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This Education Note continues our series on portfolio diversification.
We focus here on the question of how many individual stocks make
up a well-diversified portfolio within the asset class of equities.

Background
B Our previous Education Notes in this series considered portfolios
comprised of different asset classes that would enable an investor
to participate in the overall performance of financial markets.
Reality
B |n reality, most investors have highly concentrated portfolios that
are poorly diversified even within specific asset classes like equi-
ties. Our simulations show that poorly diversified portfolios un-

derperform well-diversified portfolios in about 70% of all cases. L0z adblicatoNie T

A Part 1: The Interplay of Asset Classes 23 Nov. 2006
. . . Part 2: Selecting Actively M F . 2007

B We think a well-diversified equity portfolio should hold several art _Se ecting Actively anaggd unds 8 Jan. 200
. o 2 . Part 3: Rebalancing to Control Risks 1 Feb. 2007
dozen different stocks. This diversified exposure to equity markets Part 4- Risk Management 1 Mar. 2007
can be accomplished through investment funds. Part 5: The Influence of Time 2 Apr. 2007
B Opportunities in specific stocks or markets can then be exploited Part 6: Taxes 2 May 2007
by adding additional holdings of these stocks on top of the fund Part 7: Putting it All Together 6 June 2007
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Introduction

Over the course of the first half of 2007 we have published a series of
Education Notes on portfolio diversification (see Table 1 for an over-
view). We think this topic is vital for investment success and in the se-
ries we have tried to demonstrate how properly diversified portfolios

can help an investor achieve his or her financial goals. Fig. 1: Lack of diversification

Average number of stocks in portfolio: 3 to 5

Throughout the publication of this series, we have received much
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fication needed within each asset class. We have been writing about
the necessity to diversify across different asset classes from the as- ~ >ouice: Soetzman and Kumar (2001), Loderer (2005) as of 20 Sep-
sumption that the investor was already well diversified within each as-

set class, which is not the case in most real life portfolios.
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only three to five different stocks. Even more alarming is the fact that
25% of US households invested in just one stock. Similar findings were
obtained in a study of representative Swiss households.

The impact of a lack of diversification

It should be obvious that this behavior implies a lack of diversification
within the equity universe. But how bad can it really be? Prompted by
these studies, we have tried to find out what the impact of this portfo-
lio over-concentration within equities really is.

To do this, we have simulated 10,000 investors who selected stock
portfolios out of the 100 stocks in the S&P 100 and the 50 stocks of
the StoXX 50 mdgx at the end of the year 2000. These simulated in- Fig. 2: Lack of diversification hurts performance
vestors selected either one or more stocks out of the basket of 150 — .
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69.8% of all the concentrated portfolios underperformed well- Risk p.a.

diversified portfolios for a given level of risk. Or, to put it differently,
for a given level of portfolio risk, only three out of ten investors with ~ Source: UBS WMR, as of 20 September 2007
an undiversified portfolio will outperform an investor who covers the

stock market through well-diversified funds or mandates.

Why do concentrated portfolios underperform?

The main reason why concentrated portfolios with only a few stocks
underperform a well-diversified portfolio is simple. A portfolio of three
to five stocks often puts a large part of total wealth into one single
stock. If this company gets into trouble, or even fails, the investor will
own a very volatile portfolio with very low returns — no matter how
successful the other stocks in the portfolio are — because the loss in the
one bad egg in his basket will consume a large portion of his total
wealth.

Similarly, if an investor invests too much money in cash and adds a few
stocks for diversification, the result will be a portfolio that has higher
risk than expected (because most of the risk comes from the stock in-
vestments), but with rather low returns, because the large investment
in low-yielding cash will drag down total portfolio performance.

The situation gets worse when examined in a more holistic context.
We often observe that many investors keep a large chunk of their in-
vestments in the stock of their own employer. Should the employer get
into trouble, the investor suffers double. The portfolio loses value be-
cause the stock price declines and the income of the investor suffers as
well, since bonuses or salaries decline rapidly.

Many investors think investing in the stock of the employer or stocks
of similar companies in the given industry where one works is justifi-
able. After all, we probably know more about the fate of the industry
we work in than we would about any other stock. The testimony of
many former employees of Enron or Swissair proves this approach is
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grossly wrong-headed. In the current series of Education Notes on Be-
havioral Finance, we show how biases like the familiarity bias can easily
trick investors into building inefficient portfolios.

How many stocks constitute a well-diversified portfolio?
Naturally, the question to be answered is how many different stocks
are needed for a portfolio to be judged well-diversified. The short an-
swer is simple: we recommend investing in equities via globally diversi-
fied stock funds. As we can see in Fig. 3, the risk of a portfolio first
drops sharply and then levels off as the number of stocks in the portfo-
lios rises. This chart is a model calculation based on the average corre-
lation between two stocks of 0.29 (between December 2000 and May
2007) and an average 34% risk of a single stock.

But as we can see, the risk of the portfolio is rapidly reduced in the
beginning and then less, once a base of 40 to 50 stocks is formed. We
have calculated the number of stocks needed to achieve performance
similar to that of a stock fund investor. Our estimates are shown in Ta-
ble 2 for different market indices, assuming a long-term average corre-
lation between stocks of 0.08 as calculated by academic studies.” All
calculations assume that a stock fund investment costs about 0.25%
more than a portfolio managed by the investor. This is so because a
stock fund investment usually is more expensive than a pure buy and
hold strategy of direct investments. In a stock fund, the manager not
only has to buy and sell stocks like in a direct investment but has addi-
tional costs due to custody, constant cash in and outflows of the fund
and administration cost.2 We see that a global stock portfolio typically
needs to invest in more than 80 stocks, while regional stock indices
can be tracked with fewer. Other studies came to the conclusion that a
global stock portfolio needs to consist of more than 100 stocks if the
same efficiency as a stock fund investment should be achieved.

Simple Implementation tips

Since the number of stocks required to achieve similar performance to
a stock fund investment is much higher than what most investors are
capable of implementing and managing, in their personal portfolios,
we suggest the following approach to build a stock portfolio:

B Build a globally diversified equity portfolio using well-diversified in-
vestment funds, for instance. This can be done using one globally
invested fund or using several regional funds that can be combined.

B Avoid overlap in the funds you invest in, as this will give you only
the illusion of diversification. For example, a fund that tracks the
DAX and a fund that tracks the EuroStoXX 50 index will have many
stocks in common, which reduces diversification's benefits.

B |n addition to different funds, to take advantage of investment op-
portunities, small investments in single stocks or baskets of stocks
can be made. Make sure the allocation to these single stocks is only
a small percentage of the overall portfolio.

Conclusions

Empirical studies show that investors typically hold very concentrated
portfolios. We have shown that, as a consequence, it is very unlikely
for these investors to earn returns that are comparable or superior to
broad market returns.

We estimate that an investor needs to invest in several dozens of

T M. Statman, "How much diversification is enough?", October 2002
2 For more information on this topic see M. Statman, "How much diversification is enough?

Fig. 3: Rising diversification reduces risks

Risk of portfolio based on the number of stocks, the aver-
age correlation of 0.29 and the average stock risk of 34%
between 12/2000 and 05/2007

35%
30%
25%

20%

Risk of portfolio

15%
0 10 20 30 40 50 60 70 80 90 100

number of stocks in portfolio

Source: UBS WMR, as of 20 September 2007

Table 2: How many stocks in a well-diversified

portfolio?

Estimated number of stocks
needed to break even in
efficiency with index fund
incl. 0.25% added fees

Index

SMI (26 stocks) 18 stocks
EuroStoXX 50 (50 stocks) 29 stocks
Nikkei 225 (225 stocks) 60 stocks
S&P 500 (500 stocks) 76 stocks
MSCI World (ca. 1'800 stocks) 82 stocks

Source: UBS WMR, as of 20 September 2007

", October 2002, where the same assumptions are applied.
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stocks to gain adequate diversification within a single asset class. We
therefore recommend investing within a specific asset class like equi-
ties by building a portfolio of well-diversified funds or other diversified
products, and then exploit specific, additional opportunities as they
arise.

This approach allows investors to exploit market opportunities while
avoiding large losses in a portfolio that cannot be compensated by
profits in other investments. Care has to be taken, however, that the
exposure to individual stocks is only a small portion of the entire port-
folio.
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Appendix Back to "At a glance"

If the date of this report is not current, the investment opinion and contents may not reflect the analyst's current thinking.

UBS Financial Services Inc. is a subsidiary of UBS AG.

Disclaimer

This report has been prepared by Wealth Management Research, the Financial Analysis Group of Global Wealth Management &
Business Banking, a Business Group of UBS AG (UBS). In certain countries UBS AG is referred to as UBS SA. This publication is for
your information only and is not intended as an offer, or a solicitation of an offer, to buy or sell any investment or other specific
product. The analysis contained herein is based on numerous assumptions. Different assumptions could result in materially
different results. Certain services and products are subject to legal restrictions and cannot be offered worldwide on an
unrestricted basis. Although all information and opinions expressed in this document were obtained from sources believed to be
reliable and in good faith, no representation or warranty, express or implied, is made as to its accuracy or completeness. All
information and opinions as well as any prices indicated are subject to change without notice and may differ or be contrary to
opinions expressed by other business areas or groups of UBS as a result of using different assumptions and criteria. At any time
UBS AG and other companies in the UBS group (or employees thereof) may have a long or short position, or deal as principal or
agent, in relevant securities or provide advisory or other services to the issuer of relevant securities or to a company connected
with an issuer. Some investments may not be readily realisable since the market in the securities is illiquid and therefore valuing
the investment and identifying the risk to which you are exposed may be difficult to quantify. UBS relies on information barriers
to control the flow of information contained in one or more areas within UBS, into other areas, units, groups or affiliates of UBS.
Futures and options trading is considered risky. Past performance of an investment is no guarantee for its future performance.
Some investments may be subject to sudden and large falls in value and on realisation you may receive back less than you
invested or may be required to pay more. Changes in FX rates may have an adverse effect on the price, value or income of an
investment. We are of necessity unable to take into account the particular investment objectives, financial situation and needs of
our individual clients and we would recommend that you take financial and/or tax advice as to the implications (including tax) of
investing in any of the products mentioned herein.

For structured financial instruments and funds the sales prospectus is legally binding. If you are interested you may attain a copy
via UBS or a subsidiary of UBS.

This document may not be reproduced or copies circulated without prior authority of UBS or a subsidiary of UBS. UBS expressly
prohibits the distribution and transfer of this document to third parties for any reason. UBS will not be liable for any claims or
lawsuits from any third parties arising from the use or distribution of this document. This report is for distribution only under such
circumstances as may be permitted by applicable law.

Australia: Distributed by UBS Wealth Management Australia Ltd (Holder of Australian Financial Services Licence No. 231127),
Chifley Tower, 2 Chifley Square, Sydney, New South Wales, NSW 2000. Bahamas: This publication is distributed to private clients
of UBS (Bahamas) Ltd and is not intended for distribution to persons designated as a Bahamian citizen or resident under the
Bahamas Exchange Control Regulations. Canada: In Canada, this publication is distributed to clients of UBS Wealth Management
Canada by UBS Investment Management Canada Inc.. France: This publication is distributed to clients of UBS (France) SA, a duly
authorized bank under the terms of the "Code Monétaire et Financier", regulated by French banking and financial authorities as
the "Banque de France" and the "Autorité des Marchés Financiers". Germany: The issuer under German Law is UBS
Deutschland AG, Stephanstrasse 14-16, 60313 Frankfurt am Main. UBS Deutschland AG is authorized and regulated by the Bun-
desanstalt fur Finanzdienstleistungsaufsicht. Hong Kong: This publication is distributed to clients of UBS AG Hong Kong Branch
by UBS AG Hong Kong Branch, a licensed bank under the Hong Kong Banking Ordinance and a registered institution under the
Securities and Futures Ordinance. Indonesia: This research or publication is not intended and not prepared for purposes of public
offering of securities under the Indonesian Capital Market Law and its implementing regulations. Securities mentioned in this
material have not been, and will not be, registered under the Indonesian Capital Market Law and regulations. Italy: This
publication is distributed to the clients of UBS (ltalia) S.p.A., via del vecchio politecnico 3 - Milano, an italian bank duly authorized
by Bank of Italy to the provision of financial services and supervised by Consob and Bank of Italy. Jersey: UBS AG, Jersey Branch
is requlated by the Jersey Financial Services Commission to carry on investment business and trust company business under the
Financial Services (Jersey) Law 1998 (as amended) and to carry on banking business under the Banking Business (Jersey) Law 1991
(as amended). Luxembourg: This publication is not intended to constitute a public offer under Luxembourg law, but might be
made available for information purposes to clients of UBS (Luxembourg) S.A., a regulated bank under the supervision of the
"Commission de Surveillance du Secteur Financier" (CSSF), to which this publication has not been submitted for approval.
Singapore: This material is distributed to clients of UBS AG Singapore Branch by UBS AG Singapore Branch, an exempt financial
adviser under the Singapore Financial Advisers Act (Cap. 110) and a wholesale bank licensed under the Singapore Banking Act
(Cap. 19), regulated by the Monetary Authority of Singapore. Spain: This publication is distributed to clients of UBS Espafa, S.A.
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by UBS Espafa, S.A., a bank registered with the Bank of Spain. UAE: This research report is not intended to constitute an offer,
sale or delivery of shares or other securities under the laws of the United Arab Emirates (UAE). The contents of this report have
not been and will not be approved by any authority in the United Arab Emirates including the UAE Central Bank or Dubai
Financial Authorities, the Emirates Securities and Commodities Authority, the Dubai Financial Market, the Abu Dhabi Securities
market or any other UAE exchange. UK: Approved by UBS AG, authorised and regulated in the UK by the Financial Services
Authority. A member of the London Stock Exchange. This publication is distributed to private clients of UBS London in the UK.
Where products or services are provided from outside the UK they will not be covered by the UK regulatory regime or the
Financial Services Compensation Scheme. USA: Distributed to US persons by UBS Financial Services Inc., a subsidiary of UBS AG.
UBS Financial Services Inc. accepts responsibility for the content of a report prepared by another non-US affiliate when it
distributes reports to US persons. All transactions by a US person in the securities mentioned in this report must be effected
through UBS Securities LLC or UBS Financial Services Inc., and not through a non-US affiliate.

© UBS 1998-2007. The key symbol and UBS are registered and unregistered trademarks of UBS. All rights reserved.
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