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Abstract
There are many different studies that both reinforce and discourage the use of

life-cycle funds for retirement investing, but a majority of these studies only look at
life-cycle funds that include the three main asset classes, which are stocks, bonds, and
cash. This study compares fixed funds, four different types of life-cycle funds, and the
use of three other non-traditional asset classes in the life-cycle funds. The three
non-traditional classes which we add to the study are real estate, commodities, and high
yield bonds. We evaluate these different portfolios based on the average rate of return and
their level of risk, by conducting random simulations based on historical data.

Our simulations found that the use of non-traditional assets (commodities, real estate
investment trusts, and high yield bonds) can be useful in a portfolio as they produce a
higher mean rate of return than the portfolios with traditional assets (bonds and cash) that
we studied. The downside of the use of non-traditional assets in a portfolio is that on
average they are riskier than the traditional portfolios.

In the study, we tested two portfolios that were focused primarily on high yield bonds,
which showed that high yield bonds are a valuable asset class. These two portfolios are
the only ones that have a mean rate of return that is indistinguishable from our 100%
stock portfolio. They also have a much lower risk than the all-stock portfolio which is
very rare to see.
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1  Key Terms
● Bond: An investment class that is a portion of a corporation or government debt that

is securitized as a tradeable asset.
● Cash: A short-term investment class that provides a return through interest payments.
● Commodities: Investment class that represents raw materials such as food, gold,

natural gas, etc.
● Contrarian Investing: An investment strategy where investors do the opposite of

what the majority of investors do.
● High Yield Bond: A type of bond that pays higher interest rates than normal bonds

because they are more likely to default.
● Index Fund: A type of mutual fund whose holdings are meant to imitate a particular

market index.
● Life-Cycle Fund: Asset-allocation funds in which the share of each asset class is

automatically adjusted to lower risk as the desired retirement date approaches.
● Mean-Variance Analysis: The process of weighing the risk which is conveyed by

variance against expected return.
● Real Estate Investment Trust: Investors combine their capital to buy a share of

commercial real estate and then earn income from their shares.
● Standard Markowitz Portfolio Analysis: Theory on how risk-averse investors can

build their portfolios to maximize expected return based on the market risk.
● Stock: An investment class that represents the ownership of a portion of a company.

Stocks can also be called equity.
● Utility: How much benefit investors obtain from portfolio performance.

All the definitions of key terms were found on Investopedia.

https://www.investopedia.com/
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2  Introduction
2.1  Background Research
2.1.1 Strategies Based on Time-Horizon

Brennan, Schwartz, and Lagnodos study the optimal portfolio for an investor who has
the ability to invest in stocks, bonds, and cash. They analyze which is the best option
when the investor has a given period of time such as the time until retirement. The results
show how the time horizon of the investor changes the composition of their optimal
portfolio. If an investor is investing for the long term the best strategy is to invest
primarily in stocks and bonds. The reason for this is because the mean reversion in both
bonds and stock returns makes these two assets less risky for a long-term investor.
Whereas if the investor is a short-term investor, the best strategy is to invest in cash. This
is because cash is a zero-risk investment. (Brennan, Schwartz, & Lagnado, 1997)
2.1.2  Non-Traditional Assets

Bekkers, Doeswijk, and Lam study the implications of adding in seven
non-traditional asset classes. These additional classes were private equity, real estate,
hedge funds, commodities, high yield bonds, credits, and inflation-linked bonds. Using
the mean-variance approach, they find that adding real estate, commodities, and high
yield bonds to the traditional three will create the most value for an investor. (Bekkers,
Doeswijk, & Lam, 2009)

Chong and Miffre study the correlation between the returns of commodity futures and
traditional asset classes. In this study, twenty-five commodities are used which come
from the agriculture, livestock, metal, and energy sectors. The traditional asset classes
used are seven global stock indices and six bond indices. When comparing the correlation
between the returns of commodity futures and the stock indices they find that the
correlation between the two is low. When comparing the correlation between
commodities and the bond indices, they find that there is a low correlation between these
two as well. This means that commodities make a good asset to add to one's portfolio.
This is because with a low correlation they make a good hedge against the risk that the
short-term interest rate may rise. (Chong & Miffre, 2008)

Trainor and Wolfe use the standard Markowitz portfolio analysis and mean-variance
optimization techniques to see if high yield bonds should be in an investment portfolio.
They do this by taking data from 1986-2004 and seeing if high yield bonds would have
been in the optimal portfolio and at what level. They conclude that, in the years they
studied, high yield bonds played a substantial role in optimally efficient portfolios. Along
with this, they find that the optimal percentage should be 20% or more.  (Trainor &
Wolfe, 2006)

Stephen and Simon examine if real estate investment trusts (REITs) add value to a
mixed-asset portfolio. They do this by looking at the portfolios with and without REITs,
then seeing how both risk and return are impacted. This process is done across four
different time horizons which are five, ten, fifteen, and twenty years. The first conclusion
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they come to is that, across all four-time horizons, REITs consistently provide
diversification benefits that increase as time extends. The second and final conclusion
they draw is that the benefits of REITs appear to come from both its return enhancement
and risk reduction. (Stephen & Simon, 2005)
2.1.3  Life-Cycle Strategy

Poterba, Rauh, Venti, and Wise research different life-cycle investment strategies that
an investor can use over their investing career. The first one that they touch on is an
all-stock portfolio, which they find is much more effective than the alternative all-bond
portfolio. They also say that, among all the different scenarios They did, the all-stock
portfolio had the highest expected utility. Another strategy they bring up is the life cycle
strategy. They say that all the different kinds of life-cycle funds are much less risky than
the all-stock portfolio. The final strategy which they bring up is the ‘no-lose strategy,
which is when one purchases enough riskless bonds as they age to make sure they will
have no less than their nominal contribution. With the balance they have left, it will all go
into corporate stock to ensure that there is some upside potential to this strategy as well.
The conclusion Poterba, Rauh, Venti, and Wise draw is that although there is very low
risk to this strategy, it is not as effective as the life-cycle funds, since the return is not as
high. (Poterba, Rauh, Venti, & Wise, 2009)

Pfaus' study defends the use of life-cycle funds as there are many articles that cast
doubt on them. The first life-cycle fund he goes over is the “Lifecycle 80” fund, which
maintains a stock, bond, and cash allocation of (90% / 7% / 3%) for the first 20 years, and
then gradually goes to (55%/ 31.5%/ 13.5%) by the set retirement date. The next life
cycle fund covered is the “Lifecycle 70A” which begins with an allocation of  (90% / 7%
/ 3%) for stocks, bonds, and bills, but after the first year, it begins approaching
(52.5%/33.25%/14.25%) which is reached at retirement. The third strategy is called
“Lifecycle 70B” which stays with an allocation of (85%/ 10.5%/ 4.5%) for the first
twenty years and reaches (30%/49%/21%) by retirement. The final strategy is the
“Lifecycle 60” fund which starts at (90% / 7% / 3%) and gradually declines over the 40
years to (32.5%/ 47.25%/ 20.25%). Pfau also introduces eleven fixed strategies which
range in 10 percentage point increments from 100% stocks to 0% stocks.

The results of this study show that the fixed 100/0 is the best for the maximum return,
but it also carries the most risk of all the above allocations. Of all the life cycle funds, the
“Lifecycle 80” is shown to have the highest rate of return, with the “Lifecycle 60” having
the lowest. That being said, the same is true for risk, the “Lifecycle 80” carries the
highest with the “Lifecycle 60” being the lowest. (Pfau, 2009)

Basu and Drew’s study investigates if reducing an investor’s allocation in stocks as
they near retirement is a useful strategy. Along with this, they take a look at how the size
of a portfolio affects what one's portfolio allocation is. In order to do this, they use four
different life-cycle strategies and compare them to their contrarian strategy. The four
life-cycle strategies they use to start with 100% stocks and start switching to bonds and
cash at different points in time. The four different strategies switch their investment after
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20, 25, 30, and 35 years. Once the switch starts, it goes linearly towards the goal of
having solely cash and bonds at retirement (the cash and bonds are split 50/50). The
contrarian strategies which they use are just the inverse of the four life-cycle strategies.

The results found by Basu and Drew show that the contrarian strategies are much
more effective than the typical life-cycle strategy. For the twenty-year strategy, the
contrarian actually shows a 38% better gain. This is the most dramatic of all of them,
with the other contrarians beating out their counterparts by 32%, 22.5%, and 10.6%. The
downside to the impressively higher return shown by the contrarian strategy is that it does
show a higher level of risk that may produce a different result for one than this study
shows. From Basu and Drew’s research, we can conclude that the most growth in value
of accumulated wealth actually takes place in the later years rather than earlier years.
(Basu & Drew, 2009)

Pang and Warshasky compare the investment performance of a balanced fund and a
lifecycle fund by using average asset allocations observed in the market. The life cycle
fund strategy which they used starts off at age 25 with 88% stocks, 8.4% government
bonds, and 3.6% cash. It ends at age 65 with 30% stocks, 42% government bonds, and
28% cash. The balanced fund which they are comparing it to has 66% stocks, 26.4%
bonds, and 7.6% in cash. Like many of the other articles, the conclusion shows the
balanced fund will outperform the lifecycle fund, but it has much more risk that comes
along with it. (Pang & Warshawsky, 2008)

3 Methodology
3.1 The Data Used
3.1.1 Stocks

For stocks, we used data from Standard and Poor's 500 (S&P 500) which ranged from
1980 to 2020 (“S&P 500 historical returns”, 2021). The S&P 500 is a stock market index
that tracks 500 publicly traded companies. The index includes companies from all the
major sectors of the U.S. economy. The reason we chose this index is because it is
considered by many investors to be the best overall measurement of American stock
market performance.

From this data, we found the yearly rate of return for stocks. We then used this to
create a histogram of the data so we could see how this data was distributed. The
histogram is shown in Figure 1. The histogram of this data tells us that this data is not
normally distributed and it has left skew. For this study, we make the simplifying
assumption that the rate of return is normally distributed. The mean and the standard
deviation of the rate of return was computed which we used in our simulation. The mean
of this data is 10.08% and the standard deviation is 15.65%.
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Figure 1: Histogram of S&P 500 annual rate of return.

3.1.2 Bonds
To represent bonds in our study, we used data from Bloomberg Barclays U.S.

Aggregate Bond Index which ranged from 1980 to 2018 (Kenny, 2020). This index
consists of approximately 8,200 fixed-income issues and it measures the performance of
investment-grade bonds in the United States. It is also valued at about $15 trillion which
means that it represents 43% of the total U.S. bond market.

From this data, we found the yearly rate of return for bonds. The histogram created
for this is shown in Figure 2. As we see in Figure 2 the rate of return has a right skew. We
once again made the simplifying assumption that the rate of return is normally
distributed. The mean for this data is 7.67% and the standard deviation is 6.88%.
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Figure 2: Histogram of Bloomberg Barclays U.S. Aggregate Bond Index annual rate of
return.

3.1.3 Cash
To represent cash in our study, we used data from a certificate of deposit (CD)

ranging from 2001 to 2018 ("Cd interest rate chart", 2018). This fund is one of the most
conservative investment vehicles one can use. From this data, we found the yearly rate of
return for the CD. We then used this to create a histogram of the data so we could see
how this data was distributed. The histogram is shown in Figure 3. The mean for this data
is 1.40% and the standard deviation is 1.69%.
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Figure 3: Histogram of CD annual rate of return.

3.1.4 Commodities
To represent commodities in our study, we used data from the S&P Goldman Sachs

Commodity Index (S&P GSCI) ranging from 1993 to 2020 (“S&P GSCI Jan '21
historical data”, 2021). The S&P GSCI is a composite index of commodities that
measures the performance of the commodity market. It is made up of 24 exchange-traded
futures contracts that cover physical commodities spanning five sectors. The five sectors
are energy, industrial metals, precious metals, agriculture, and livestock which do not
often change, but the weights of each sector differ from year to year.

The histogram for the yearly rate of return of this data is shown in Figure 4. The mean
for this data is 6.92% and the standard deviation is 26.75%.
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Figure 4: Histogram of the S&P GSCI annual rate of return.

3.1.5 Real Estate Investment Trusts
To represent real estate investment trusts in our study, we used data from the FTSE

U.S. Real Estate Index ranging from 1971 to 2020 ("Monthly Historical Index Data",
2021). This index tracks the performance of the United States real estate investment trust
industry at an industry-wide level. The companies which are included in the index
include all tax-qualified REITs with more than 50% of total assets in qualifying real
estate assets other than mortgages secured by real property.

From the yearly rate of return that we found for this data, a histogram was created.
This histogram can be seen in Figure 5. This histogram tells us that the yearly rate of
return for REITs is not normally distributed as it has a left skew. The mean for this data is
3.45% and the standard deviation is 18.74%.
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Figure 5: Histogram of REIT annual rate of return.

3.1.6 High Yield Bonds
To represent high yield bonds in our study, we used data from three different funds.

The first fund is the Salomon Smith Barney High Yield Composite Index which ranged
from 1980 to 2002. The second fund is Credit Suisse High Yield Index which ranged
from 2003 through 2013. The third fund is the S&P 500 Investment Grade Corporate
Bond Index which ranged from 2014 to 2019 (Kenny, 2020). The reason we used three
different funds is because there was no data that we could find which had this range in the
time period.

The histogram created from the high yield bonds’ yearly rate of return is shown in
Figure 6. The mean we found for this data is 10.19% and the standard deviation is
14.31%.
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Figure 6: Histogram of high yield bond annual rate of return.
3.2 Portfolios Used

In our study, we will be using a total of twenty-eight different portfolios. This
includes six 100% assets, five fixed portfolios, five non-traditional fixed portfolios, six
life-cycle portfolios, and seven non-traditional life-cycle portfolios. The portfolios are all
shown in Table 1 below. The right column represents the 'code' for the portfolio and the
left gives the description of the portfolio.

100% Asset Fixed

100S 100 % Stocks

100B 100 % Bonds

100C 100 % Cash

100COM 100 % Commodities

100R 100 % REIT

100HY 100 % High Yield Bonds
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Fixed Portfolios

80S 80% in Stocks with 10% in Bonds and 10% in Cash

60S 60% in Stocks with 20% in Bonds and 20% in Cash

40S 40% in Stocks with 30% in Bonds and 30% in Cash

20S 20% in Stocks with 40% in Bonds and 40% in Cash

100BC 50% in Bonds and 50% in Cash

Non-Traditional Fixed Portfolios

NT80S 80% in Stocks 20% split between Commodities, REITs, and HYB

NT60S 60% in Stocks 40% split between Commodities, REITs, and HYB

NT40S 40% in Stocks 60% split between Commodities, REITs, and HYB

NT20S 20% in Stocks 80% split between Commodities, REITs, and HYB

100CHR 33⅓% allocated to Commodities, REITs, and High Yield Bonds

Life-Cycle Portfolios

LC1 Starts fixed for the first 20 years (90% stocks, 10% bonds), after
that, the allocation gradually goes to 30% stocks, 50% bonds, and
20% cash.

LC2 Starts with 95% stocks, 5% bonds, and begins heading towards an
allocation of 56% stocks and 49% bonds at retirement
automatically.

LC3 Starts with 100% stocks for the first 20 years. In the last 20 years,
the assets have switched to a portfolio of 60% stocks and 40%
cash and bonds.

LC4 Maintains stocks, bonds, and cash allocation of 90%, 7%, and 3%
for the first 20 years. For the last 20 years, it goes in a linear
fashion to 55%, 31.5%, 13.5%.

LC5 The contrarian strategy of LC6, starts with an allocation of 100%
allocation in bonds and cash for the first 20 years then
automatically goes to 100% in stocks.
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LC6 100% stocks for the first 20 years. After the first 20 years the
allocation automatically goes to 50% bonds and 50% cash.

Non-Traditional Life-Cycle Portfolios

NTLC1 Stays fixed for the first 20 years (90% stocks, 10% commodities,
high yield bonds, and REIT). After that, the allocation gradually
goes to approximately 30% stocks, 70% divided equally between
commodities, high yield bonds, and REIT.

NTLC2 Starts with 95% stocks, 5% in commodities, high yield bonds, and
REIT, and experiences a gradual decline of 1% annually away
from stocks to reach an allocation of 56% stocks and 49% split
equally between commodities, high yield bonds, and REIT.

NTLC3 Starts with 100% stocks for the first 20 years. In the last 20 years,
the assets are switched to a portfolio of 60% stocks and 40%
commodities, high yield bonds, and REIT.

NTLC4 Maintains an allocation of 90% stocks and 10% commodities, high
yield bonds, and REITs for the first 20 years. For the last 20 years,
it goes in a linear fashion to an allocation of 55% stocks and 45%
commodities, high yield bonds, and REIT.

NTLC5 Contrarian strategy of the NTLC6. Starts with an allocation of
100% allocation in commodities, high yield bonds, and REITs for
the first 20 years then goes automatically to 100% in stocks.

NTLC6 Remains fixed on stocks for the first 20 years, then automatically
goes to an allocation of 100% commodities, high yield bonds, and
REIT.

HYBLC Starts with 95% stocks, 5% high yield bonds allocation, and
experiences a gradual decline of 1% annually away from stocks to
reach an allocation of 56% stocks and 49% high yield bonds at
retirement.

Table 1: Portfolios used in the study.
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3.3 Our Hypothetical Investor
We will assume that the investor we are simulating starts investing 40 years before

their retirement date, age 25 to 65. We will also assume the investor contributes 10% of
salary, which is the minimum recommended amount by financial advisors. Our
hypothetical investors' yearly wage will be the average wage in the United States by age
group according to Clingman and Burkhalter (Clingman & Burkhalter, 2009). As Figure
7 shows us according to Clingman and Burkhalter, an individual’s wage on average peaks
at about 50 years old, then has a decline until retirement. Figure 8 shows the amount
invested each year, which is 10% of that year’s wages.

Figure 7: Hypothetical investor’s wage from age 25 to 65. The wage starts at $37,935
and ends at $45,657.
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Figure 8: Hypothetical investor amount invested each year. At 25 the investor will invest
$3,793 and $4,565 at 65.

3.4 How the Simulation was Made
We used Python to create a simulation for the hypothetical investor. The first step in

this process was calculating how much the hypothetical investor invested by taking 10%
of that year's income. After this was imported into the notebook, the first year was
multiplied by random rates of return selected from the normal distribution of that
particular asset. This number represents how much return was made on the investment
that year. This number was then added back onto the total invested which gives the total
account value at that time. This process was repeated over 40 years and was done
100,000 times. The reason we did this 100,000 times is because it shows a distribution of
likely outcomes. The mean of all 100,000 simulations and the standard deviation of the
account balance at the final year was then calculated. This mean is used for all the plots
that are shown in the results section.
3.5 Risk

To measure risk in our study, we take the standard deviation of the final year for the
100,000 simulations. The standard deviation measures the average amount of variability
in our data set, and it tells us on average, how far each year is from the mean ending
value. This means that in the case of this study if the portfolio has a higher standard
deviation, it is riskier because it is then more likely to end up farther away from the mean
return.
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4 Results
4.1  Examples of the Simulation Being Run

Figures 9, 10, 11, and 12 show ten different results from our simulations. As we can
see all ten are different from each other, if we plotted all 100,000 simulations they would
also be different from each other. This shows us that our simulation is random as we have
a different result each time.

Figure 9: 10 results from the simulations of the 100% stock portfolio plotted together.
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Figure 10: 10 results from the simulation of the 60% stock, 20% bond, 20% cash
portfolio (60S).
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Figure 11: 10 simulation results from the simulation of NTLC1 portfolio plotted
together.
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Figure 12: 10 simulation results from the simulation of HYBLC portfolio plotted
together.
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4.3 Histograms from the Simulation
Figures 13, 14, 15, and 16 show histograms of the ending balance from the 100,000

simulations. These histograms tell us that our simulation does not produce normally
distributed results. Instead, it produces results that have a right skew.

Figure 13: Histogram of the 100S portfolio’s ending balance after 40 years.
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Figure 14: Histogram of the 60% stock, 20% bond, & 20% cash portfolio’s ending
balance after 40 years (60S).
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Figure 15: Histogram of the NTLC1 portfolio’s ending balance after 40 years.
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Figure 16: Histogram of the high yield bond life-cycle (HYBLC) portfolio’s ending
balance after 40 years.

4.3 Comparing all Portfolios
The first comparison we did was a broad comparison of all the portfolios used in this

study. From Figure 17 we can see that the 100% stock, 100% high yield bond, and the
high yield life cycle are all very close to having the highest ending value. This means that
among all of the portfolios used, one of these three will provide an investor with the
highest mean return. From this graph, we can also see that it looks like most
non-traditional versions of the portfolios produce a higher return on investment. To dive
deeper into this and look at the risk comparisons, we will compare like portfolios side by
side.
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Figure 17: Comparison of all the portfolios used in the study.

4.4 Comparing Fixed Portfolios
Figure 18 shows a comparison of all the fixed portfolios used in the study. This graph

tells us that, in all of the fixed portfolios, those which have non-traditional assets
(commodities, REITs, & high yield bonds) rather than traditional assets (cash & bonds)
provide a higher return.
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Figure 18: Comparison of fixed portfolios.

Table 2 shows the mean and the standard deviation of all the fixed portfolios used in
this study. This table shows us that all of the non-traditional fixed portfolios produce a
higher mean rate of return than their traditional counterparts. We can also see that, as we
decrease the stock allocation in the portfolios, the non-traditional has a higher mean
return than the traditional by a larger amount. This is because stocks carry the return on
the fixed portfolios more for those containing traditional than non-traditional assets. The
downside to the non-traditional portfolios is that they have a larger standard deviation,
which means that they are riskier.
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Portfolio Code Mean Ending Value Standard Deviation

80S $1.88M 1.12M

NT80S $2.12M 1.31M

60S $1.42M 616K

NT60S $1.79M 879K

40S $1.07M 309K

NT40S $1.52M 658K

20S $827K 146K

NT20S $1.29M 591K

100BC $638K 92.8K

100CHR $1.11M 607K

Table 2: Mean and standard deviation of fixed portfolios

In Table 3 we can see how often the traditional fixed portfolios beat the
non-traditional fixed portfolios. This was found by counting how many times the
traditional beat the non-traditional over the 100,000 simulations. Similar to what we saw
in Table 2, as the allocation of stocks decreases the non-traditional fixed portfolios will
produce a higher mean rate of return than the traditional ones.

Traditional Fixed
Portfolio Code

Non-Traditional Fixed Portfolio
Code

Traditional > N.T.

80S NT80S 44.12%

60S NT60S 36.67%

40S NT40S 27.41%

20S NT20S 21.17%

100BC 100CHR 20.49%

Table 3: Percentage of the time traditional beats non-traditional fixed
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4.5 Comparing Life-Cycle Portfolios
Figure 19 shows a comparison of all the life-cycle portfolios in this study.  From this

graph, we can see that it is more common for the non-traditional life-cycle portfolios to
produce a higher mean return than the traditional, but there is a traditional life-cycle that
outdoes the non-traditional counterparts. We can also see that the high yield bond
life-cycle produces a much higher mean return than any of the others.

Figure 19: Comparison of life-cycle portfolios.

Table 4 shows the mean and the standard deviation of the life-cycle portfolios used in
this study. As we can see, all the non-traditional life-cycles but NTLC2 produce a higher
mean rate of return than the opposing traditional portfolio. We can also see that among
the non-traditional that beat the traditional portfolios there is a larger standard deviation
which tells us they are riskier. Looking at LC2 versus NTLC2, we see that the traditional
portfolio narrowly beat the non-traditional. There is also a very small difference in the
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standard deviation between the two which tells us the traditional is barely riskier than the
non-traditional. The reason the traditional beats the non-traditional in this case is because
LC2 does not have any cash investments. This tells us that cash may be the reason for the
downfall of traditional portfolios since it has such a low rate of return.

Another interesting comparison we can draw from this table is both LC5 and NTLC5
compared to LC6 and NTLC6. LC5 and NTLC5 are the contrarian strategies of 6, which
means that they switch to stocks later in life rather than moving away from them. Both
the traditional and non-traditional contrarian strategies produced a higher mean rate of
return. The downside to the contrarian strategies is that they produce a risk that is about
200% higher than the non-contrarian.

Portfolio Code Mean Ending Value Standard Deviation

LC1 $1.83M 944K

NTLC1 $1.95M 1.12M

LC2 $2.09M 1.11M

NTLC2 $1.96M 1.08M

LC3 $2.04M 1.35M

NTLC3 $2.23M 1.49M

LC4 $1.94M 1.12M

NTLC4 $2.08M 1.25M

LC5 $1.59M 1.03M

NTLC5 $1.92M 1.37M

LC6 $959K 358K

NTLC6 $1.43M 899K

HYBLC $2.52M 1.43M

Table 4: Mean and standard deviation of all life-cycle portfolios

In Table 5 we can see how often our life-cycle portfolios containing traditional assets
beat those containing non-traditional assets. From this, we can see that the non-traditional
life-cycles only narrowly beat their traditional counterparts most of the time. The
exception is the life-cycle 2 comparison where the traditional asset fund has a higher
return on investment 54.492% of the time.
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Traditional L-C
Portfolio Code

Non-Traditional L-C Portfolio
Code

Traditional > N.T.

LC1 NTLC1 47.25%

LC2 NTLC2 54.28%

LC3 NTLC3 46.11%

LC4 NTLC4 46.99%

LC5 NTLC5 36.34%

LC6 NTLC6 33.79%

Table 5: Percentage of the time traditional beats non-traditional life-cycle portfolios.

4.6 Portfolios with the Highest Mean Return
The portfolios that had the highest mean return in this study were 100% stocks, 100%

high yield bonds, and the high yield bond life-cycle. These three portfolios are
investigated deeper in Table 6 and Figure 20. Table 6 shows us that both 100HY and
HYBLC have mean returns that are indistinguishable from 100S. When the simulation of
these portfolios was run multiple times, the portfolio with the highest mean would often
switch.

The most interesting part of these comparisons is the risk of these portfolios. We can
see that the standard deviation of the HYBLC is much lower than the other two
portfolios, which means that it has less risk to it. The risk is 25% lower than the 100S
portfolio, which means that in the case of our hypothetical investor $500,000 could be
saved by using the HYBLC rather than the all-stock.

Portfolio Code Mean Ending Value Standard Deviation

100S $2.49M 1.99M

100HY $2.59M 1.86M

HYBLC $2.52M 1.43M

Table 6: Mean and standard deviation of the best portfolios
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Figure 20: Comparison of 100% stock, 100% high yield bond, and the HYBLC
portfolios.

4.7 Probability of Portfolios having a Higher Mean Return than Stocks
Table 7 shows what percentage of the time each portfolio will have a higher mean

return than the 100% stock portfolio. It is interesting to see that due to the high volatility
that comes with a 100% stock portfolio all of the portfolios will produce a higher rate of
return at some point in our simulation.
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Code > 100S Code > 100S Code > 100S

100B 29.5% NT80S 46.6% LC6 23.9%

100C 4.34% NT60S 40.9% NTLC1 43.6%

100COM 19.6% NT40S 33.8% NTLC2 44.2%

100R 6.31% NT20S 26.8% NTLC3 47.7%

100HYB 52.7% 100CHR 20.8% NTLC4 46.1%

80S 41.6% LC1 41.4% NTLC5 37.9%

60S 30.8% LC2 47.5% NTLC6 36.1%

40S 19.7% LC3 44.1% HYBLC 55.5%

20S 10.7% LC4 43.4%

100BC 5.28% LC5 26.6%

Table 7: Probability of portfolio having a higher mean rate of return than 100% stocks.

5 Conclusion
5.1 Further Research

Our study assumes that the mean rate of return for the asset classes is normally
distributed when in reality they are not. In further research, it would be interesting to see
what the results would be if this assumption was not made. We also only had one
traditional portfolio that did not contain cash. It would be interesting to see what would
happen if we took cash out of more than just that one portfolio. The last item which
would be interesting for future work is testing more than just one set of contrarian
strategies.
5.2 Summary

In this study, we have compared 28 different portfolios which all use a different
strategy and contain different allocations of stocks, bonds, cash, commodities, real estate
investment trusts, and high yield bonds. From our results, we have found that the use of
non-traditional assets (commodities, REITs, & high yield bonds) in a portfolio can be
useful in producing a higher mean rate of return for an investor. Along with this, we have
found that including them in one's portfolio can make it riskier. This means that for an
investor who is not afraid of risk, including non-traditional assets could be beneficial.
Another conclusion of this study is that, in a portfolio containing stocks, cash, and bonds,
cash is a major drawback. The life-cycle fund in this study which did not contain cash
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(LC2) did better than all the other life-cycle funds used. This is because of the low mean
rate of return that cash produces.

Although we only tested two life-cycle portfolios to their contrarian strategy, we
found that the contrarian did produce a higher mean return. The contrarian strategy also
had a higher standard deviation than the normal portfolio.

The final conclusion which we came to is that high yield bonds are a very effective
asset class. The 100% high yield bonds and the high yield bond life-cycle both had a
mean rate of return that was indistinguishable from the 100% stock portfolio. Both of
these portfolios also had a lower standard deviation. In particular, the high yield bond
life-cycle portfolio has a risk that is 25% less than the 100% stock portfolio which is very
rare to see since they have essentially the same mean rate of return.
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