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comes to an end. This is something that | cannot claim to understand.

Plants such as peonies, azaleas eachellias will be able to produce

beautiful flowers, end of the world or not. If men would give some

thought to this fact, they would understand. And if people took notice

of the masters of even these times, they would be able to say that

there are masteri the various arts. But people become imbued with

the idea that the world has come to an end and no longer put forth
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1. Introduction

Investing in individual companies is challenging because it requires insight about the future of the

O2YLI yeQa LINRPRdAzOGAZ YIylFr3aSYSyidz O2YLISGAG2NRE FAYLI
dramatically that they are impossible to predict eveniftgiders.Y oucanprotect yourselfagainst such

risks by diversifyingourinvestmentin many different companies and industries.

The easiest and cheapest waydofersifying your investmeris to invest in aindex fund The S&P500
allows you to invesin 5000f the largest companies in USA that operate in a wide variety of industries
including energy and utility, financial services, health care, information technology, heavy industry,
manufacturers of consumer products, eRather than having to assetb® future of individual companies
you now only have to assess the general future of companies in USA.

Between 1962 and 2013 the S&P 500 returned almost 9.7% per year to its investors. Adjusting for inflation
the retum was 5.4% per year, which meahe purchasing power adéninvestmentin the S&P 50@oubled

every 13 yearddowever, the S&P 500 is very volatile dost half its value ilmneyearand gainednore

than 70% in motheryear.To protect yourself gu shouldtherefore combine an investment in theolatile

S&P500 with a guaranteed return from US government bonds.

This book explainall the important aspects of investing in the S&P 5d@luding analysis dfs historical
returns, and how to allocate your portfolio beten the S&P 500 and US government bonds so as to limit
the future losses to a level you can tolerate.

You should make an effort to read the entire book. The book is fairly shotharichowledge you obtain
will make it well worthyour time andeffort. Although | have put much effort into writirithe bookso it can
be understood by people with diverselucationalbackgrounds, some of the topics are complicated and |
maynot have explainethem wellenough If you get confused and do not know wistitategymight be

right for you then follow the simple strategy of adding to yoinvestmentin the S&P500 on a monthly
basis while makingsure you have sufficient emergency funds invested in US government bonds. You
cannot know in advance whether the B&0O is currently cheap or expensive, but when you add to your
investment every month and hold the investment for many years,sfmuldget agoodreturn on average.

You should start investing at a young ageakefull advantage of theso-calledcompoundingeffect. For
example,if you arecurrently 20years old angou can only afford to invest $100 each monéndif the
S&P500returns 97% per yeans it did in the previous 50 yearthen the $100 would be worth $252hen

you are 30 years oldt, would be worth $637Avhen you are 40 years old and $08when you are 50 years
old.  you leave iinvesteduntil you are 60 years old then it would be worth,858 Note how the value

grows much more in the later years. This is because the value ofitbstment doubles every 8 years if the
annual return is %%. This is the compounding effect that you should take advantage of by investing over
many decadesAlthough inflation wilblsodecreasehe purchasing power of each dollar, theoneyyou
investin the S&P500today will likely be able to purchagtimes as many goods 40 years from now.

1.1. Warren Buffett

One of the wealthiest people in the world is Warren Buffett who has accumulated his wealth through
investing. Buffett believes laymen should invesa broadly diversified stoekiarket index saoh as the
S&P500 and his own heirs should do the same, as he exdldins
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(though, most assuredly, in unpredictable fits and starts). In the 20th Century, the Dow Jones
Industrials index advanced from 66 to 11,497, paying a rising stream of dividends to boot. The 21st
Century will witness further gains, almost certain todubstantial. The goal of the ngmnofessional

should not be to pick winnecsy SA 1 KSNJ KS y 2 NJ K & BBut shokil$rathdBbeoé OF y R 2

own a crosssection of businesses that in aggregate are bound to do well. AdetWS&P 500 index
fund willachieve this goal.

(...) The main danger is that the timid or beginning investor will enter the market at a time of
extreme exuberance and then become disillusioned when paper losses occur. (...) The antidote to
that kind of mistiming is for an investor &@cumulate shares over a long period and never to sell
GKSY GKS ySga Aa o0FR FYyR at201a I NB ¢g26RUKAYEE
investor who both diversifies and keeps his costs minimal is virtually certain to get satisfactory
results.

6dddO 2KFG L FROAAS KSNB Aa SaaSyuaialrtte ARSydAOl
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trustee could not be more simple: Putda®f the cash in shetérm government bonds and 90% in
averylowbD2 &l {3t pnn AYRSE ¥ dz/tBr resultsdrabrithislpolicy Sill beS & S
superior to those attained by most investgr&hether pension funds, institutions or indivadsc

who employ higtf SS Y I yI 3SNR ®¢

Note thatBuffettQ suggested portfoli@llocationfor his wifeconsistsof 90% S&P 500 arid% shorterm
government bond$ut thismay not be appropriate for everyone, as we will see later in this book.

1.2. Ben Graham

2 NNBy . dzZFFSiGQa GSFOKSNI g1 a . SyOIDINI KR Yo @IKi2dzS aA Y ¥

decades of investing, Graham also spoke in favour of investing in a broadly diversifief2]ndex

GODPDPDPY L KIGS | F8StAy3I (KIG GKS 6F& AY 6KAOK A\

of them, would be to start with the index conceghe equivalent of index results, say 100 or 150
stocks out of the Standard & Poor's 500. Then twer to managers the privilege of making a
variation, provided they would accept personal responsibility for the success of the variation that
they introduced. (...) I think any experience of the last 20 years, let's say, would indicate that one
could havedone as well with Standard & Poor's than with a great deal of work, intelligence, and
GF 1 oé

This was from an interview in 1976, around gametime a financial company named Vanguard was
founded for providing indebased investing to the general publicseems plausible that Graham would
have suggested both institutions and laymen should invest in a broadly diversified index if it had been
widely available at the time. But without a fund such as Vanguard, the trading commissions would have
been excessw/for the individual small investor to invest in all or part of the S&P 500 index.
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Around the same time, Graham gave his opinion on allocation between stocks and[Bpnds

GoddPy (KS AYy@Sald2N) aK2dzZ R Ffglrea KFESS | YAYAYdZ
and a minimum percentage in bond equivalents. | recommend at least 25% of the total at all times

in each category. A good case can be made for a cons&dést division here, with adjustments

for changes in the market level. This means the investor would switch some of his stocks into bonds

on significant rises of thistock]market level, and vieeersa when théstock]market declines. |

would suggest, igeneral, an average seveor eighteé S NJ YIF GdzNAG& F2NJ KA& 02YF

b2GS K2¢ DNIKIFYQa ftt20FGA2y 0S0GsSSy ata201a FyR o

1.3. Ed Thorp

Edward Thorp was a professor of mathematics who discovered ways of improving the obiawggsng in
some gambling games e.g. by counting cards in Bladghckhorpalso discovered ways of beating the
stockmarket[5] and used the techiques for decades to get very wealtliy.a recent interview6] Thorp
recommends people without special knowledge should invest in a broadly diversifiednstokkt index:

G.Farldrtfesr LIS2LS akKz2dAZ R 6S LdzidAy3da YzySe Ayaz
investment with similar characteristics is better.

(...) Warren Buffett has knowledge about the fundamentals of a lot of companies, among many
other things. Sin that area, the markets are inefficient from his point of view, but there are a
hundred million people out there who don't have that knowledge, and they should behave as if the
markets are efficient because, from their point of view, they don'thav&aRy@ S | G | £ f dé

The termW S T F A O A'$ Wilré8aisaddcademitheorythat it is impossible tdeatthe stock
market. Although bothThorpand Warren Buffetthave outperformed the stocknarket for many decades
they haveunique skills that laymen daot, so Thorp recommends laymen invest in a stioaket index.

In the same interview, Thorp also discusses portfolio allocation between diffgqees of investments

Godddy (KS 02FNR w2F I dzy AGSNEBEA(GRE tharlRGe Sy (16 (K
certain range to various categories, such as real estate, private equity, bonds, domestic equity,
international equity, and so forth. They move these guidelines around. (...) I'm not sure that the time

and energy spent get us very mutiigugh. They'll debate whether to have 20% or 25% in domestic

equity, and the finance committee will spend a lot of time offering opinions about this. Maybe

they'll decide to move the guideline from 20% to 25%, but no matter what happens, it will only have

an incremental effect on returns that is so small that it's hardly noticeable and appears to me to be
FfY2ald NIyR2Y®¢

So Thorp believes mingortfolio adjustments are irrelevanbut unfortunately hedoes notoffer any
advice orhow toallocatebetweenthe S&P 500 and US government bondhkich is covered in this book.

1.4. Video Talks
The main aspects of this book are explained in several video talks that can be frieghgdn the internet:

www.youtube.com/user/hvasslabs/playlists
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2. Percentage Returns
This section explains percentage retumisichare used throughout the booko compare how different
investments have performerklativeto each otherlt is importantthat you understand these concepts.

2.1. Example

Imagine that you have $100 and you invest it somehow. After a year yahe@lvestment and you get
$110,soyoureceivethe original $100you investedlus an additional $10. We call this extra $10 for the
return onthe investment. It is often more convenient to write the investment return as a percentage
number. In this case it would be 10% becausei$10% of $100.

2.2. Compounded Returns

Imagine that you invest the $110 for another year and you get another 10% retutime investmentThe
aS02y R &SI NI a10%d thelokgnal $100 byithl§n0%odzhedi$10 return from the first year
because itvas reinvested in the second year. The return for the secondgaaes to $11 because 10% of
$110 equals $11Soafter the second yeayou have $12vhich is 21% more than the original $100 you
started out with. This 21% is called the compounded return from getting a return of 10% in the first year
and another 10% in the second yeBote that the compounded returis 21% and not 20% becaube
returns of the two years armultiplied instead of added.

Compounded returns are very importaintlong-term investing because even a small annual return will
eventually compound inta very large returover time Forexample, if the annual return is just 5% then
$100 will grow to $163 in 10 yeai® $265in 20 years antb $432 in 30 years

¢tKS Ay@SadayYSyiQa @I anzsmddsied tianntadr&uds 5460 thad$$00 NA

you invest grows into $200ftar about 14 years, to $400 after about 28 years and to $800 after about 42
years.If the annual return isnsteadm /2 (G KSy i K Salud dowiBsieliery 3 yearQandndihths.

If the annual returnisnsteadm pz’s 0 KSy G KS Ay @SéavanySyaisQa @I f dzS R2 dzo f

2.3. Total Return

An investor in thes&P500gets two kinds of returns: A return from the change in po€¢he S&P500, and
a return in the form of dividends. The pe change is usually the largsrthe tworeturnsand may be
either positivefor a gain omegative fora loss. The digend return is always positivao it is always a gain

The secalled total return assumes that the dividera® reinvested in th&&P500. For example, if you
invest $100 in th&&&P500and the price increases 6% during the year, then you have $106 at the end of
the year. But you also receive dividends from 8&P500. If the dividend is 2% of the $190uinvested at
the beginning of the year, then you receive $2 in dividends. Thé itetiarn is the sum of the price return
and dividend return, in this case6%price returnplusa 2%dividend returnwhichgives arB%total return.

! As long as you understand what compounded return means, it is not necessary for you to understand the
mathematical formula for calculatiriy In case you are curioubie formulafor this examplés:

Compounded Return = (1 + Return for First Year) Ré€turn for Second Yearl = 110% x 110%1 = 21%
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It is important tomake thedistinctionbetween the price return and the total returon the S&P500. Even
though a dividend return of 2% or 3% may seem swmdilgn it is reinvestedh the S&P500each yeaover
several decadeis will eventuallycompound into a massive contribution to the total return.

2.4. Negative Percentages

Negative percentages are written @96) rather thamgx%. For example, (43.2%) mead8.2%. This

notation is typical iraccounting andinancial reports and makes it easy to see when a return is a loss. For
example, if an investment lost half its value we write it astarn of (50%), that is, minus fifty percent. If

an investment lost its entire value then we write it albasof (100%), that is, minus one hundred percent.

2.5. Annualized Return s

Imagineyou invest $100 in th&&P500and reinvest the dividends so after 5 ye#ns investment is worth
$150 whichis a 50% return on your original $180hat is the return per year? One might think the return
is 10% per year because the return was 50% for 5 years and 5 times 10% is 50%. Buainipgund a
return of 10% per year fcb years you get eompoundedreturn of about 61%nstead of 50%The secalled
annualized returns the returnper year that compounds into a return of 50% after 5 years, whidhis
caseis only about 8.4%.

Annualized returns are useful for comparirgurns for different investment periods. For example, if you
invest $100 and after 5 years the investment is worth $161 then you have made a return of 61%. Imagine
that youalsomake another investmeraf $100which is worth $216 after 10 years for auet of 116%.

The second investment was apparenilystbecause the return was 116% compared to only 61% for the
first investment. But these returns cannot be compared directly because the investment periods were
different. The first investment returned 61&fter 5 yearsso ithad an annualized return of 10%. That is, if
you compound a return of 10% per year for 5 years then you get a return of 61%. The second investment
returned 116% after 10 years so it had an annualized return of onlyfB&esecond invément had a lower
return per year but gave a better return overall simply becauserkestmentduration was twice as long

as the first investmentThis shows the importance of compariagnualized returns.

However, there are limitations to comparing aratized returnsThe annualized return is a type of average
which does not tell us anything about the yaaryear volatility ofaninvestment. For exampl@ne

investment could have a return of 8% in one year and a return of 12% mettigear. The annualized

return for this investment is nearly 10%. Another investment could have a loss of (20%) in the first year and
a gain of 51% in the second year. This investment would also have an annualized return of nearly 10%. The
compounded returns almost 21% for both investments, ke firstinvestment had verjow volatility

while thesecond investmenvashighlyvolatile.

2.6. Tutorials

It is very important that you understand percentagyeompounded and annualized returbecause they
are used thoughout the bookYou mayalsowatchthe tutorialson percentagesndcompounded returns
at Khan Academynfortunatelythey do notseemto have a tutorial on annualized returns.

% As long as you understand what annualized return means, it is not necessary for you to understand the
mathematical formula for calculating it. In case you are curious, the formula for this example is:

Annualized Return = (1 + Compounded Rettififc1 = (1 + 50%f¢m F vy o

10


https://www.khanacademy.org/math/pre-algebra/decimals-pre-alg/percent-intro-pre-alg
https://www.khanacademy.org/economics-finance-domain/core-finance/interest-tutorial/compound-interest-tutorial
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3. Inflation

We need to understand a little about inflati@o we carunderstand why investing is importatd long-

term savingYou have probably noticed how most goods and services become more expensive over time.
This is calleg@riceinflation. For examplea 12 ouncebottle of CocaCola cost $0.08 1950andabout

$0.40in 2015(depending on where yoboughtit and the quantity) Thisisan 8-fold increasein priceover

65 yearscorrespondingo an averagericeincreaseof about 3.3%per year.Such price increases are
typicalfor most goods and services. A raneception is computer technologyhere the prie decreasebut

the computerpower doublesevery few yearsThisis called price deflation.

Economists have different theories on what causes price inflation. The theories are not important here
What is important is thaegativeeffect that price inflation has on your savings and that this will most likely
continue in the future.

3.1. Consumer Price Index

The Consumer Price Index (CPI) estimateptive change for aso-called markebasket of goodand
serviceghat areconsumed byypical USousehold.! & Y I NJ Sisi jusbtie SetmQuded by
economists for a list of different goodsd servicesThelist contains theitemsthat typical US households
spend their moneyn, such asood and beverages, housing, apparel, transportation, medical care,
recreation, educationcommunicationgtc. Some item®n the list are given more weight than others
because the typicdlShousehold spends more dhosepatrticularitems. For examplexpenses related to
housingamount toabout 4246 of thetotal expense®f atypical UShouseholdwhile food and beverages
account forabout 15%and transportation accounts f@nother15% These are average numbers for urban
households in USgoyourown particularexpenses may be different.

3.1.1. Between 1950 and 2015

Figurel shows the CPI between January 1950 and January 2015. The starting&fiary 195% set to

100 and after 65 years the GRid increased t@lmost 1,000Sopricesfor the goods and services that
typical US consumers binycreased almost :bld during these 65 year3he CPI did not change by the
samepercentagesach year and in some years it even decreased because of price deflation, for example
between2008 and 2009 the CPI decreased more t224. But on average the CPI increased about 3.6%
per year duringhese65 yearswhich means the CPI doubleglery 20yearson averageThis 65year

period included a shorter periodf digh inflation in thew ot 1 Q& @

If weinsteadconsider the shorter period of 30 years between January 1985 and January 2015 then the CPI
only increase@bout2.8% per yeaon averagewhich means the CRiould double every 25 years.

11
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Figurel: Consumer PdeIndexfor USA Starting value is 100. Period J&ntary 1, 1950 to January 1, 2015.
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3.1.2. Prior to 1950

Consumer prices were more volatile prior to 1950, which waslaulent period with two world wars

separated byThe Great DepressioBuring and after the First World Waretween 1915 and 191%he

inflation in USArequently exceeded 20% and peaked at almost Bé¥eenJune 191%nd 1920 This

reversed in thdollowing yearswith price deflationof almost (16%) in the yedretweenJune 192@&nd

1921 In the following years consumer prices stabilized somewhat and changed at most £5% per year. Then
The Great Depression started in 1929 and the annual deflatioragais in excess of (10%) during several

of the following years. As the economy gradually improved the consumer prices stabilizibhén the

Second World War began in 1939 and in 1942 the US inflagamreached 13% per year btiten

stabilizedto just a few percenbf inflation per yearfor the remainder of the war. After the war between

1946 andl947 inflationreached 20% for a while aldeni 2 6+ NRa G KS Sy RwaF¥ GKS wmd
deflation of almost (3%) per year, which when replaced with infléion of almost 10% between 1950
1951.Those were turbulent times indeed.

12
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3.2. Purchasing Power

The CPI measures tisbangein pricesthat arerelevantto the typical US househalés shownin Figurel,
theseprices generally increase over time. Another way of lookirtgiais to consider the change in the
amount of goods and services each dolan purchasevertime. This is called thpurchasing power of a
dollar.

For example, if you had $1 in 1950 and spent it all on Cada at $0.05 per 12 ounce bottle then you

would have bought 20 bottlei; 195Q If instead you had put the $1 away for safe keeping under your
mattressfor the next65 yearsandthen spent the $1 on Coe@ola at $0.40 per 12 ounce ciar2015 then

you would only get 2.5 cans as opposed to the 20 bottles in 1950. This is because of price inflation and the
correspondinglecrease ithe amount of goodshat each dollapurchases

Figure2 shows thepurchasng power of $1 from January 1, 1950. Thi€alculated from the CBatain
Figurel. Because the prieof goodsand services generaligcreaseover time the purchasing power
decreasesorrespondinglyAs shown ifFigure2, the purctasing powenf $1 from 1950vasonly about
$0.10in 2015 Sothere wasa (90%) loss inpurchasingoower of $1 duringthese 65 years. On average, the
purchasng power cecreased abouf3.5%) per year, which meattse purchasing powewashalved every
20 yearon average

Note how the(3.5%) average decrease in purchasing power is slightly different fro@1@beaverage

increase in the CRliscussed abovelte small differences due o the waypercentagechangesare
calculatedwherean increase in the CPI of 3.6% corresponds to a decrease in purchasing power of about
(3.5%)

3.3.  Nominal and Real Values

902y2YAaida dzasS (KS (v&uedrihenagfuativigifof Infation. Thg RomialNalbiefist

the listed dollaramount. For example, if you have $1 in 1950 and you keep it under your mattress until
2015 then it is still just $1. These $1 amounts are the nominal values. But as shown Abgquachasing

power of that $1 from 1950 has decreased to only $0.10 in 2015. This $0.10 is called the real value in 2015
of $1 from 1950. Instead of using these academic terms we will simply write that values are adjusted for
inflation.

3.4. Summary

We cannotaccurately predict the future price inflation but it seems reasonable to assume that in the long

term price inflation will be somewhat similar to the past several years. In the 65 years between 1950 and

2015 the annual inflation was about 3.6% on averddps included a highly inflationary period during the
MPpTNQa FYR AT GKFIG OFy 0SS | @2ARSR Ay (i Kydarfedad dzNBE
between 1985 and 2015 the inflation was only about 2.8% per year on average. If thisiesnfirthe

future then it means the price of goods and services consumed by typical US households would double

every 25 years. Or said in another way, the purchasing power of one dollar would be halved every 25 years.

So if you save for your retirement demaes into the future, then you need to invest the money somehow to
avoid the severe decrease in purchasing power caused by price inflation. The rest of the book describes
how to do this.
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Figure2: Purchasing power of $1 from Januat, 19500 January 1, 2015.
Calculated from the CPI data Figurel.
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4. Bonds

The previous section showed how inflation significantly decreases the purchasing power of a dollar over
time. To counter inflation you must invest your savings somelobasiaype of investment is called a
bondand the safest bonds are thosgsued by the US governmetut there are still some risks when
investing in bonds that you need tmnsider

When you buy a bond you aestuallylending money tassomeoneg whetherit isthe US government, a
company oramunicipality Theissuer of the bonds borrowing money from you arttiey agree to repay

the moneyatafuture date] y2 6y I a (KS 0 2Thd&kamauntydu ividzedeiiedvheR theibdrd
maturesis called theprincipal,or face value or par valuef the bond

You should be compensated for lending money to someone because by the time you get the money back,
inflation will have decreased the purchasing power of the original amgountent them Furthermore, if

there is risk that you might not get some or all of the money back then you should be compensated for
taking this risk. The compensation is called interestiareitherpaid at regular intervals or at the time the
bond matures.

The return you get ona bondcomes from the interestyou receive during the life of the bondnhdthe
difference betweerthe purchase price anthe sellingprice in case you sell the bond before it matures, or
the difference between the purchase price and the principal in case youtlbe/bond until it matures. In
the following we will generally assume that you own a bond until it matufesbond yield ighen the
annualized return you wittarn from the interest othe bondand from return of the principal

4.1. US Government Bonds

Theleast risky bonds arthoseissued by the US government becatise governmentan always just print
more money to repay the bonds. Of coureK S 3 2 @ Sabilify Yo Prhiindeyhasits limitations
because printingoo much money magventuallylead to hypefinflation whichdestabilizesociety. But
USgovernmentbondsaregenerally regarded as risk freghich also means that thimterestthey payis
usually lower tharhe interest onother bondsthat carry more risk

US government bonds with maity of one year or less are often called Treasury Bills but will be called
bondsin the following

4.1.1. One Year Maturity

We want to know itJS government bonds hawéstoricallybeen an effective protection against inflation
solet us compare théwo. Figure3 shows the yield on US government bonds with one year maturity and
the annual inflation as measured by the @B$cribed irsection3.1. The data period is Felmry 1962 to
January 2014o0the bonds that were purchased in January 2014 would mature in January20ffg this
period the average bonglield was around 5%.But the bond yieldvas quite volatile, for example\tas
more than 17% in late 19&4ind it was almosd%in late 2011

The inflation was also volatile during this periéor examplen 1979 there wasargeprice inflation and
typicalconsumer goodbecame more expensive by almost 13f6the yearstartingJuly 2008 there was
price deflation and typical consumer goduscame cheaper b{2.1%).
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Figure3: US government bond yield with one year maturity, comparedttee rate of inflation for the following year
as measured by the CHReriod is February 1962 to January 20Dhta source[7] and [8].
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Duringthis period of53 years you would not always hasecceeded in protectingour savings from
inflation by investing in US government bonds with one year maturtiginterest you earned on the
bondswere greater than therate ofinflation in only 7 out of 10 year§n average thdond interestwas
about 1.5% (percentage points) higher than #mualinflation, so on average you would make up for the
rising prices and get an additional 1.5% return per yBat.some years were far from averagéwe worst
year was 1974luring which the government bomsgielded7.3% but the inflation was 12.2%o your
purchasing powestill decreased almost (5%yen though you had invested in US government bo@ds
course, it was better than keeping the money under your mattress wtterg would have earnedo
interest at all and hence experienced the full decreiaspurchasing powedue to inflation The best year
started in September 1981 where the government bond returned more thantihe inflation was only
5% so the bond eartd 12%percentage pointsinore than the inflation.

The aboveeomparisorassumedyou paid no taxes on the bond interests you receivégou had to pay
15% on the bond interests thgrour averageafter-tax returnswould only have beerD.7%(percentage
points) greater than therate ofinflation. Furthermoreyour aftertax bondreturns would havdailed to
matchthe rate of inflationin almost4 out of 10years.
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The conclusion is that investing in US government bonds with one year maturity has frequently failed to
matchthe rising consumer pricedut investing in US government bonassstill better than nothaving
investedthe money at all.

4.1.2. Ten Year Maturity

TheUS governmendlsoissues bonds with longer maturitiiat usuallyhavehigher yieldsFigure4 shows

the yield on US government bonds with 10 year maturity. The pesiédm February 1962 to January 2005
which means the bondhat were purchased in January 200®uld mature in January 201Ruring this
period the average bond yieldas 7.2% but iwas quite volatilefor exampldt was 3.4% in June 2003 and
almost 16% in October 1981.

The inflation is also shown KFigure4 and is calculated from the Iearchange in the CPI froffigurel.

The average inflation rate over 4@ar periods was 4.4% per year but this was also quite volatile. The
lowest inflation rate occurreth the 10 years starting January 2005 where the CPI increased almost 23%
overthe next10 yearscorresponding to an average increase of about 2.1% per ybargreatesinflation
rate occurredin the 10 years startinfugust 1972vherethe CPI increased almost 138Merthe next10
years correspondngto an average increase about8.8% per year.

Figure4: US government bond yield with ten year maturity, comparedttee rate of inflation over the following ten
yearsas measured by the CHReriod is February 1962 to January 20Q&ta source$7] and[8].

—— Bond Yield
---- Inflation

15% -

10% —

|
-

5%

0%

1970 1980 1990 2000

17



[ I 8 Yl y Qalnvbstioh R $ieS&P2500

USgovernment bondsvith 10-year maturitydid not alwaysucceed in protecting the investor from

inflation. Although thebonds yielded 2.8% (percentage points) more than the rate of inflatioaverage,

the bond yieldfailed to match thenflation in 1 out of 4 years. As can be séeRigure4 it was the bonds
purchased approximately between 1965 and 1975 that did not match the inflafioe worstLO-year

period started in November 1971 where the yield was 5.8% faral lith 10 year maturity, but the
averagerate of inflation was 8.6%er yearover thefollowingten years, thus causing the bonds to lose
about(2.8%) of purchasing power per year. The best period started in October 1981 where the yield was
almost 15.8%or bonds maturing 10 years latdout the inflation ovethoseten years was only 3.9% per

year on average, thusausing the bonds to earn 11.8% more than the inflaganhyear.

The above comparison assumed you paid no taxes on the bond interestscgivec If you hatb pay
15%tax on the bond interestshen your average aftetax returns would only have been 1.7% (percentage
points) greater than the rate of inflation. Furthermore, your aftax bond returns would have failed to
match the rate of iflation in more thanl of 3 years.

Reinvestment Risk

The above comparisasisoassumed that the bond interests were reinvested in new bonds with the same
yield as thdirst bondyou started out with In reality, he bond yieldschange over timeo youwould
possiblyhave to reinvesthe interestsin new bonds withlower yields. This is called reinvestment risk.

First consider an example of fallibgnd yields If you invested $1,000 in a US government bond with 10
year maturityin January 1982it yielded 14.2%6per year so you would receivd.42interestper year
startingin January 1983You wouldhen reinvestthe $142in another bond. But idanuary 1988e bond
yields haddecreased and were now only 1063or US governmenbonds with 18year maturify.
Furthermore, you would reinvest in a bond that matured aftety 9 yearsso aso match the maturity
date inJanuary 199%or the ariginal 10year bond yothadbought, because wwant to compare the return
on US government bonds to inflation over th@ years from January 1982 to 1992.

You would continue reinvesting the bond interests like this until January 1992. Because the interest rates
were gradually decreasing during this period, your overall return on these bond investmentsnigre
about12.5%per year whichis lower than the 14.2% bongdeld you startecbut with in 1982.Your return

of about12.5% per yeawasstill muchmore thanthe inflation of 3.9% per yeabetween 1982 and 1992.

Now consider an example of risinglation andinterest raes. In Januaryd/2 the yield was 5.9% for a
USgovernment bond with 1§ear maturity. The yield increased in the following yeard was12.4% in
January 1981Because you would reinvest the interest new bonds with higher yieldgour overall return
between 1972 and 198®as about 6.3%er yearwhich was slightly higher than the 5.9%ndyield you
startedout with in 1972.Compare thisreturn to the inflation which was 8.7% per year during thyear
period. Although the bond yields increaseignificantlyduring this periodthe bondsstill did not match
inflation because the starting yield in 1972 was too low compared to the high inflation a few years later.

For 10year bonds, the yield on the first bond you start out with goadestimateof the annualreturn you
will earn after reinvesting the interests in new bordigingthe next 10 years This is because the majority
of the return comes from théxed interests on the first bond you start out with.is therefore reasonable
to compareinflation tothe yield onUS government bonds with 3@ar maturity as was done above.
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Conclusion

The conclusion is that investing in US government bonds M#fear maturitydid not alwaysxceed or
even matchthe inflationin the following 10 yeard8u investing inthesebondswas stillbetter than not
investing the money at alandon average theebondsreturned approximately2.8% (percentage points)
more per year than the inflation.

4.2. Interest Rate Risk

The US govament issues bonds with maturitiegp to 30 years. Bonds with longer maturity generhabiye
higheryieldsbut thesebondsshould only be bought if you intertd ownthem until maturity. This is
because the price of a bond changes inversely with chaingbs bond yield. When the bond e
increases, the bond price decreases, and vice v&tgdhermore the price changeare muchgreater for
bondswith longermaturity. This is called interest rate risk.

For example, assume you bupand for $78.35hat does not pay interedbut after five years you get100
principal in returnwhich meang/ou effectivelyearn $21.65 in interest after five yeas§owning the bond

This corresponds tan annual interest ratef about 5%. If therevailingyield for bonds with five year

maturity increases from 5% 6%, then nobody will buy your bond for $78.35 anymore because they would
only earn 5% interesind they could buy another similar bond which would pay them 6% intefést
marketprice of your bond therefore decreases to about $B4s0 itsyieldbecomes 6% as well. Theeld
increasedne percentage point buhe bond price decreased almo&do)

The price decrease is much larger fonds withlonger maturity. @nsiderfor examplea bond with 30 year
maturity. Assume you buy the bd for $23.14and it does not pay any interest but after 30 years you get
$100 in returnso youeffectivelyearn $76.86 in interest after 30 yeamhiscorresponds to an annugleld

of about 5%If the prevailingyieldfor bonds with 30 year maturity ineases to 6% then the market price of
your bond will decrease to about $17.41 which is a decrease in bond price of #&5&&for an increase

in bond yieldof one percentage point

The opposite is also true, thitie bond price increases wh thebond yielddecreases, so you could profit
greatly if you bought bonds with long maturity and theevailing yieldlecreasedChangesn bond yieldof
one percentage point or more afairly commonwithin afew yearsBut it isverydifficult to predictthe
exact time the change will occur amdhether the yield will increase or decreaseuhouldtherefore only
invest in bonds with the intentio of owning them until maturityso the wild fluctuations in bond prices do
not matter to you because you will giite principal back at maturity.

4.3. Treasury Inflation -Protected Securities (TIPS)

The US government sefipecialbonds that are protected from price inflatidn addition to paying regular
interests These bondare called Treasury InflatieRrotectedSecurities (TIPS)heyare issued in terms of

5, 10 or 30 years. The principal is adjusted for inflatiocording to changes the CPIdescribed in section

3.1. The principalof the TIPS bonithcreases when there is price inflation and the principal decreases when
there is prce deflation. TIPBondspay interesttwice a year on th inflation-adjusted principal.

For example, if you bug TIPSondwith 5% yield fo $100andafter a year the CRhcrease2%due to
inflation, then the principalof your TIPSncreases to $102The interests paid on the inflatioradjusted
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principal so instead of receiving $5 interesttbe original$100principal you now receive$5.10 interest
which is 5% othe $102inflation-adjusted principal.

In case of deflatiom whichconsumer prices fall, the TIPS principal is adjusted downwantistchthe
decrease in the CRhterests are paid on the adjusted princigal usual For xkample,if the original

principal of $100 has decreased to $90 due to price deflaifal0%)then youwould only receive $4.50
interest which is 5% of the $3&flation-adjusted principalBut in this case the US government still repays
the original$100 principal atmaturity. This added protection against deflation may seem like a nice bonus
but it is probably not relevantecauseluring the 65 years between 1950 ag@15 significantprice

deflations have only rarelyoccurredand it wadimited to a few percenthat only lasted for a short while

4.3.1. Interest Rate Risk

TIPSondsare also subject to interest rate risisdescribed in sectiod.2 While TIPS protect you from

rising prices of consumer goods, TR0t protect you from interest rate riskhich isusuallya much

greater riskthan inflation For example, if you buy a TIPS bond with 30 year maturity and the interest rate
increases from 5% 6% then your TIPS bond decreases alnf@is¥9 in market price So if you want to buy
TIPSondsthen you should do it with the intention of holding them until maturitgwith other bonds

4.3.2. TIPS versus Normal Government Bond s
TIPS were introduced in 1997 and because of their long maturity of 5, 10 or 30 years there is not much

historical data availableor comparing TIP® normal government bondw® see if they have generally
performed better or worseBut a fewremarkscanstill be made.

There is a difference in yield between normal US government bonds and the inflattected TIPS. The
BAStR RAFFSNBYOS Oly 06S O2yaiARSNBR GKS YIN)]SiQa
a higher return from TIPS or moal governmentbonds depends on whether the actual inflation is lower or
higher thanthe expected inflatiorthat isimplied by the yield differencéBut the future inflationisvery

difficult to predictso we cannot know in advance whether TIPS or noboadts will perform better

For exampleif TIPS yiel@%andnormal bonds yield 4%en there is a yieldlifferenceof 2%which implies
the expected inflation rate is 2% the inflation rate turns out to b&% then the TIPS principal is increased
by 1%whichmeans you effectively get a 3% return. But if you had bought the normal bondtikeyrield
would have been 4%o that would have been the better choice. The opposite could also have happened,
for example if the inflation rate turned out to be 3% théhe TIPS would effectively return 5% consisting of
its 2% yieldblus 3% for the inflation adjustmen&oin this casahe TIPSvould have been better tharhe
normal bondwhichonly returned 4%

In therelatively shortperiod between 2003 and 20%Eere have beercasesvhereboth TIPS and normal
government bond$iave performedest,because the actual inflatiorate turned out to beeither higher or
lower than the yield difference.

In recent years the TIPS yield has sometimes been negaétiiemay seemeculiar but the explanation is
againthat the TIPS yield is based on the yield for normal US government bonds minus the expected rate of
inflation. For example, in September 2012 the yield was negative at (1.7%) for TIPS with 5 year maturity,
while the yield was positive at 0.7% for normal US government bonds with 5 year maturity. This gives a
yield difference and expected inflation rate of 2.4%he actual inflatiorturns out to begreater than 2.4%
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then the TIPSwill have a greater return thanormal government bonds even though the TIPS yield was
negative at the timenf purchase For example, if the inflation turns out to be 3.5% instead ofetkgected

2.4% then the TIPS would effectively have a positive return of he8#use the negative yield of (1.7%)

gets adjusted upwards by 3.5% to account for the inflatiaiije the normal government bond still only
returned 0.7%lf instead the inflatio turnsout to be only 1% then the TIPS would have a net loss of (0.7%)
because the negative yield of (1.7%) was only adjusted upwards by 1% to account for infetio|

have to wait until September 2017 to see whether thesger TIPS or normal gavenent bondswere

better.

Do not worry if you are confused by all this. It is confuslhgreis no simple and clear answer whether
TIPS or normal US government bonds are beltedtimately depends on the future inflation rate which is
unpredictable One suggestioristo invest half in TIPS and half in normal US government bdus
remember to only invest in bondbyou intend to own them until maturityso you are not concerned about
interest rate risk as described in sectir2.

4.4, Tax

Interest income from US government bonds is subject to federal income tax but is exempt from all state
and local income taxe3his is also the case for T)B& when the TIP$rincipalis increasedlue to

inflation you have to pay tax othis increaseeven though you will first receive the principalreturnwhen

the TIPS matures possibly decades into the future.

Government bonds can be held in td&ferred retirement accountbut whether this is advantageous
depends on your particulasircumstancesincluding youtax bracket when you might need the money,
etc. See sectiorl0for moredetails on taxdeferred accounts.

4.5. Where to Buy

US gvernment bonds can be bought from banks and brok&rey can also be bougtiirectly from the US
Department of the Treasuryhicheliminates all transaction costs and makes it easy to transfer money to
and from your banlaccount reinvest in new bonds as the dddndsmature, etc. The internet address is:

www.treasurydirect.gov

4.6. Corporate and Municipality Bonds

Corporations and municipalities also issue borw you can invest in, but they generally do not come

with the guarantee of the US government so you must assess the risk of the individual bond issuer before
investing. This takes time and special skills. To avoid this you can invest in diversifieattfotid

through bondfundswhichinvest in bonds of a certain maturity and credit ratingm many different

issuers It is beyond the scope of this book to describe bémts in detail. This bodksteadsuggests the
investor keeps the investment stiedy simple by combining ridkee US government bonds with a volatile
stockmarket indexas describedh the following sections.
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4.7. Summary

It was showrthat US government bonds withylear maturityhistorically hae failedto earn back the
purchasingpower that was lost due to inflatiom 3 out of 10 years. US government bonds witky&@ar
maturity were also an imperfect protection against inflatiithough they pefiormed better than bonds
with 1-year maturity

Inflation-protected government bonds knvn as TIPS are adjusted for inflation but they affer a lower
yield than normal government bondecause theexpectedfuture inflation is priced into the yield
Whether TIPS aréetter or worse than normal government bonds depends on whether the datélation
turns out to behigher or lower than the expected inflati@ireadypriced into theTIPSyield. Because the
future inflation is generally unpredictable it is not possible to say in advance whether TIPS or normal
government bondsvill give the Ighest return Thismayseemconfusing and if you are in doubt thgou
mayeither buy half TIPS and half normal government bandssimply stick with the normal government
bondsfor simplicity.

Thedailymarketprice of a bond changes inversely with ngas in bond yield anithis effect is stronger for
bonds with longer maturity. You could therefore lose or gain substantial amounts of money if you sell a
bond before it matures. Whether you will lose or gaima premature salef a bondis generally
unpredictablebecause it depends on overall changes in interest ratesd® should therefore be bought
with the intention of owning them until they maturat which timethe principal is repaid in fullf you are
unsure whether you will neethe money within a few years then you shoihgest ingovernment bonds
with shorter maturity such as ongear and reinvest in new bonds when the old ones mature.

This section focused on US government bonds and only briefly mentioned corporate and niityicipa
bonds. The book generally suggests you keep your investmextegyr simple by investing in
USgovernment bonds because they are guarantegadhe USgovernment To increase the longerm
return of your portfolioyou can invesa part ofthe portfolioin a stockmarket indexas discussed in the
following sections.
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5. What is the S&P5007?

TheS&P500is a secalled stockmarket index which consists of the stocks of 500 large compamnidSA
Before we can understand what tH&&P500is, we first need to understand what a stock is.

5.1. Whatis a Stock?

Theterminologyfor stocksis somewhatambiguous and we will use the terms stock and share
interchangeablyn the following A share or a stock represeragart ownership in a company .yibu buy a
share inthe CocaColacompany theryou become a part owner ¢hat company. This means ytave

voting rightsat the annual meetingroportionate to the number of shares you own, and yare entitled to
future dividend payments on each shaprovided the Coc&ola company is profitable and decides to pay
dividendson its stock.

5.1.1. Shareholder Liability

If a company goes bankrupt then the shareholders are not liable for any debts the company might have, so
the mosta shareholdecan lose is the ama paid for the stockThisis true for stocksyouwould buy

through a broker on a publ&tockexchang such as NYSE or NASDAQ.

However, fiyou buy stock in a privatompanythat is not listed on a stoekxchangethen you may also
KFEgS G2 |3INBS (2 0SS NBa Llptyeadebistatliatfiliftebih case wf San@upteyl K S
But we will ignore that here because laymen usually do not buy stock in private companies.

5.1.2. Shareholder Value
Ashareholderreceivesvalue fromowningshares in two wayg1) through dividendghat the company pays
out while you ownthe shares and(2) through a1 increasen shareprice when theshares are sold.

The dividends are usually much more predictable than the stock priesafrfualdividends of established
companies are rarely more than4®sof the stock pricebut the stockpriceitself can easily change +10% in

a year under normal circumstances. Under extreme conditions, for example if significant doubt arises about
the future of a company, then the stogiice can fall (80%) or momver justa fewmonths or yearsif the
pessimism turnsut to bewarranted then the stockrice may even go to zeibthe companyeventually

goes bankruptbut if thepessimisnturns out to beunwarrantedthen the stockprice may recover

completely for a Hold increaseor morewithin a year or two.

5.1.3. Predicting the Future of Stocks

It isvery difficultto predict what will happen to anindividual stock in theext few minutes, hoursradays
There areso-called hedgdundswhich are run by elite scientists that are capablgdicting stock prices
to some extentand by doinghiousands of trades each day thdsedgefundsmanage to get a high return
on averagelt would be venfoolish ofyouto think you can outsmarthesegeniuseswith their advanced
degrees in physics, mathematics, statistics and computer sciencéh@indombined experience of many
millennia.So yu should not try to predict what will happen to stock priceshia short term. You may get
lucky a few times but eventually you will Iosadly.

How about predicting what will happen to individual stocks in the long term? Warren Buffetibably
the most successfubngterm investor in modern history with a career spanning six decades. But even after
all hisexperienceand succes®Buffett still makes mistakes when investing in individual stoa&die openly
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admits Do you think you can do bettéman Buffett and &oid makingcostlymistakeswvhen investing in
individual companie?

To accurately predict thisngterm future of a stock, you would need to have a good understanding of the
company in which thetock represents part ownershigre the managers competenhd honest?s there

a goodand productiveculture amongst the employeedWill there continue to be demand for the

O2YLI yeQa LINRRdzOGa | yR Oavdl MiprbverSeats if tecyirBlogk fiakeethel K S F dzi
O2YLJ ye& Qa LINEnEhaADtire? Wit thedc@nip&idgRompanies do better and eventually pose a
serious threat to the company®nd so on.

Even if yowbelieveyou understand all the relevamt 8 LIS OG & 2 F | O 2l¥dh#tve/té @3sess T dzii dzN.
whether the shareprice is too higlsothe shaesshould not be boughtThis means you have to estimate
the future earnings of theompany, not jusfor the next year butfor ten yearsor moreinto the future.

If Warren Buffettsometimesfails at making theseomplexassessments aftdraving beerthe g 2 NImBsQ &
successfuinvestorfor six decades, then you should expect to make a labstlymistakesas well

5.1.4. The Simple Solution
Fortunately here are twovery simplesolutionsyou can do to protect yourself from making baald costly
invegments inindividual companies.

The firstis to diversify your investmento whatever bad happens to one stoghtl not hurt youmuch
overallbecause you have many other stocks in your portfolioeAsy and cheapay of gettingvery broad
diversificationisto invest ina so-calledstockmarket indexwhich isexplainedin more detailbelow.

The secondhing you can do to protect yoursei§ toadd toyour investment in the stocknarket indexover
time so you sometimes buhe stocks really cheap and sometimgsu buy them much too expensive
compared to the future earnings of the companies in the indek on average yopay a fair price andill
get a good returrover time Suchcumulative investings explainedin more detail insection?.

5.2. What is a Stock Index?

A stockindex is a collection of stocks that have something in comrRonexamplepne index contais
stocks of companies in the finaatsectoranother index contains stocks edmpanies ithe health care
sector,yet another index is fothe energy sectqrand so on.

You cannot invest directly in a stock index but you can invest in an-faddxhat tries as closely as

possible tomatchthe given index. The inddund will generallybuy all the stocks in the indédout

sometimes it is infeasible fahe indexfund to buy certain stocks of the index, and there are also expenses
related tomanaging the indexund which must be deducted from the return on tis¢éocks themselvesSo

the indexfund may perform slightly differeit from the actualindex

If we were to invest in a sector indskch as financial or healtare companiethen we would have to
assess theuture prospectsof that particular sector and whether the shares in that seei@generally
overpricedso we should not buy therat this point in time Although thismay seeneasier tlan selecting
individual stocks, entire sectors of stocks are also son&s subject to large swings in their shamaces,
and predicting the future of a sectorssll very difficult and should not be attempted by the layman.
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The next level is to consider an index for the entire US staaiket which would consist of alhi¢ stocks

traded on the large US sto@xchanges such as NYSE and NASDAQ. There are several thousand different US
stocks. Although there are inddunds thattry to cover most of these stocks, it is actually only necessary to
invest in a few hundred stocks the largest US companies because theperallydominate theoverall
stockmarketreturnsdue to their size.

5.3. S&P500

TheS&P500stockmarket index consists of 500 large companies in USA that operate in a wide variety of
industries including energy andility, financial services, health care, information technology, heavy
industry, consumer products, etc. TB&P500index may be used as a proxy for the entire US stock market
becausdt covers about 80% of that markit terms of thecombined size of theompanieq9].

5.3.1. Market Capitalization Weighted
TheS&P500is a secalledmarket-capitalizationweighted indexwhich meanghe index consists of
individual stocks$n proportion to thetotal market value of all the stocks.

For exampleat the time of this writing in March 2015, the company Apgdeounted forabout4% of the
S&P500index, while the seconthrgest holding was Exxon Mobil whishly accounted forabou 2% of the
S&P500index, and the thirdargest holding was Microsoft which accounted ésout 1.9%6 of theS&P500
index.

The companief the S&P500indexare choserin proportion totheir marketvalue The market value of all

the sharesof a companysalsocalled the market capitalization of the compafiyie market capitalization

of Appleis currently aboust nn 0Af ft A2y S GgKAOK A& OFfOdAFiSR FTNRY
by the price per sharédpple wirrently hasabout 5.83 billion shasoutstandingand the priceper shares

about $127, which gives a totalarketvalue of$740 billion forall! LJLJsHu@sand this isvhat is meant

by! LJLJm&rke#capitalizationSo if you were to buy all the shares of Apple anddmeethe sole owner

of the company then you would have to pay $740 biligsrovided all the existing shareholders would be

willing to sell their shares for $127 per share.

Similarly the market capitalization of E&n Mobil iscurrentlyabout $356 billiorand the market
capitalization of Microsoft isurrentlyabout $341 billion. Thproportion of companie# the S&P500

indexis determined by theemarket capitalizationsThe market capitalization of Apple is about twice as big
asthat of Exxon Mobil and Mrosoft,sothe S&P500indexcontains about twice as much Apgtock as it
contains Exxon Mobil and Microsoft stock

The10" largestcompanyin the S&P500is currently the pharmaceutical company Pfizer. The market
OFLIAGEE AT I GA 2 yis&dut $2F1 billion, vhidh S1éaRsat ordy dcdliisifor about 1.1% of the
S&P500index. The 28 largestcompanyin the S&P500index is PepsiCo whidirrentlyhas a market
capitalization of about $141 billion and therefavaly accounts for about 0.8% of tI8&P500index. The
smallestcompanyin the S&P500index iscurrentlya company called Diamond Offshore Drilling whose
market capitalization is less than $4 billion ahdrefore only accounts for 0.02 of theS&P500index
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5.3.2. Safety of Diversification
Investing in theS&P500index gives very broad diversification as demonstrated atameethis gives you
tremendous protection from problems withnyindividualcompany oinindustry.

Imagine you invest $10,000 in ti8£P500andthat its smallestcompany Diamond Offshore Drilling, goes
bankrupt and their stoclprice goes to zerdBecause thls company only accounts for 0%2of the entire
S&P500index, their bankruptcyvould only cause you to lose $2 your $10,000 investment in the
S&P500. The companypplecurrently accounts for about 4% of ti8&P500index and is by far thiargest
constituentof the S&P500. But even if Applshould go bankupt and its stock went to zergou would only
lose abait $400 on your $10,000 investment.

Of couse, the opposite is also true. If an individual compartpe S&P500index performs really well
then the impacts very smalbn the overallS&P500index For exampleif the stockprice of thesmallest
companyin the S&P500increase 10-fold then you wouldnly make $8on your $10,000 investment in
the S&P500becausehat particularcompany only accounts for 0.920of theS&P500index.

5.3.3. Replacing Companies

Companies may be added or removed from 8&P500index for a number of reasons, one of them being

OF Y1 NHzLJiOed ! O2YYAGGSS +d {4l yrehodRandaddtag@ddla RSOA
severalcriteria. Only few companies of tt#&&P500index ae replaced each year and they are generally not

the largest companiesf the index Each company that is removed is replaced with anotieenpanyso

there arealwayss00companies in the indexT heeffect of replacing companieis the S&P500indexis not
noticeableand can be ignored by the layman investor

5.3.4. Alternatives

There are many alternatives to tf&%P500index which provide similar or even broader diversification. For
example, theS&P Composite 1500dex covers abou®1% of the availablelS stockmarket comparedo

only 80%coverage for the&s&P500. TheMSCI US Investable Market 2500 index covers 98% of the US stock
marketand the MSCI US Broad Market covers 99.5% of the US stock market because it also includes stocks
of very small companies.

There are also variations of ti#&&P500indexitself, such as the equakeightedS&P500in whicheach of

the 500 companies of the origin&i&P500account for about 0.2% of the portfolio. Some people believe
the equalweightedS&P500is destined to outprform the originalS&P500because the largeaind more
mature companies will grow legsercentagewisethan the small companies. Although the argument may
sound plausible, it is not true in general. For example, Apple is the largest companysi&RE80and

during the yeaup toa | NO K H n mipckpritdlideréased almost 70%, while the smallest company in
the S&P500, Diamond Offshore Drilling, lost more than (39%) durired ylear. Furthermore, variants of

the S&P500index may have much higher exse ratios than the origin&&P500index and this

compounds into a significant cosver several decades investing as explained isection5.5below.

It is suggested that the layman invesighe originalS&P500indexfor several reasong heS&P500index
started in 1957 ands the oldest broadly diversified US steanlarket index. Although the Dow Jones
Industrial Average (DJlAlreadystarted in 186 and is therefore much oldeghan the S&P500, the DJIA
only contains 30 large companies and is hence not as diversified and representativeofitb&S stock
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market as theS&P500which covers about 80% of the US stocirketin terms of sizeAnother reason for
investing in theS&P500as opposed to newer indicésthat price and dividend data is available thoe
S&P500for almost 60 yearsandmore detailed financial data is available for more than 35 years. This
means we caget anunderstandig of how theS&P500 performed during differenhistoricalperiods and
economic conditions. Yet another reason for investing in38£500is the manycompeting indexXunds
that helpkeep the expenses lawvhich is of great importance when you invest oseveral decades

5.4. How to Invest in the S&P 500

Investing in thes&P500can be donen different ways. The specifics may have changed by the time you
read this soyou are encouraged to do your owesearch on the internetVhat follows is a general
outline.

5.4.1. Vanguard
The first company to offdndexfunds forinvesting inthe S&P500was the Vanguard Group founded by

John Bogle. Vanguatéhve some ofhe fundswith lowest expense ratigsvhichis important when you
invest ower several decadebecause a tinyncreasein annual expenses may compound into substantial
costswhen investingover severaldecadesas explained below

Vanguard currently offers three ways of investing in 88&P500, eitherthroughone oftheir mutualfunds
which they calAdmiral ShareandInvestor Sharesor through an Exchange Traded Fund (ETF) which can
be traded like normal shares through a stdwiokerusing the ticker symbol VOO@he fees and expenses
vary for these three funds and you sholldS & S| NOK G KS Odz2NNByid RSGIFAf & RAN
contact their staff for any questionds ¥ @ 2dz I NE O2y FdzaASR Fo62dzi 6KAOK ¥Fd:
internet websiteis:

www.vanguard.com

If youintend to invest for many years or even decades, then it is very important that you invest in the fund
that has the lowest expense ratio, as explained below. Vanguard requires you to initially invest a certain
amount in their fund with the lowest expensatio. If you cannot afford this, then you may be able to
negotiate a lower initial amount if you agree to add to the account regutaniich is what you should do
anyway, as explained in secti@n

5.4.2. Exchange Traded Funds

There are severdxchange Traded FundsTF}sfor investing in theS&P500which can be traded as if they
were normal shares through your stobkoker.+ I y 3 dzI NR Ql#Eead9niei@tiongd-aBoveand trades
under the ticker symbol VQOhe company SPDR offers the ETF with the ticker symbpbh8&te
company Blackrock (aka. iShares) offers the ETF with the ticker symbibbe\that the share price of an
ETF normally does not equal the priddtee S&P 500, but the percentage returns are very close.

An avantage of ETE®mpared tomutual funds is thaETFs haveo minimum amount you need to invest
while mutual funds may have minimum amounts of a few thousand dok#ditsough there may be no
lower limit when you add to your investment after thisurthermorejf you already have an account with a
stockbroker then you can bugn ETRs you would any other stocBut if you plan to invest on a monthly
basis as is suggested in sectihrthen the trading commissianfor ETFsay beeomesubstantial over time
and it may be much cheapand easier to setip an account with a mutual fund.
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5.4.3. Alternatives

Some stok-brokers and financial institutions provide index funds for their customers that are very similar
to the S&P 500 but with even lower expense ratios and broker commissions. flindsenight be

attractive alternatives to the S&P 500 if you have acceslsem, but there are a few things you should
investigate lefore investing in such a fund.

You shouldirst ensure that the fund is highly diversified in several hundred of the largest US companies so
you get a performance similar to the S&P 58&oensure that the fund is unlevered so it does not use
borrowed money, and that the fund is passively managed so the fund simply buys and holds the stocks
without active trading in amattempt to outperform the stockmarket. Finally ensure that the expensdioa

is lower than for the S&B00 fund A low expense rati very important as explaingd the next section

You should ask your stotkoker, bank or the company that handles your retirement savings if they have
any such lowcost alternatives to the S8500.

An example is the ETikat tradesunder theticker symbol SCHX provided by the company Charles Schwab.
The fund buys and holds the stocks of the 750 largest US compariiés seen more diversified than the
S&P500.Schwab also provides ETF with the ticker symbol SCHB which invests in about 2,500 of the
largest US companies. Thepense ratig arecurrently amongt the lowest for trese types of funds, andif

you are a client with Charles Schwab then you pagtackbroker commissiosfor theseETFs

5.5. Fees and Commissions

There are two costs you should beware of when investing in ifledts. The first cost is the commission
feethat you have to pay when you make your investment initiedeexfund or when you add to an existing
investment. It is important that these fees are a very low percentage of the investment amount.

As will be discussed in secti@nyou should ideally add to yo®&P500investment every month, because

you are then more likely to pay a fair price for the shares, on average and over time. But if the amount you
can afford to invest on a monthly basis is so small that trading commissiersssubstantial part of the
investment amount, say 1% or more, then you should save the money for several months until you can
invest an amount where the trading commission is lower than 1%. In the meantime you can invest the
money in US government boado get some return on the money, see sectibn

For example, if you can only afford to save $100 per month and you have to pay $10 commission each time
you add toyour investment in theS&P500indexfund, then you have effectively already lost 10% on the
investment just to pay for the commission. This loss will probably take you more than a year to make up
from the returns on thes&P500. Instead you should savhd $100 each month until you have $1,000 or

more. Then the $10 commission only represents 1% of the amount you jmu@sh ison averageearned

back within a month or two of investing in tt8£P500index

5.5.1. Expense Ratio

The other cost of investing in tH&&P500that you should bevare of is the expense ratio of the indéxnd.

This may seem like a tiny cost, but over decades of investing even a tiny difference in the annual expense
ratio compounds into a substantial overall cost.

For example, at the time of this writing in March 2015, the expense ratio is about 0.1% for the SPY ETF.
Compare this to the expense ratio of 0.05% for the VOO ETF. At first glance this looks like a tiny difference
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in expense rati@specially because theye already so lowlf you invest $10,000 in both the SPY and VOO
ETFs, and the price of ti8£P500index does not change for the year, then the expense ratio corresponds
to $10 for SPY and $5 for VOO. Five dollars difference seems tiny and unimpomgatred to your

$10,000 investment. But if you keep the investment for 30 years an&&®500gains 9% per year on
average, then the SPY investment woaldy be worth $129,073vhile the VOO investment would be

worth $130,863 after 30 yearsThe differere is almost $1,790. So by merely investing in VOO instead of
SPY you will end up with $1,790 more after 30 yeshgntaxesare ignored If the inflation over the next

30 years is 3% per year, then the $1,790 in 30 years from now corresponds to al@@so8ady, which is
7.4% of the original $10,000 investme¥ithat seemed like a tiny difference in expense ratio compounds
into a substantial difference over many years. Furthermore, if you add to§&B500investment on a
monthly basisas suggested irestion 7, then thecompounded savingsecomeeven greater.

The average expense ratio for an indard that investsin the S&P500is 0.36%according to the research
company MorningstarLet us see how much we would pay in expenses if we seleatatlaxfund with

this expense ratioAssumeagain thatyou invest $10,000 and th®&P500gains9% per yeaandthe index

fund takes 0.36%0 cove their expenses each yeakter 30 years you$10,000investment would be

worth $120,141 which is $10,722 ldbsin if the money had been invested in an indard with an

expense ratio of only 0.05%, such as the VOO fund mentioned above. If the inflatinthe next 30 years

is 3% per year, thethe $120,141 in 30 years from now corresponds to almost $49,497 today. Compare this
to the investment in the VOO fund witts 0.05% expense ratiwhere the $10,000 investmentould be

worth $130,863 after 30gars whichcorrespondto almost $53,914 y i 2 Rl & Q dadjMsieg e G KSYy
3% inflation per yearThe difference between an expense ratio of 0.05% and 0.8&%spondo about
$4,417intodayQ & Y, 2vkich & more than 44% of the original $10,000 itwest.

What may seem like a small difference in expense ratio, will compound into a substantial under
performance when investing for several decadess thereforevery importantthat you invest in the
S&P500indexfund that offers the lowest expense ratio, unless there are very good reasons to invest
elsewhere.

5.6. Summary

TheS&P500is a stockmarket index which contains the stocks of 500 of the largest companies inTHSA.
S&P500is diversified in all majdsusiness sectors and covers about 80% of the total US-stacket in
terms of sizeThe largest company currently accounts for about 4% ofS&E500index while the smallest
company only accounts for 0.920f the index. Thisroaddiversification protets the investor from making
costly mistakes when investing in individual companies.

There are mangther stock indices but th&&P500has two advantage® the layman Firstly, there are
many mutual funds and Exchange Traded Funds (ETFs) available$tingnin theS&P500. You should
select the indexund with the lowest expense rativhich isveryimportant if you invest over several
decadedecause it saves you substantial amounts of mamesr time Secondly, historical data for the
S&P500is avaliablefrom 1957which allows us to study the performanderingdifferent periodsto get an
understanding of thénistoricalrisks and returns of th&&P500. This is done in the following section.

% Calculated asvalue = Investd Amounix (1 + Returig Expense Ratid}°= $10,000 x (1 + 9¢0.05%°’F PmMon =y c o
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6. Historical Returns of the S&P500

This section studies the historical returns of B&P500index.Although theS&P500dates back to 1957,
this section only uses dat&ginning in Januard®62because thes&P500is compared to US government
bondswhosedata isapparentlyonly publiclyavailable from 1962. The period between 1957 and 1962 was
uneventful for theS&P500and itsprice increased steadily duringosefive yearssothey can safely be
ignoredhere. Taxes aralsoignoredin this section andiscussed in sectioho.

This section has a lot of statistics. If you get confused and want to skip it, make sure you read the summary.

6.1. Long-Term Returns

Atthe beginning of January 1962 tpece for theS&P500was almost71 andat the end of December
2013it was almos#1,850.This was aeturn of more than 2,500%ver 52 yearscorresponding t@ return
of almost 6.5% per yeam average

The companies in thB&P500also pay dividends which are niocludedin the annual 6.5%ricereturn of
the S&P500. The secalled total return of thes&P500assumedlividends arereinvested each yeand
there areno taxes With dividends reinvestedhe S&P500gainedmore than12,000%during these52
years, whichmeans that $1 invested in th®&P500in January 1962 would haween worthabout$121 in
December 2013. This corresportdsan averageannualreturn of almost 9.7%Thisis shown irFigureb.

Figureb5: Total return for theS&P500when dividends are reinvested. Period is January 1962 to December 2013.
Data¥ N2Y { Gl yRINR 9 sourdeReNIa)and[11.4 SNy I G§A FS
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6.1.1. Inflation
Although $1 invested in th8&P500in 1962 had increased to about $121 at the end of 20t8ugh the

increase in thes&P500priceand reinvestment of dividendshe purchasing power dhe dollar had in the
meantime decreased by (87%) because of inflafidre inflatioradjustedreturn on theS&P500was
therefore only about 1,500%over 52 years whichorrespondto an averageeturn of about 5.4%per year

This means thaf iyou investedn the S&P500during this periodhen after 13 year®n average, the
inflation-adjusted value ofourinvestment had doubledndyou could buy twice as many gogé@sen

though thegoodshad becomenuchmore expensive due to inflatioturing those 13 yeardfter 26 years
you could buy four times as many goods, after 39 years you could buy eight times as manygdods
finally after 52 years you could bugarlysixteen times as many goods for the money you had originally
invested in theS&P500. This doubling in purchasing power of your investment every 13 years shows the

power of compounding investment returns over many years.

6.2. Causes of Growth
To assess whethéhe historical returns of th&&P500can be expected to continue in the future, we first

need toconsiderthe causes othosehistorical returnsThe return on theS&P500depends on the price
change and dividend payouts, both of which depend on theiegsof the companies in tH&&P500.
Figure6 shows the price, earnings and dividends of 8&P500betweenJanuary 1962 and December

2013which are discussed inehfollowing sections.

Figure6: Growth of the price, earnings and dividends of ti#&P500between January 1962 and December 2013.
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6.2.1. Earnings

On average, therice of theS&P500grew 6.40% per year while the earnings grew slightly nao&45%
4

per year.

In the longterm wewould expect the priceof the S&P500to follow the earnings growth, because the
earnings ultimately determine how valuable the companies inS&#£500are to their shareholder8But
the future earnings cannot be known in advance which gives rise to speculatioratisgshe price of the
S&500to be more volatile than the actual earningSuch speculatiois inevitable in stocknarkets.

6.2.2. Dividends

Now compare the earnings and dividendd$-igure6 and note that the dividends grew more smoothly than

the earnings. Dividends are paid out to shareholdevsfthe earnings so in the lorigrm dividends

cannot exceed the earnings. Because the earnings are volatile, companies can smoothen the dividends by
using cash reserves or borrowing money in case of temporarily declining earnings, and companies can build
their cash reserves by delaying dividend increases whein¢henings are growing.

Share Buybacks

On average, the dividends only grew 5.5% per ydach was almost 1% (percentage point) less than the

earnings growth of 6.45%.@ossible cause dhis disparity is that US companies have significantly

increased theirs® | f f SR aKI NS o0dz2ol 01a aAyOS (KS YARBanmdphpn Q2
use the money to repurchase some of the shares ftbeshareholders who wish to sell their shares.

Whether this is good or bad for the remaining shareholders depends on the-phaeerelative to future
earnings, whiclis something thatannot beknown in advance This meana share buyback isgeculiar

form of investment that the company makes on behalf of its remaining shareholders. If themizee
eventually turns out to have been too high then the share buylemkld havedestroyed value forhe
remaining shareholders, armbnverselyif the shareprice eventually turns out to have been a bargain then
the share buybactould haveincreased value for the remaining shareholders.

There is an elaboratmathematicaltheory on how to assess whetheishare buyback is good or bad for
the remaining shareholdersee[12]. Butthisis not something small private investor in th8&P500
should be concerned about

6.2.3. US Economy

The secalled Gross Domestic Product (GDP) measures the total size of the US economy. In 1962 the GDP
was almost $600 billion and by 2013 the GDP had grown to more than $17,000 billion, which corresponds
to a growth of almost 6.7% per year on average. iBgsnilarto the earnings growth for th&&P500

which was 6.5% per year on averagé would expecsucha close relationship between the US economy

and theS&P500because the companies in tl8%P500are some of the largest companies in USA

* The price growth was previously reported to be 6.5%ywar because it was calculated using the start
and endvalues of the S&B00, while the growth rate of 6.40% per year is calculated by fittingcaked
exponential curve to the data so as to lower any distortion that might be caused by those padtanar
and endvalues. The estimated growth rates are very similar and you can ignore this minor technicality.
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6.2.4. Inflation , Population and Productivity

Asignificantcause othe growth in the US economy and the earnings of #8°500was inflation.
Between 1962 and 2013 the inflatiovas about 4.8 per year on averagas measured by the CPI in
section3. The earnings of th8&P500grew almost 6.5% per year during this periachich was almost
2.5%(percentage pointsinore thanthe inflation each year

There areseveral causes fohe earnings growtlof the S&P500exceeding thenflation. One cause is the
growth in the US populationn January 1962 there were about 184 million people in USA and by December
2013 the population had grown to almost 318 millidimis corresponds to a growth rate of about 1.06%

per year on averagd.he population growth was larger in the earlier part of this period.

Anotherandmore significant cause of earnings growth for 8&P500is increased productivity of US
workers. This@&n be measured by adjusting the GDP for both the inflation and increased population. The
adjusted GDP growth rate was about 2.0% per year on average. This means the productivity of each US
worker increased about 2% per yemrdalmost tripled between 196and 2013. The work hours did not
increase from 8 to 24 hours a day, so the cause of this improved productivity is likely the technological
innovation that occurred during that period.

6.2.5. Forecasting t he Future
The historical return on th&8&P500wasmainlydriven by inflation, increased productivity of US workers,
and a growing US poptian.

The most mgnificant factor was inflatioonf about 4% per yeaon averageWhatever the future inflation is
going to be, thes&P500can be expected tgrow at least as much e inflationover time This is
becausehe price of goods and servicéxrease with inflation and this caust® earnings to increase for
the companies in thes&P500, whichin turn causes the pricand dividendof the S&P500to increase.

The secondactorwas increased productivity of US workefsabout2% per yegrwhichwaslikely due to
technological innovationThe past few hundred years hageenhuman innovation of epic proportions.
Whether this will continue in the ture and for how long is hard to predict.

The third factor was a US population that grew about 1% per, ynough it seemed to contribute less to
the growth of theS&P500. TheUS Census Bureau estimates that the US population will gioowt 0.8%6 in
2015 andhe annual growth ratevill gradually decrease tabout 0.%% in 2060Although the US population
may grow slightly less than it previously hiagloes not appear to be an important factwrthe growth of

the S&P500, andthe companies in th S&P500mayalsosell more products abroad where populations are
growingmore and alsobecoming wealthier.

So the main question about the lostgrm future return of theS&P500seems to bevhetherthe
technological innovation will continue and for howp
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6.3. Investment Periods

The historical longerm return of theS&P500had greatly outperformed inflation and made the investor
much wealthierin terms of purchasing poweBut nerely consideringtte average return of th&&P500
overmore than half a century hides a volatility that can sometimes be extr&meexample n the nine
years ending on March 24, 2000, thece of theS&P500increased from around $367 tdl$27 for a gain
of about 316%But in the following nine years emdj on March 24, 2009, tharice of theS&P500
decreased from about $827 to $806or aloss of about (47%]jhat is, nearly a halving in pricBobetter
understand the historical risks and returns of tB&P500we must therefore considemanydifferent
starting datesand investment durations

6.4. Investing for 1 Year

We first consideone-yearinvestment periodgor the S&P500index The earliest ongear periodthat we
considerstarted in January 1962. Thestone-year period started in December 2012 and ended in

December 2013We do not merely consider investment periods that match the calendar years but consider
all possible starting dategor example, the first investment periage considesstarted on Januar2, 1962

and ended on January 2, 19@ut we also consider the investment period that startedtbe following
day,January 3, 1962 and ended on January 3, 1963. Altogether we consider a total of 12,§@&one
investment periods between January 1962iddecember 2013.

The average return fahe S&P5000verall these oneyear investment periods was about 11.28at there
were greatdifferencesin returndepending on when the investmestvere made.

Theworst one-yearlossfor the S&P500was (46.8%) which occurréadlthe year following March 5, 2008
where the price of th&8&P500was $1334 anddecreased to $68a year lateythus havinga lossof
(48.8%0 which was slightly offset by a dividend yief®2%for a total return of (46.8%)

The greatesione-yeargainfor the S&P500was 71.8% which occurred in the ydaltowing March 9, 2009
where the price of th&s&P500was $67 andincreased to $1140 a year latethus havinga gainof 68.6%
plus a dividend yield of 3.2fér a total return of 71.8%

An example of @ne-year return that was very close to the averagéurn, occurred in the year following
October 19, 1964 where the price of ti8&P500was $84.93andincreased to $91.80 a year latéhus
havinga gainof 8.1% plus a dividend yield of 3.186 a total return of about 11.2%vhich wasaboutthe
same as thaverage return for albbne-yearinvestment periods between 1962 and 2013.

In summarythe oneyear returns of thes&P500were 11.2% on average, but thetuens were very volatile
and ranged between a loss of (46.8%) in one year and a gain of 71.8% in anothelajfeafrthe me-year
returns were between % and 22%.

6.4.1. Compared to Inflation
An important reason for investing is to make up for inflation. So let us compare ho8&R800

performed relative to inflation over all orgear periods between 1962 and 2013n averagethe S&P500
returned 7.1%(i.e. percentage pointshore thanthe inflation. But because th8&P500was highly volatile
the return on theS&P500was only greater than the inflation about7 out of 10 years.
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The worst undesperformance occurred in the year following October 3, 1973 during whicls&®500
lost (39.4%and at the same time inflation was very high at 12%, thus giving an infedjosted loss of
(45.9%) for thes&P500.

Conversely, th&&P500outperformed inflation the most in the year following March 9, 2009, which was
already mentioned above as tlyear in which thes&P500had its greatest historical orgear return of
71.8%. During this year the inflation was only 2.3% so the inflatitimsted return on thes&P500was
about68%.

Note thatthe correct way of calculating inflatiesdjusted returngs touse division rather than subtraction,
so the return on theS&P500is divided by thehange in theCPl For example,a 71.8% return of the
S&P500and a 2.3% increase in the @Ries an inflatioradjusted return ofL71.8% / 102.3% 1 = 68%
rather than calculating the inflatioadjusted returnusing subtraction like s@:1.8%c 2.3% = 69.5%.
Although the results arquite similarandwill often suffice for making quiokstimates

6.4.2. Compared to US Government Bonds

Now consider whether th&&P5000r USgovernment bonds were better investmentghen investing for
one yearand ignoring taxesBetween 1962 ath2013 theS&P500outperformed US government bonds in 7
out of 10 years, about the same frequency as 88&P500outperformed inflation. On averageh¢ S&P500
returned 5.6% (i.e. percentage points) more than US government bonds witiiearematurity.

The worst undesperformance occurred in the year following November 20, 2007 wher&8@500ost
(45.8%) and US government bardturned 3.3%.

Convesely, theS&P500outperformed US government bonds the most in the year following March 9,
2009, which was already mentioned above as the year in whicB&®500had its greatest historical ore
year return of 71.8%. During this year US government bogidsned only 0.7%.

6.5. Investing for 5 Years

Now consider §ear investment periods for th8&P500index. The earliest-gear period we consider

started in January 1962. The lasyé&ar period started in December 2008 and ended in December 2013. We
do not meely consider investment periods that match the calendar years but consider all possible starting
dates. For example, the first investment period we consider started on January 2, 1962 andbemadesl

later. But we also consider the investment periodtthtarted on the following day, January 3, 1962 and
ended5 years later. Altogethewe consider a total of 11,694 fiweear investment periods between January
1962 and December 2013.

The average annualized return for tB&P5000ver all these §ear investment periods was about 9.6%.
There were big differences in annualized return depending on when the investments were madee
annualized returns were less extreme when investingfpearscomparedto just oneyear.
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Worst 5 Year Period

Theworst 5-year loss for th&s&P500was (34.4%) which occurred in tBgearsfrom March 5, 20040
2009 This corresponds to an annual loss of (8.1} iscompounded fol5 years.The starting price for
the S&P500was $1157 which deceased to $68 five years later for doss 0f(41.0%) which was offset
slightly by dividends that were reinvested during the yesrshe net loss was (34.4%hisperiodis shown
in Figure?.

Figure7: Comparison of the total return for th&&&P500index, US government bonds and inflation as measured by
the US CPI. Starting date is March 5, 2004 and itmesit period is 5 years.
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Best 5 Year Period

The greatesb-year gain for thes&P500was292%which occurred in th& yearsfrom August 11, 1982 to
1987. This corresponds to an annual gain of 3thttiscompounded fols years.The starting price for
the S&P500was $102.60 which increased to $333.33 five years later 225 gainwhich was further
increased by dividends thatexe reinvested during the years so the total gaias292%.Thisperiodis
shown inFigure8.

Figure8: Comparison of the total return for th&s&P500index, US government bonds and inflation as measured by
the US CPI. Starting date is August 11, 1982 and investment period is 5 years.
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Average 5 Year Period

An example of &year return that was very close to the averag®ualizedeturn of 9.6% occurred in the
5yearsfrom June 281989 to 1994The starting price for th&€&P500was $325.81 which increased to
$446.07 five years later for &% gainwhich was further increased by dividends that were reinvested
during the 5 years so the totghinwas58%corresponding to about 9.6% per year on averagesperiod
is shown irFigure9.

Figure9: Comparison of the total return fothe S&P500index, US government bonds and inflation as measured by
the US CPI. Starting date is June 28, 1989 and investment period is 5 years.
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Summary

The 5-year returns of thes&P500were 9.6% per yearon average, but the returns werguite volatileand
ranged between a annualizedoss of 8.1%) in oneb-yearperiodand an annualizedyain 0f31.4% in
another5-yearperiod. Half ofthe 5-year periods hadnnualizedeturns between3% andl5%.

6.5.1. Compared to Inflation

Now compare thes&P500returnsto the inflation over all Syear periods between 1962 and 2013. On
average, thes&P500returned 5.3% (i.e. percentage points) more than the inflation each year. But because
the S&P500was highly volatile compared to the inflation, the return on B&P500was only greater than

the inflation in about 67% of the-$ear periods.
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The worst undefperformance occurred in the 5 years from October 2, 1969 to 1974 during which the
S&P500lost (4.3%) per yeayn averageand at the same time inflation was high at @%er year, thus
giving an inflatioradjusted loss of (10.2%) per year for tB&P500.

Conversely, th&&P500outperformed inflation the most in thé yearsfrom August 111982 to 1987
which was already mentioned aboaed shown irFigure8 as the5 yearsin which theS&P500had its
greatest historical return o31.4%per year Duringthese 5yearsthe inflation was onh\38.2%oper yearso the
inflation-adjusted return on thes&P500was27.3% per year

You may note that these inflatieadjusted returns of th&&P500are not calculated by subtracting the
inflation from theS&P500return. As mentioned in sectioB.4.1, the correct way of calculating inflatien
adjusted returns is to use division rather than subtraction.

6.5.2. Compared to US Government Bonds

Now consider whether th&&P5000r US governmerbonds were better investmentaver 5year periods
We consider the total return of th8&P500where the dividends aresinvested, and we consider US
government bonds with ongear maturity that are reinvested in new government bonds after each year.

Onaverage, the&s&P500returned 3.7% (i.e. percentage points) more than US government bonds each
year, when investing overfear periods. But because ti8£P500was highly volatile compared to
USgovernment bond, the return on theS&P500was only greater than the return ddSgovernment
bonds in about 66% of theyear periods.

The worst undesperformance occurred in the 5 years from March 5, 2004 to 2009 during which the
S&P500lost (8.1%) per yearn averageand at the same time US genviment bonds returned 3.1% per
year on averagerlhis is shown iRigure?.

Conversely, th&&P500outperformed US government bonds the most in the 5 years from ibbee 1,
1994 to 1999. During these 5 years tB&P500returned 28.3% per year on average while US government
bonds only returned 5.5% per year on average.

6.6. Investing for 10 Years

Now consider 1§ear investment periods for th8&P500index. The earliest@tyear period we consider
started in January 1962. The lastyl€ar period started in December 2003 and ended in December 2013.
We do not merely consider investment periods that match the calendar years but consider all possible
starting dates. For exampléhe first investment period we consider started on January 2, 1962 and ended
10 years later. But we also consider the investment period that started on the following day, January 3,
1962 and ended 10 years later. Altogether we consider a total of 1@edd@ear investment periods

between January 1962 and December 2013.

The average annualized return for tB&P5000ver all these 1§ear investment periods was about 10.1%.
There were big differences in annualized return depending on when the investmentsmade, but the
annualized returns were less extreme when investing for 10 yearpared toust oneyear.
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Worst 10 Year Period

Theworst 10-year loss for th&S&P500was (33.6%) which occurred in the 10 years from March 3, 1999 to
2009. This corresponds to an annual loss of (4.0%) that is compounded for 10 years. The starting price for
the S&P500was $1,228vhich decreased to $696 ten years later fdoss 0f(43.3% which was offset
somewhatby dividends that were reinvested during the yedrkisperiodis shown inFigurel0.

Figurel0: Comparison of the total return for th&&&P500index, US government bonds and inflation as measured
by the US CPI. Starting date is March 3, 1999 and investment period is 10 years.
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Best 10 Year Period

The greatest 1§ear gain for thes&P500was 509% which occurred in the 10 years from August 23, 1990
to 2000. This corresponds to an annual gain of 19.8% that is compounded for 10 years. The starting price
for the S&P500was $307Avhich increased to $506 ten years later for a 390% gain whiglas further

increased by dividends that were reinvested during the yéars totalreturn of 509% Thisperiodis

shown inFigurell.

Figurell: Comparison of the total return for th&&P500index, US government bonds and inflation as measured
by the US CPI. Starting date is August 23, 1990 amdstment period is 10 years.
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Average 10 Year Period

An example of 40-year returnfor the S&P500that was very close tis average annualized return of
10.1%, occurred in th&0years fromJuly 211995to 2005 The starting price for th8&P500was $54
which increased to 227ten years later for 422 gainwhich was further increased by dividends that
were reinvestedduring the 10 years so the totghinwasalmost 162%orrespondngto about 10.1% per
year on averagelhisperiodis shownin Figurel2. Note that the annual return of 10.1% is an average for
the entire 10year period and th&&P500was actually very volatile during this period.

Figurel2: Comparison of the total return for th&&&P500index, US government bonds and inflation as measured
by the US CPI. Starting date is July 21, 1995 and investment period is 10 years.
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Summary

The 1Qyear returns of thes&P500were 10.1%per yearon average, but the returns were quite volatile
and ranged between an annualized lossbh0%0) in one 1§ear period and an annualized gainl®.8% in
another 10year period. Half of th&0-year periods hadnnualized returns betweeb.6% and 14%.

6.6.1. Compared to Inflation

Now compare thes&P500returnsto the inflation over all 168/ear periods between 1962 and 2013. On
average, theS&P500returned 5.84 (i.e. percentage points) more than the inflation each year. But because
the S&P500was highly volatile, the return on th®&P500was only greater than thmflation in about 75%

of the 10year periods.
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The worst undesperformance occurred in th#0years fromMarch 3 1999to 2009during which the
S&P500lost (4.0%6) per year and at thsame time inflation wa2.6% per year, thus giving an inflation
adjusted loss ofe.4%) per year for th&&P500.

Conversely, th&&P500outperformed inflation the most in the 19ears fromAugust 23, 1990 to 2000
which wasalready mentioned above ake 10years in which th&&P500had its greatest htsrical return
of 19.8% per yeaiThis is shown ifigurell. During these 1@ears the inflation was onlg. 76 per year so
the inflation-adjusted return on the&s&P500was16.6% per year.

You may note that these inflatieadjusted returns of th&&P500 are not calculated by subtracting the
inflation from theS&P500return. As mentioned in sectioB.4.1, the correct way of calculating inflatien
adjusted returrs is to use division rather than subtraction.

6.6.2. Compared to US Government Bonds

Now consider whether th&&P5000r US government bonds were better investmewtsen investing for
10 years We consider the total return of th8&P500where the dividends aresinvested, and we consider
US government bonds with ongear maturity that are reinvested in new government bonds after each
year.

On arerage, theS&P500returned 3.8% (i.e. percentage points) more than US government bonds each
year, when inveting over10-year periods. But because tl8&P500was highly volatile compared to
government bond yields, the return on tl&&P500was only greater than the return on US government
bonds in abou74% of the 16/ear periods.

The worst undesperformance occurred ithe 10 years from March,3999to 2009 which was already
mentioned above as the 10 years in which 8&P500had its greatest historical 3ear losf (4.0%) per
year, while US government bonds returned 3bper year on averagé&hisis shown irFigurel0.

Conversely, th&&P500outperformed US geernment bonds the most in the J@ars fromAugust 23,
1990to 2000, which was already mentioned above as the 10s/gawhich theS&P500had its greatest
historical return of 19.8% per yeavhile US geernment bonds only returned 5%4 per year on average.
This is shown ifigurell.

6.7. Investing for 20 Years

Now consider @-year investment periods fohe S&P500index. The earliest®year period we consider
started in January 1962. The |26kyear period started in Decemb&093and ended in December 2013.
We do not merely consider investment periods that match the calendar years but consider all possible
starting dates. For example, the first investment period we consider stameJanuary 2, 1962 and ended
20 years later. Butve also consider the investment period that started on the followdag, January 3,
1962 and ended@years later. Altogether we consider a total7/gd4 ltwenty-year investment periods
between January 1962 and December 2013.

The average annualized retuior the S&P5000ver all these?0-year investment periods was aboiil.4%.
There weresignificantdifferences in annualized return depending on when the investments were made,
but the annualized returns were muabsis extreme when investing fob earsnstead of just one year
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Worst 20 Year Period

The lowest annualized returmas 6.1%vhich occurred in th@0 years fromFebruary 231962to 1982 The
starting price for theS&P500was $7016 whichincreased to $11.51twenty years later for 9% gain
which wadurther increased by dividends that were reinvested during the 20 years so the totakgain
226%correspondngto about 6.1% per year on averageisperiodis shown irFigurel3.

Figurel3: Comparison of the total return for th&&&P500index, US government bonds and inflation as measured
by the US CPI. Starting date is February 23, 1962 and investment period is 20 years.
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