.8 0.78
US Broadly Synd. Loans CSFB Leverage Loan 8.9 9.2 9.8 8.3 m
USs Agg BBG US Agg 4.4 4.5 4.8 61 0.74
US IG Corp BBG US IG 4.9 5.2 5.7 7.8 0.67
Us MBS BBG US MBS 4.7 4.9 4.8 6.7 0.74
US Preferred Stocks BOA ML Fixed Rate Pref Securities 5.2 5.9 6.9 12.4 0.48
US HY Corps BBG US HY 7.8 8.3 9.7 10.2 0.81
US Muni BOA ML US Muni 4.0 4.2 41 7.0 0.60
US Muni (Taxable) ICE BOA US Taxable Muni Securities Plus 4.6 4.9 5.2 8.1 0.60
US HY Muni BBG Muni Bond HY 3.9 4.3 6.0 8.7 0.49
Global Agg BBG Global Agg 4.3 4.5 4.6 7.2 0.63
Global Agg ex-US BBG Global Agg ex-US 4.2 4.7 4.6 10.5 0.45
Global Tsy BBG Global Tsy 4.2 4.5 4.3 8.6 0.52
Global Sov BBG Global Sov 4.5 4.8 5.2 8.0 0.59
Global Corp BBG Global Corp 5.0 5.3 5.8 8.0 0.66
Global IG BBG Global Corp IG 5.0 5.4 5.9 8.2 0.65
Eurozone Corp BBG Euro Agg Credit Corp 5.2 6.1 5.9 13.5 0.45
Eurozone Tsy BBG Euro Agg Gov Tsy 4.3 51 4.4 12.8 0.40
Asian Dollar IG BOA MLACIG 51 5.4 5.8 8.3 0.65
EM Agg BBG EM Agg 6.8 7.6 8.2 13.2 0.57
EM Agg IG BBG EM USD Agg IG 4.9 5.2 5.8 8.9 0.59
China Policy Bk & Tsy BBG China PB Tsy TR 4.2 4.2 3.6 4.3 0.98
China RMB Credit BBG China Corporate 4.6 4.6 41 3.8 1.24
Global Equity MSCI ACWI 7.9 9.2 3.5 17.2 0.54
Global ex-US Equity MSCI ACWI ex-US 8.2 9.8 4.2 19.0 0.52
US Broad Market Russell 3000 7.9 9.3 3.0 17.7 0.53
US Large Cap S&P 500 77 9.0 3.0 16.9 0.53
US Mid Cap Russell Midcap 8.5 10.3 2.9 19.7 0.52
US Small Cap Russell 2000 10.0 12.3 2.4 23.0 0.54
EAFE Equity MSCI EAFE 7.6 9.2 4.9 18.7 0.49
Europe Equity MSCI Europe 7.8 9.4 4.5 18.9 0.50
Eurozone Equity MSCI Euro ex-UK 7.9 9.7 4.8 19.9 0.49
UK Large Cap FTSE 100 7.3 9.1 3.7 201 0.45
UK Small Cap FTSE Small Cap UK 8.7 1.6 3.2 25.9 0.45
Canada Equity S&P TSX 7.2 91 3.6 20.4 0.44
Japan Equity MSCI JP 6.5 8.8 6.2 22.5 0.39
EM Equity MSCI EM 9.7 12.4 2.9 251 0.50
APAC ex-JP MSCI APXJ 9.2 1.9 2.7 25.2 0.47
China Large Cap CS1300 9.3 14.3 3.4 34.7 o.M
US REITs FTSE NAREIT Equity 6.9 8.6 4.0 19.0 0.45

M Global REITs FTSE EPRA/NAREIT Developed 6.8 8.5 4.7 19.0 0.44
iy HFRI Hedge Funds HFRI HF 6.4 6.8 8.7 0.78

GS Commodities S&P GSCI 8.4 10.9 23.9 0.46
Agriculture S&P GSCI Agriculture 4.0 6.1 21.5 0.28
Energy S&P GSCI Energy 1.2 16.7 371 0.45
Industrial Metals S&P GSClI Industrial Metals 7.5 101 24.2 0.42
Precious Metals S&P GSCI Precious Metals 5.3 6.9 18.5 0.37

Source: Invesco, estimates as of September 30, 2022. These estimates are forward-looking, are not guarantees, and they involve risks, uncertainties, and
assumptions. Please see page 9 for information about our CMA methodology. These estimates reflect the views of Invesco Investment Solutions, the views of other
investment teams at Invesco may differ from those presented here. Agg = Aggregate, Infra = Infrastructure, Corp = Corporate, DJ = Dow Jones, HY = High Yield,
Muni = Municipals, Tsy = Treasury, IM = Intermediate, ML = Merrill Lynch, Sov = Sovereign, EM = Emerging Markets, 1G = Investment Grade, APAC = Asia Pacific,

Gov = Government, MBS = Mortgage Backed Securities, TIPS = Treasury Inflation Protected Securities.
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Figure 9: 10-year correlations (USD)
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uncertainties, and assumptions. Please see page 9 for information about our CMA methodology. These estimates reflect the views of Invesco Investment Solutions,
the views of other investment teams at Invesco may differ from those presented here.

Alternatives



"

About our capital market
assumptions methodology

We employ a fundamentally based
“building block” approach to
estimating asset class returns.
Estimates for income and capital
gain components of returns for
each asset class are informed by
fundamental and historical data.
Components are then combined
to establish estimated returns
(Figure 10). Here we provide a
summary of key elements of the
methodology used to produce

our long-term (10-year) estimates.
Five-year assumptions are also
available upon request. Please see
Invesco’s capital market assumption
methodology whitepaper for more
detail.

Figure 10: Our building block approach to estimating returns
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For illustrative purposes only.

Fixed income returns are composed of:

« Average yield: The average of the starting (initial) yield and the expected yield
for bonds.

« Valuation change (yield curve): Estimated changes in valuation given changes in
the Treasury yield curve.

« Roll return: Reflects the impact on the price of bonds that are held over time.
Given a positively sloped yield curve, a bond’s price will be positively impacted
as interest payments remain fixed but time to maturity decreases.

« Credit adjustment: Estimated potential impact on returns from credit rating
downgrades and defaults.

Equity returns are composed of:
« Dividend yield: Dividend per share divided by price per share.

« Buyback yield: Percentage change in shares outstanding resulting from
companies buying back or issuing shares.

« Valuation change: The expected change in value given the current Price/Earnings
(P/E) ratio and the assumption of reversion to the long-term average P/E ratio.

« Long-term (LT) earnings growth: The estimated rate in the growth of earnings
based on the long-term average real GDP per capita and inflation.

Currency adjustments are based on the theory of Interest Rate Parity (IRP) which
suggests a strong relationship between interest rates and the spot and forward
exchange rates between two given currencies. Interest rate parity theory assumes
that no arbitrage opportunities exist in foreign exchange markets. It is based on the
notion that, over the long term, investors will be indifferent between varying rate of
returns on deposits in different currencies because any excess return on deposits
will be offset by changes in the relative value of currencies.

Volatility estimates for the different asset classes, we use rolling historical quarterly
returns of various market benchmarks. Given that benchmarks have differing histories
within and across asset classes, we normalise the volatility estimates of shorter-lived
benchmarks to ensure that all series are measured over similar time periods.

Correlation estimates are calculated using trailing 20 years of monthly returns.
Given that recent asset class correlations could have a more meaningful effect
on future observations, we place greater weight on more recent observations by
applying a 10-year half-life to the time series in our calculation.

Arithmetic versus geometric returns. Our building block methodology produces
estimates of geometric (compound) asset class returns. However, standard mean-
variance portfolio optimisation requires return inputs to be provided in arithmetic
rather than in geometric terms. This is because the arithmetic mean of a weighted
sum (e.g., a portfolio) is the weighted sum of the arithmetic means (of portfolio
constituents). This does not hold for geometric returns. Accordingly, we translate
geometric estimates into arithmetic terms. We provide both arithmetic returns and
geometric returns given that the former informs the optimisation process regarding
expected outcomes, while the latter informs the investor about the rate at which
asset classes might be expected to grow wealth over the long run.
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Invesco Investment Solutions is an experienced multi-asset team that seeks to
deliver desired client outcomes using Invesco’s global capabilities, scale and
infrastructure. We partner with you to fully understand your goals and harness
strategies across Invesco’s global spectrum of active, passive, factor and alternative
investments that address your unique needs. From robust research and analysis

to bespoke investment solutions, our team brings insight and innovation to your
portfolio construction process. Our approach starts with a complete understanding
of your needs:

«  We help support better investment outcomes by delivering insightful and
thorough analytics.

« By putting analytics into practice, we develop investment approaches specific to
your needs.

«  We work as an extension of your team to engage across functions and implement
solutions.

The foundation of the team’s process is the development of capital market
assumptions — long-term forecasts for the behavior of different asset classes. Their
expectations for returns, volatility, and correlation serve as guidelines for long-term,
strategic asset allocation decisions.

Assisting clients in North America, Europe and Asia, Invesco’s Investment Solutions
team consists of over 75 professionals, with 20+ years of experience across the
leadership team. The team benefits from Invesco’s on-the-ground presence in 25
countries worldwide, with over 150 professionals to support investment selection
and ongoing monitoring.
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Investment risks

The value of investments and any income will fluctuate (this may partly be the
result of exchange rate fluctuations) and investors may not get back the full amount
invested.

Invesco Investment Solutions develops CMAs that provide long-term estimates for
the behavior of major asset classes globally. The team is dedicated to designing
outcome-oriented, multi-asset portfolios that meet the specific goals of investors.
The assumptions, which are based on 5- and 10-year investment time horizons, are
intended to guide these strategic asset class allocations. For each selected asset
class, we develop assumptions for estimated return, estimated standard deviation
of return (volatility), and estimated correlation with other asset classes. This
information is not intended as a recommendation to invest in a specific asset class
or strategy, or as a promise of future performance. Estimated returns are subject to
uncertainty and error, and can be conditional on economic scenarios. In the event
a particular scenario comes to pass, actual returns could be significantly higher or
lower than these estimates.
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Important information

Unless otherwise stated, all information is sourced from Invesco, in USD and as of
September 30, 2022.

This document is intended only for profesional investors in Hong Kong, for
Institutional Investors and/or Accredited Investors in Singapore, for certain specific
sovereign wealth funds and/or Qualified Domestic Institutional Investors approved
by local regulators only in the People's Republic of China, for certain specific
Qualified Institutions and/or Sophisticated Investors only in Taiwan, for Qualified
Professional Investors in Korea, for certain specific institutional investors in Brunei,
for Qualified Institutional Investors and/or certain specific institutional investors in
Thailand, for certain specific institutional investors in Malaysia upon request, for
certain specific institutional investors in Indonesia and for qualified buyers in
Philippines for informational purposes only. This document is not an offering of a
financial product and should not be distributed to retail clients who are resident in
jurisdiction where its distribution is not authorized or is unlawful. Circulation,
disclosure, or dissemination of all or any part of this document to any unauthorized
person is prohibited.

This document may contain statements that are not purely historical in nature but
are "forward-looking statements," which are based on certain assumptions of future
events. Forward-looking statements are based on information available on the date
hereof, and Invesco does not assume any duty to update any forward-looking
statement. Actual events may differ from those assumed. There can be no
assurance that forward-looking statements, including any projected returns, will
materialize or that actual market conditions and/or performance results will not be
materially different or worse than those presented.

All material presented is compiled from sources believed to be reliable and current,
but accuracy cannot be guaranteed. Investment involves risk. Please review all
financial material carefully before investing. The opinions expressed are based on
current market conditions and are subject to change without notice. These opinions
may differ from those of other Invesco investment professionals.

The distribution and offering of this document in certain jurisdictions may be
restricted by law. Persons into whose possession this marketing material may come
are required to inform themselves about and to comply with any relevant
restrictions. This does not constitute an offer or solicitation by anyone in any
jurisdiction in which such an offer is not authorised or to any person to whom it is
unlawful to make such an offer or solicitation.

This document is issued in the following countries:

¢ in Hong Kong by Invesco Hong Kong Limited SRIEREBEIEAIRAT], 41/F,
Champion Tower, Three Garden Road, Central, Hong Kong.

¢ in Singapore by Invesco Asset Management Singapore Ltd, 9 Raffles Place,
#18-01 Republic Plaza, Singapore 048619.

e in Taiwan by Invesco Taiwan Limited, 22F, No.1, Songzhi Road, Taipei 11047,
Taiwan (0800-045-066). Invesco Taiwan Limited is operated and managed
independently.
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Economic Profit vs. Accounting Profit: An Overview

Profit is one of the most widely watched financial metrics in evaluating the financial health of a
company. It is the financial gain or revenue generated from any business or investment activity
in excess of any expenses, taxes, and any other costs. However, economic profits and
accounting profits are two types of profits. Economic profit refers to total revenue from sales
minus opportunity costs from all inputs. Accounting profit, on the other hand, represents the
total earnings of a company, which includes explicit costs.

KEY TAKEAWAYS

o Profit is the financial metric that indicates an entity's financial gain or revenue from any
business or investment activity.

e Economic profit is money earned after taking explicit and implicit costs into account.

e Accounting profit is the net income for a company or revenue minus expenses.

e You can determine economic profit by subtracting total costs from a company or
investment's total revenue or return.

o Companies report their accounting profits to investors on their income statements and to
the IRS for tax purposes.

Economic Profit

Economic profit is a form of profit that is derived from producing goods and services
while factoring in the alternative uses of a company's resources. It deducts explicit costs from




revenue and includes the opportunity costs incurred during that period of time. Implicit costs,
which are typically the costs of a company's resources, are also part of the equation.

You can calculate economic profit as long as you know the total amount of revenue earned and
the total cost involved using the following formula:

Economic Profit = Total Revenue - (Total Explicit Costs + Total Implicit Costs)

For example, the implicit costs could be the market price a company could sell a natural
resource for versus using that resource. A paper company owns a forest of trees. They cut down
trees and create paper products. Their implicit costs are the timber, which they could sell for
market prices.

Here's another way to think about it. A company may choose Project A over Project B. The
profit from Project A after deducting expenses and costs would be the accounting profit. The
economic profit would include the opportunity cost of choosing Project A versus Project B. In
other words; the economic profit would consider how much more or less profit would have been
generated (by using the company's resources) had management chosen Project B.

Economic profit is based on theoretical principles while accounting profit uses accounting
principles. As such, accounting profit is the true form of profitability while economic profit is
derived from assumptions and estimates.

Accounting Profit

Accounting profit is also known as a company's earned profit, net income, or bottom line.
Unlike economic profit, accounting profit is reported on a company's income statement. It's the
profit earned after various costs and expenses are subtracted from total revenue or total sales, as
stipulated by generally accepted accounting principles (GAAP). Those costs include:

o Labor costs, such as wages and salaries
e Any inventory needed for production

o Raw materials

o Transportation and storage costs

e Production costs and overhead

e Sales and marketing costs

Accounting profit is the amount of money left over after deducting the explicit costs of running
the business. Explicit costs are merely the specific amounts that a company pays for those costs
in that period—for example, wages. Typically, accounting profit or net income is reported on a
quarterly and annual basis and is used to measure the financial performance of a company.

Key Differences



Economic profit is more of a theoretical calculation based on alternative actions that could have
been taken. Accounting profit, on the other hand, calculates what actually occurred and the
measurable results for the period.

Here's another way to think about it. Accounting profit is the profit after subtracting explicit
costs (such as wages and rents). Economic profit includes explicit costs as well as implicit costs
(what the company gives up to pursue a certain path). As such, accounting profit represents a
company's true profitability while economic profit is indicative of its efficiency.

Companies are only required to report one form of profit to the Internal Revenue Service (IRS)
for tax purposes: accounting profit. Economic profit is generally only meant for internal uses.
For instance, businesses can use it to determine whether to enter or stay in a particular market.
Economic profit also shows how efficiently companies are operating, including whether they're
allocating their resources to the best of their ability.

Major Differences Between Economic Profit and Accounting Profit

Economic Profit Accounting Profit

Earnings after deducting explicit and implicit costs Earnings after deducting explicit costs of

from total revenue running a business

Derived from assumptions and estimates Measurable and calculated as per GAAP

Not reported Reported on corporate income statements
and to the IRS

Economic Profit vs. Accounting Profit Example

Let's use a hypothetical example to show how economic and accounting principles work in the
corporate world. Remember that economic profit is based on estimates and assumptions while
accounting profit is the figure that companies report for tax purposes and to investors.

Accounting profits are easy to determine since we already know that this figure can be found on
a company's income statement. As noted above, it is reported as a company's net income. For
instance, NVIDIA (NVDA) reported total net income or accounting profit of $9,75 billion for
the 2022 fiscal year compared to the $4.33 billion it earned in 2021.1

Now let's take a look at an example of economic profit. Unlike accounting profit, you can't get
this figure from a corporate financial or income statement. Instead, it requires some calculation.
Let's say a company earns revenue of $10,000 on sales of stuffed animals. Explicit costs amount
to $5,000. In addition, the company could have produced a different product; by foregoing that
opportunity, it declined $2,000 of income. Using the formula above, we can determine that the
economic profit of producing these toys is $3,000 ($10,000 - $5,000 - $2,000). The $2,000 is
included as an implicit cost that is otherwise not recorded on the financial statements.

What Is the Difference Between Zero Accounting Profit and Zero Economic Profit?

Zero economic profit is also known as normal profit. Like economic profit, this figure also
accounts for explicit and implicit costs. When a company makes a normal profit, its costs are



equal to its revenue, resulting in no economic profit. Competitive companies whose total
expenses are covered by their total revenue end up earning zero economic profit. Zero
accounting profit, though, means that a company is running at a loss. This means that its
expenses are higher than its revenue.

How Do You Calculate Economic Profit?

In order to calculate economic profit, add together both explicit and implicit costs. Then
subtract that figure from the total amount of revenue earned. Explicit costs include wages,
leases, utilities, and the cost of raw materials while implicit costs include any opportunity costs,
such as the loss of interest on an investment.

How Do You Calculate Accounting Profit?

You can calculate accounting profit by subtracting explicit costs or expenses from the total
amount of revenue earned. Explicit costs include things like raw materials, wages, lease
payments, and utilities. Management calculates accounting profit as part of its financial
statements, though it may use different approaches for internal analysis.

Is Accounting Profit More Than Economic Profit?

In most cases, accounting profit will be more than economic profit. This is because companies
often incur opportunity cost for activities foregone in favor of other activities. For example,
imagine a company has $100,000 to invest. If it declines one opportunity for another, the
potential income from the declined opportunity is factored into economic profit but not
accounting profit. In other words, accounting profit usually has less expenses, though it is
possible for an opportunity cost to be a cost avoidance measurement that results in lower
accounting profit.

Why Is Economic Profit Better Than Accounting Profit?

Economic profit may be seen as better than accounting profit because it is not restricted by
accounting rules. Economic profit reflects all of the decisions of a company, regardless of
whether they comply with GAAP or IFRS. Economic profit considers decisions not made or
choices foregone, so it is a broader, more encompassing depiction of the positioning of a
company.

The Bottom Line

There are a few ways to calculate profit. Most analysts use accounting profit which reflects the
revenue less expenses of a company based on accounting rules. These costs are often explicitly
defined. On the other hand, economic profit incorporates implicit costs that sometimes not
recorded on a general ledger but still impact the net profitability of a decision.
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Economists Got the Decade All Wrong.
They’re Trying to Figure Out Why.

The U.S. has enjoyed its longest economic expansion on record without triggering inflation as interest
rates remain historically low

Subdued growth and low interest rates have been part of the mix in the longest economic expansion on record for the U.S.
PHOTO: RON ANTONELLI/BLOOMBERG NEWS

By GregIp
Dec.14,20191:00 pm ET

In the fall of 2009, the global financial crisis had only just ended, and interest rates were a mere
0.1%. Peering ahead, economists assumed the recovery would resemble previous recoveries,

though a tad slower, and thus rates would start rising the next year and plateau at 4.2% by 2015.

But by the fall of 2010, rates hadn’t budged. Like Charlie Brown taking another run at the
football, economists gamely made the same forecast that year, and the year after that and the
year after that. Rates remained stuck near zero until 2015, a stretch of free money unseen since
the 1940s.

When rates started to rise, they didn’t come close to levels once considered normal, ending the
decade between 1.5% and 1.75%. Private-sector economists now expect them to average 2.4%
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they might have guessed high again: Ten-year Treasury note yields are just 1.8%—roughly zero,
adjusted for inflation.

How could economists have gotten something so basic so spectacularly wrong? What was it
about this past decade that made all their predictions go awry?

Fed Chairman Jerome Powell and former chairmen Janet Yellen and Ben Bernanke. The financial crisis was followed by a stretch
of free money unseen since the 1940s. PHOTO: JESSICA MCGOWAN/GETTY IMAGES

Economists have been casting

around for the answer, a theory to

. explain their inability to peer

WsJ ‘G&g accurately into the months ahead,

let alone the years. Such a theory

o R — ‘ ) must do more than say “The
Federal Reserve did it.” It must
explain why growth was the most
subdued of any expansion since the
1940s and inflation consistently ran
below the Fed’s 2% target, the
reasons the Fed kept rates so low.
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wi*  Decade in Review: The Economy

And, no less difficult, it would have to explain why, in spite of that subdued growth, the U.S. has
enjoyed its longest economic expansion on record, one marked by a record-breaking bull
market in stocks and unemployment falling to a 50-year low.

One explanation is the “debt hangover”theory popularized by Carmen Reinhart and Kenneth
Rogoff, whose history of financial crises, “This Time Is Different: Eight Centuries of Financial
Folly,” was a sleeper hit in 2009. They found that in the wake of financial cr@, households,
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another crisis is around the
THE DECADE IN REVIEW corner, so they avoid borrowing
and investing. This holds down
growth, inflation and interest
rates.

Explore the Timeline

The U.S. initially tracked this
model. It had barely exited its
own crisis when another erupted
in the eurozone, pushing Greece
into default and others to the
brink of it.

But as those crises faded from
view, low growth, inflation and
rates persisted.

¢ o Read the full report

¢ o Order copies of The Decade in Review print section

Soin 2013 Larry Summers, a former top adviser to Presidents Bill Clinton and Barack

Obama and now an economist at Harvard University, advanced an alternative explanation:
“secular stagnation.” He borrowed the phrase from an earlier Harvard economist, Alvin Hansen
who used it in 1938 to describe the Great Depression’s persistently weak growth and high
unemployment. Mr. Hansen tied it to weak investment due to slow population growth:
Businesses had less need to invest when there were fewer new workers and customers and
when aging households bought fewer big-ticket products like houses.

Slow population growth is once again weighing on growth and interest rates, Mr. Summers
noted, and he added several other factors: the fastest-growing businesses, such as social-media
platforms, invest little of their rich profits. Higher inequality meant more income flows to the
high-savine. low-snending rich. @
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Though initially skeptical of Mr. Summers’s thesis, many economists have since warmed to it,
at least for other parts of the world, if not the U.S. In some countries like Germany a persistent
excess of savings manifests itself as a trade surplus which flows into other countries’ bonds,
holding down interest rates around the world.

Secular stagnation has several profound implications. First, with interest rates closer to zero,
central banks are less able to combat future recessions. Second, a structural shortage of private
borrowing means governments can run big deficits without pushing up interest rates. Indeed,
given central banks’ lack of ammunition, governments should run deficits, or the economy will
stagnate. Reducing entitlements such as future Social Security benefits in the name of fiscal
prudence may worsen the problem by encouraging households to save more.

Secular stagnation also increases the risk of protectionism. Any country with too little
domestic demand to achieve full employment and 2% inflation will be tempted to foist the
problem on its neighbors by cheapening its currency or erecting tariffs so as to export more and
import less.

Yet in key respects the past decade doesn’t conform to the gloomy prognosis of secular
stagnation: The stock market has romped to one record after another, and job growth has
remained consistently strong.

As with interest rates, economists have been surprised by unemployment, which peaked at
almost 10% in 2010. Year after year, they expected it to bottom out around 5%. It’s now down to
3.5%, a 50-year low, and likely headed lower.

The expansion is now the longest since records begin in the mid-1800s. It bears little
resemblance to the 1930s, which Mr. Hansen described as “sick recoveries which die in their
infancy and...leave a hard and seemingly immovable core of unemployment.”

This points to a third possible theory. The so-called natural rate of unemployment, the lowest
the U.S. can sustain without running out of workers or pushing up inflation (called u* or “u-
star” in economists’ equations) is much lower than previously thought. So the recovery has had
more ground to cover than many realized, and as a result the economy has spent much of the
past decade operating well below capacity.

Jan Hatzius, chief economist at Goldman Sachs, says there isn’t a lot of mystery about the
behavior of inflation and interest rates: “We fell into a deep hole so we had a lot of spare
capacity, and it took a long time to climb out.”

The U.S. may have finally climbed out, but until Europe has as well, interest rates may remain
low, he says. “How secular is it? How cyclical? Until you’ve seen economies®lly normalize
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Job seekers and recruiters at a fair in Los Angeles. Economists have been surprised by the continued decline of unemployment.
PHOTO: MONICA ALMEIDA/REUTERS
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