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ABSTRACT

Today, no company is safe, no industry is secure, no rating is impartial, no advisor is certain, and
no country is immune from economic and financial malaise. The days of optimistically believing
the advisors and benefiting from investment in equity markets are long gone. Any recommended
asset or a strategy is questioned and everywhere doubts outdo trust. In these financial dark days,
however, few things are still true: rational and logical approaches endure, sound and
understandable assumptions hold, diversification works.

Diversification is a simple and yet powerful commonsensical approach to investment. It is easy to
do and it works well for small and large portfolios with few or many assets. If one chooses to use
diversifications techniques, an important question to ask is whether it is based on data across all
time-periods, or over primarily down markets when diversification is most valuable. This study
examines the performance of a well-diversified portfolio and compares the results with the
performance of other portfolios including an equally-weighted equity portfolio over the down
market from April 2, 2007 to April 4, 2009.

Although there still exits a sense of uneasiness in the stock market about equity investing, the
above average rate of returns and steady growth of diversified portfolios over the past two
troubling years compels investors to consider diversifications again. The main goal of this work is
to first examine the performance of several companies and compare their risk-adjusted returns to
the returns of indexes, mainly S&P 500, and then compare the performance of a well-diversified
portfolio with a balanced equity portfolio. Specifically, this study is going to address whether the
performance of a well-diversified portfolio meets or surpasses the performance of a diversified
equally weighted portfolio. More importantly the emphasis of this work is to determine whether
diversification consistently and significantly contributes positively to the performance of the US
equity portfolios. The asset selection and the optimization process applied to portfolios are
identical to maintain consistency and comparability of the results. For each portfolio we used the
2005-2007 daily observations to optimize allocations and we used the 2007-2009 data to evaluate
the performance of each portfolio.

1. INTRODUCTION

he sub-prime crisis of 2008 has led to significant reductions in returns of all major stocks within the
U.S. equity market. The financial market has been especially hard hit. Once housing prices started to

drop moderately in 2006-2007 in many parts of the U.S., refinancing became more difficult.
Defaults and foreclosures increased dramatically as Adjustable Rate Mortgage (ARM) interest rates reset higher.
During 2008, nearly 2.3 million U.S. housing properties were subject to foreclosure activity, up 79% from 2007. The
Economist estimated subprime defaults would surpass $300 billion. Falling U.S. housing prices and rising
delinquencies in mortgage-market losses, including securities tied to commercial real estate and loans to consumers
and companies, may reach $945 billion according to the IMF. The financial-services industry has posted losses of
$1.2 trillion since July of 2007, while Prices of U.S. single-family homes plunged 18.5 percent in December 2008
from a year earlier, according to a Standard & Poor's/Case-Shiller home price index.

The financial problems of 2008 set off a major crisis in virtually all financial sectors, and by all accounts
the U.S. Equity Market has been severely affected. Academically, however, this downturn has also provided an
opportunity to study and test what investment strategy would optimize the performance of an equity portfolio. Using
ex-post data, this research examines the implications and benefits of employing Risk-Adjusted Modeled Portfolio
(RAMP Model) allocation process to different size portfolios before and during the current financial crisis. This
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study compares the returns of optimally weighted portfolios to equally weighted portfolios and against the S&P 500
Index. In this work we have evaluated the performance of a well diversified portfolio and matched its performance
against that of similar portfolios in market. The results were striking. We found that the annualized risk-adjusted
rate of return for an optimized portfolio was significantly higher than that of S&P 500 and well above an equally-
weighted portfolio. The purpose of this research is to determine whether the RAMP Model provides superior results
when compared to the S&P 500 Index before and during the current financial crisis. Such a model will prescribe not
only the optimal number of assets to hold in a portfolio, but it also computes the optimal weights of each asset in an
optimal portfolio.

2. DATA AND RESEARCH DESIGN

The data for this research consists of 4 years of ex post daily prices and dividends from August 5, 2005 to
February 5, 2009 for 45 companies from various stock exchanges and a pool of over 90 stocks that were listed in the
New York Stock Exchange (NYSE). While there were many stocks from the total population that had daily return
data going back four years, many of those stocks had “thin” trading histories. This resulted in a significant variation
in returns due to the small number of shares traded for any given observation. The 45 stocks selected were based on
their relative trading strength and their price availability over the past four years. It was found that these stocks had
over 1,000,000 shares traded on the various trading days.

The equations in the next section describe how the various monthly return data (based on daily price and
dividend data) was calculated for each of the various sized asset portfolios ranging from 3 assets to 30 assets. As
Table 1 indicates, the research design initially uses the first 20 months of daily observations from August 5, 2005 to
April 2, 2007 to determine average returns, standard deviation and correlation values for each of the stocks in the
sample. Then, from April 2, 2007 to February 5, 2009 portfolios were formed with optimal weights based on the
statistics and information generated from the first 20 months.

Table 1: Summary of Data Selection

Data-Model Specifications
Data Daily Obsrvation From: August 5, 2005
Data Daily Obsrvation To: February 5, 2009
Optimization Methods MVP, RAMP, Equal-weights

# of Observations to Optimize 40
Optimization Rebalancing Freq. BiWeekly

Market S&P 500

3. LITERATURE REVIEW

The efficiency of portfolios has been a topic for debate over the last twenty plus years within the body of
finance literature. Depending on time periods analyzed and types of assets invested in, the answer to efficiency
varies. However, the implications for investment opportunity abound if it can be demonstrated that funds either are
or are not efficiently priced assets. If individual assets are less than efficiently priced then a strategy application of
efficiently selecting these assets using modern portfolio analysis would tend to be financially rewarding. In this
section, we examine selected articles that relate first to the efficiency of asset prices and then secondly to the
application and impact of efficient portfolio selection processes to obtain superior returns.

Chen, Ho, Lu, and Wu (2005) examine whether the addition of real estate assets can significantly expand
the mean-variance efficient frontier beyond stocks that are already publicly traded, to provide substantial
diversification benefits for investors or fund managers, is an intriguing question. Results of this study indicate that
REITs before 1985 are unable to provide additional diversification benefits. However, more recent REITS over the
period from 1986-2002 do improve the mean-variance frontier and expand the investment opportunity set.
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Salter (2006) tested the relative risk-adjusted performance of assets using both a naive and optimal
portfolio allocation strategy. The results of this study indicate that a scientific statistical approach to portfolio
selection, dominates naive methods (i.e. equally weighted) methods for the time period considered from 1995 to
2005. In addition to Markowitz optimization, the author also uses stochastic dominance, which is shown to produce
the greatest growth in capital on a non-risk adjusted basis.

Anderson and Springer (2003) develop a portfolio asset selection model based on operating efficiency and
pricing multiples. Portfolios are constructed that exhibit relatively high operating efficiency, trading at low prices.
The results of this research indicate that these pre-screened portfolios have superior performance during the first
year of selection. Further superior performance also ensued in years 2 and three, suggesting there are potential
rewards for investing in funds through a pre-screening process and then using efficient portfolio selection techniques
in indentifying superior performing portfolios.

Using monthly real estate funds data from the National Association of Real Estate Investment Trusts, Inc.
(NAREIT), Jirasakuldech and Knight (2005) test the efficiency of Real Estate Investment Trusts (REITs) markets
from 1972 to 2004. The data is segmented chronologically to take into account the effect of the Tax Reform Act of
1986 and the effect of the explosive growth in market capitalization that began in the early 1990s.

Stevenson (2002) examines the out-of-sample performance of Equity portfolios based on market sectors,
with the aim of examining the potential improvements in performance resulting from alternative methods designed
to reduce estimation error. The results indicate the best performing portfolio is not the “Minimum Variance
Portfolio” (MVP) but alternative tangency portfolios. This occurs despite the instability in the estimated allocations,
the presence of corner solutions and the frequent large shifts in the weights. Ahmadi, H., Galindo, C. (2005) in “Two
Staged Portfolio Optimizations”; and Ahmadi, H. & Soriano B. (2003) in “An Analytical Technique for
Determining Efficient Portfolios” validate this hypothesis.

In addition to the articles cited above, a number of other studies have been conducted and are relevant to
this current research. These include articles on issues of REIT efficiency, asset allocation, and Markowitz
optimization. The following list includes conducted research on many of these topics: Addae-Dapaah, Wee, and
Ebrahim (2002), Booth (2002), Stevenson (2002), Tse (2002), Lewis, Springer, and Anderson (2003), Chui, Titman,
and Wei (2003), Chen, Ho, Wu, and Lu (2005), among others. Since it is not possible to discuss these works in
detail in this study, the above list is offered as partial treatment of the relevant topics that impact this current
research.

4. DATA AND SELECTION CRITERIA

In this study, our goal is to evaluate the performance of several distinct portfolios. The components of each
portfolio, albeit different, were selected based on a thorough analysis of individual assets. The selection of the
assets for either portfolio was exhaustive relying on various reputable data sources reporting financial characteristics
of each stock. The specific criteria for selecting an asset in all portfolios are volume, P/E ratio, return on equity,
positive returns and data sufficiency. One of the most important indicators for liquidity is volume of trade. Low
volume signals the possibility of sudden price movements due to a small shift in demand for that stock. Thus, we
considered stocks with large trading volume to avoid daily swings in security prices. We compared the return on
equity (ROE) of each asset with the ROE of its industry, selecting only those assets that historically outperformed
the industry. Companies with unusually high P/E ratios and those with missing P/E data were excluded. The above
process ensures application of similar criteria to both foreign and U.S. stocks and includes only well established
companies with solid records.

5. THE MODEL

There are three common approaches to portfolio optimization — the Equal Weights (EW) approach, the
Minimum Variance Portfolio (MVP) approach, and the Modern Portfolio Theory (MPT) approach. While each of
these methods can help a portfolio manager respond to his clients’ needs, there is an additional approach that can be
used to generate an optimal portfolio - the Risk-Adjusted Managed Portfolio (RAMP) model. While the MVP and
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MPT approaches rely on variance to determine risk and help portfolio managers determine whether to buy or sell a
particular asset, RAMP considers beta and variance. Specifically, RAMP is a two-stage model that provides us with
a simple, but effective means of selecting stocks and determining the appropriate proportions of each to hold in our
portfolio. The first stage of the RAMP model uses the Treynor Index to help us select stocks for our portfolio, while
the second stage uses the Sharpe Index to determine what proportion of our portfolio should be invested in each
stock.

Stage 1 —Stock Selection

Since we need to determine which stocks to include in our optimal portfolio, the first stage of the RAMP
model assists us with stock selection. Of course, it would be very easy to form such a portfolio if there were a single
number we could use to decide whether or not to include a particular stock in the portfolio. The RAMP optimization
model finds this key number and tells us to include in our portfolio any stock with a Treynor Index that exceeds it.

R.—R
TreynorIndex = R =R
j
Where R; is the rate of return for stock “j,” Ry is the risk-free rate of return and B; is the beta value for stock *j”. Note
that both the market rate of return (Rm) and the risk-free rate of return (Rf ) result from general stock market

fluctuations and are not due to the work of a portfolio manager. In other words, (Rm -R; ) is the return of an

(Rj _Rf)

“unmanaged portfolio”. If the Treynor Index , Which is the risk-adjusted return of stock j, is greater

i
than (Rm -Rq ) then stock j outperformed the unmanaged market portfolio and stock j is a candidate to be
included in our optimal portfolio. Once again, the general rule for including or excluding stocks from our optimal

portfolio is to include the stock if its Treynor Index is greater than the key number calculated by RAMP. We will
call this key number the cut-off number.

Stage 2 — Determining Optimal Proportions

Inclusion and exclusion of stocks is the first part of the RAMP model. The second task is to find the
proportions to be invested in each included stock in order to create an optimal portfolio. This optimization process is
similar to MPT in that the proportions of the market portfolio, or Portfolio M, are determined by maximizing the
slope of the Capital Market Line (CML). In other words, we hold stocks in the proportions dictated by the maximum
Sharpe Index.

In summary, the RAMP model compares a stock’s risk-adjusted return (as measured by the Treynor Index)
with the cut-off number mentioned above to determine whether to include the stock in our portfolio. It then uses the
Sharpe Index to find the proportion of funds to be invested in each stock in order to create an optimal portfolio.
Thus, the optimal portfolio we select using the RAMP model will not only have passed the Treynor Index test, but
will also have secured the highest possible return at any given level of risk.

Rebalancing

An investor must also pay close attention to rebalancing, which is the periodic adjustment of the proportion
of the portfolio invested in each asset. Rebalancing is a means of maintaining the optimal asset mix within the
portfolio through purchase and sale of individual assets. After an investor decides how to allocate his or her assets,
the decision as to what portfolio rebalancing strategy to use is probably the most important factor in creating and
maintaining a successful portfolio. As the economic environment and market conditions change, investors must
rebalance their portfolios to incorporate current and relevant information into their asset allocation processes.

So how often a portfolio should be rebalanced? The answer to this question is partially subjective and
partially determined by factors such as the type of investment strategy and the amount of work required of portfolio
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managers in the rebalancing process. In general, we can distinguish between the following two approaches to
portfolio rebalancing:

1. Calendar Rebalancing: Rebalancing the portfolio to its optimal allocation at a certain frequency such as
weekly, biweekly, monthly, quarterly, etc.
2. Threshold Rebalancing: Rebalancing the portfolio to its optimal allocation once it exceeds a certain range.

For example, the portfolio could be rebalanced when the portfolio weights differ by more than ten percent
from the optimal weights.

Parameters

Our data consists of daily observations from August 5, 2005 to April 4, 2009. We split the data into two
parts: 1) observations from August 5, 2005 to April 2, 2007; and 2) observations from April 2, 2007 to April 4,
2009. The first part is used to compute inputs for the models and the second part is used to track the performance of
the portfolios each month. As mentioned above, the RAMP model includes a stock if its Treynor Index is greater
than a cut-off number. One of the inputs to the Treynor Index is the risk-free rate and in this study we use an
aggregate rate of 3 percent for this parameter. Also, we selected the option to pay 2 percent money market rate to
the unused cash in the account.

6. RESULTS

The results of our study show that from April 2007 to April 2009, on average, the return of the well
diversified world asset portfolio was 32.20 percent higher than the return of the S&P 500. Furthermore, during this
period, on average, the return of this portfolio was 23.02 percent higher than the return of an equally weighted
portfolio of U.S. stocks. The performance of each portfolio, along with the difference is presented in Table 2 and
Graph 1 below. Graph 1 displays the performance of portfolios formed by the RAMP model and other techniques
verses S&P 500. The results clearly demonstrate that the portfolio formed by RAMP model significantly
outperformed other portfolios during the 2008 down market. It is important to note that the returns of all portfolios
are standardized and adjusted for risk to make comparisons possible. That is, the graph below reports the risk-
adjusted returns for all portfolios so that a portfolio’s performance can be compared with the performance of other
portfolios and the stock market.

Table 2: Cumulative Returns from 2007 to 2009

CUMMULATIVE RETURNS STARTING 4/2/2007

Date RAMP  SP500 Date RAMP  SP500
April 16, 2007 1.93%| 4.73% April 14, 2008 12.70%| -5.26%
May 14, 2007 5.02%( 7.21% March 31,2008 [ 10.97%| -5.66%
June 11, 2007 6.37%| 7.64% May 12, 2008 16.99%| 0.11%
July 9, 2007 7.31%| 9.26% June 9, 2008 13.50%| -2.87%
August 6, 2007 5.94%| 4.68% July 7, 2008 6.96%| -10.68%
September 4, 2007 6.02%| 6.23% August 4, 2008 6.92%| -10.92%
October 1, 2007 [ 10.21%| 10.34%|| September 2, 2008 8.99%| -8.88%
October 29,2007 11.12%| 9.91%| September 29, 2008 4.08%| -21.09%
November 26, 2007 7.57%| 0.37%|| October 27,2008 | -8.15% -39.45%
December 24, 2007 13.43%| 6.73%|[ November 24, 200§ -6.06% -39.25%
January 22,2008 | 7.45%| -6.53% December 22,2004 -3.049% -37.83%
February 19, 2008 9.24% —3.80"/“ January 20, 2009 -4.559% -42.57%
March 17,2008 | 9.32% —8.95"/“ February 2, 2009 -8.93% -41.13%
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Graph 1: Cumulative Returns overtime
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The premise of this work is not to show the superiority or the weaknesses of the RAMP model. It is to
examine the performance of two diversified portfolios over current down market. To make our results independent
of any optimization model, we decided to test the results by using Equal Weight approach. That means we assigned
equal weight to each asset to form a neutral portfolio for comparisons purposes.

7. THE CONCLUSIONS

Although the equity market lost popularity in the last two years, this work presents unambiguous results
supporting the outstanding performance of the RAMP diversification model over the current financial period.
Specifically, this study addressed the question of performance of a diversified portfolio over a down market and
showed that employing risk adjusted modeled allocation process consistently and significantly outperformed the
S&P 500 index. These results are based on data from March 2005 to September 2008. The results were striking.
To be precise, they show that from April 2007 to April 2009 the return of the well diversified portfolio was 32.20
percent higher than the return of the U.S. equity benchmark.

Table 3 shows the components of the optimized portfolio in March 2009.
8. QUALIFICATIONS

It is important to note that the outcome of this research is specific to the assets that were included in each
portfolio and during the period in which this study was conducted. Due to changing economic conditions in the U.S.
and throughout the world, the results may be different for future portfolios. In addition, as equity market becomes
more volatile, such results may not hold due to greater imbalances and global market inefficiency.

Future studies need to reexamine this question and repeat this work to confirm the consistency of our
results over a longer time period. Additionally, we believe that there are many reputable global companies as ADR
listing can be included in future research. Thus, future studies need to include these companies in their global
portfolios.
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Table 3: Components of an Optimal Portfolio in 2009

Data as of March 6, 2009
Market Dividemnd
Symbol Company Name Price P/E Ratio

ym pany cap: |¥/ & Yield
$2.60

cvX CHEVRON CORP $56 $123.35B 5 (4.30%)
$1.60

XOM EXXON MOBIL CP $57 $337.87B 8 (2.40%)
$1.68

BA BOEING CO $29 $22.83B L] (5.20%)
$0.32

HPQ, HEWLETT PACKARD CO $27 $69.96B L] (1.10%)
$2.04

MMM 3M COMPANY $42 $31.54B 9 (4.50%)
PFE PFIZER INC $12 $83.01B 10 $1.28

{10.40%)
$1.64

T ATET INC $23 $140.08B 11 (6.90%)
$1.60

PG PROCTER GAMBLE CO $45 $141.18B 11 (3.30%)
$1.84

vz VERIZON COMMUN $23 $81.04B 13 (6.40%)
$2.00

MCD MCDONALDS CP $16 $58.23B 14 (3.80%)
HD HOME DEPOT INC $17 $35.12B 16 $0.90

(4.30%)
IPM JP MORGAN CHASE CO $18 $85.29B 17 $0.20

(0.90%%)
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