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ABSTRACT
A systematic top down approach to minimize risk and maximize the profits of
an investment over a given period of time is proposed. Macroeconomic factors
such as Gross Domestic Product (GDP), Consumer Price Index (CPI),
Outstanding Consumer Credit, Industrial Production Index, Money Supply
(MS), Unemployment Rate, and Ten-Year Treasury are used to
predict/estimate asset (sector ETF’s) returns. Fundamental ratios of individual
stocks are used to predict the stock returns. An a priori known cash-flow
sequence is assumed available for investment. Given the importance of sector
performance on stock performance, sector based Exchange Traded Funds
(ETFs) for the S&P and Dow Jones are considered and wealth is allocated.
Mean variance optimization with risk and return constraints are used to
distribute the wealth in individual sectors among the selected stocks. The
results presented should be viewed as providing an outer control/decision
loop generating sector target allocations that will ultimately drive an inner
control/decision loop focusing on stock selection. Receding horizon control
(RHC) ideas are exploited to pose and solve two relevant constrained
optimization problems. First, the classic problem of wealth maximization
subject to risk constraints (as measured by a metric on the covariance
matrices) is considered. Special consideration is given to an optimization
problem that attempts to minimize the peak risk over the prediction horizon,
while trying to track a wealth objective. It is concluded that this approach
may be particularly beneficial during downturns - appreciably limiting
downside during downturns while providing most of the upside during
upturns. Investment in stocks during upturns and in sector ETF’s during

downturns is profitable.
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1 INTRODUCTION

The art of making investment decisions to make the largest possible return is
Portfolio Management. Active portfolio management and passive portfolio
management have been widely used since early 19" century. The studies
presented in this thesis, are intended to investigate different models and
methods to achieve an investor objectives to maximize his/her investments
while minimizing the risk.

1.1 Motivation

The motivation behind the thesis is to work towards development, of an
environment which enables systematic approach for data acquisition, portfolio
components (macro, sector, stocks) analysis, modeling, prediction and
management (decision making). Focus of this thesis is limited to stocks and
sector ETF's with the goal of incorporating Macro indicators, business cycle
analysis, sector ETF's, fundamental ratios and technical indicators.

Various studies (Chen 1986), (Boyd 2001), (O. Lamont 2001) have
been performed to determine the impact of macroeconomic and global factors
on stocks returns. Similarly importance of sector/ industry allocation
compared to the country allocation was studied by (King 1966), (Livingston
1977). Fundamental and technical analysis techniques have been used to
predict the stock returns (Fama 1981) (French 1992). Recently, there has
been an increasing interest in applying control methodologies to the problem
of portfolio optimization. In (B. Durtschi 2009), the authors discuss the use of
portfolio Optimization problems as a platform for introducing systems theory
to students. Options hedging (J. Primbs 2010), index tracking (Sung 2008),

(Zhou 2006), asset liability management (F.Herzog 2007), and constrained
1



wealth maximization (S. K. F. Herzog 2006) are a few of the common
financial problems to which control concepts have been applied. Some of the
control methodologies that have been used include linear matrix inequalities
(Paiva 2002), linear quadratic regulation (Yin 2003) (G. D. F.Herzog 2007),
and model predictive control (Sung 2008), (F. Herzog 2006). This thesis
addresses the problem of asset allocation by a risk-conscious investor. A
systematic top down approach is used which considers macroeconomic, global
and industry factors along with the individual stock fundamentals to
determine the asset allocation. A receding horizon (RH) approach is used in
order to meet the objectives and constraints.

1.2 Contributions

This thesis forms a good starting point for development of environment which
facilitates macro, sector, and stock data acquisition, analysis, modeling,
prediction and portfolio management. It helps in hierarchical decision making
in the presence of uncertainty. Also permits easy comparison of different
scenarios. A unique top down approach for investment has been explored with
a fundamental belief of macroeconomic factors influencing the sector
performance which in turn influences the individual stock performance. The
framework includes macro, and asset modeling. Different models including
Factor models, regression models, hybrid models and state space models for
asset return forecasts are considered. Different methodologies including
regression, recursive least square, moving window and fixed window methods
are explored for accurate forecasting of the macro variable data, and asset
returns. Key fundamental ratios of more than 1000 companies are analyzed

which can be used in the asset models. An alternative to the classical wealth
2



maximization approach to portfolio optimization is presented. The effect of
different risk (as measured by covariance matrices) tolerance on the portfolio
performance is considered. Apart from risk constrained wealth maximization,
a mini-max risk subject to wealth tracking constraints approach might be
used by investors to attain their objectives is showed. A pictorial
representation of the integrate hierarchical portfolio management approach is

shown in Fig 1.

Stock Fundamental Ratio Stock Technical
JI Indicators

Macro Modeling,
Prediction

Stock Universe
Reduction

Cuter Loop Inner Loop
Controller Controller
Sector Asset

Selection Selection
algorithm algorithm

Sector
Selection

Fig 1: Integrated Hierarchical Portfolio management

1.3 Challenges

Indentifying the impact of low frequency macroeconomic data on high
frequency stock data and incorporate this knowledge to predict the asset
returns is a significant challenge. Having known that sector performance plays
an important role in portfolios, categorizing, identifying and selection of
crucial sectors for asset returns forecasts requires understanding of the
sectors and depends on identifying the trends of the economy to a great
extent. Time series forecasting models have often been used to forecast stock
prices (Makridakis 1982), (McKenzie 1985), (Shephard 1993) and (Winker

3



2003). Recently, more sophisticated techniques such as support vector
machines (V. Hanser 2006), (Batchelor 2000), machine learning algorithms
(Deng 2002), (D. K. Roley 1985) etc. have been used in trying to identify
stocks that are likely to perform significantly better than the market. The
effect of news on stock prices has been considered in (Best 1991). Apart from
portfolio optimization, asset valuation plays a significant role in derivatives
pricing as well. Errors in asset valuation can thus have significant impact on
hedging strategies. For certain types of optimizations, small variations in
asset return predications are likely to result in significant changes to the
allocations. Simple mean-variance optimizations can suffer from this effect
(Doege 2005). Several modifications, such as the Black-Litterman model,
attempt to reduce this sensitivity to asset prices. Estimating and predicting
risk is also an active area of research. Several different measures for risk
exist, such as return covariance matrices, value-at-risk (VaR), conditional VaR
(CVaR), downside risk etc. Convex risk measures are attractive due to their
favorable computational properties (P. Samuelson 1967). Coherent risk
measures encourage diversification ( (Markowitz 1952) discusses the benefits
of diversification); however, some popular risk-measures are not coherent
(e.g. VaR).
1.4 Literature review
1.4.1 Macroeconomic analysis
Many studies have been performed to confirm that there is an influence of
macroeconomic factors on the stock returns. Some of the popular works are,

e (Chen 1986) examined equity returns relative to a set of

macroeconomic variables and suggested that Growth in industrial
4



production, Changes in the risk premium, Twists in the vyield
curve, Measures of unanticipated inflation, Changes in expected
inflation during periods of volatile inflation were important in
explaining past stock market returns.

(Boyd 2001) Found that macro news has time varying effects on the
stock returns. They also conclude that, during an economic expansion
high unemployment, raises the stock prices, but lowers the stock value
during economic contraction.

(Lamont 2001) Tries to identify priced macro factors, by determining
whether a portfolio constructed to track the future path of macro
series earns positive abnormal returns. He concludes that PF that
tracks the industrial production, consumption and labor income gives
abnormal positive returns, while the portfolio tracking the CPI does
not.

(Fama 1981) and (Schewrt 1981) attempts to explain anomalous stock
return-inflation relations.

(Castanias 1979) Reports that the variance of stock prices rises around
the days of most economic news events which he interprets as a
reflection of new information appearing.

(Schewrt 1981) Examines the stock market reaction to the monthly
CPI inflation rate announcement and does use a measure of
unexpected inflation rather than just the announced rate.

Aggregate stock returns are negatively related to inflation and to
money growth - (Fama 1981), (Roll 1983), (Roley 1985) , (Bodie

1976).



Macro economic factors affect the performance of the stocks to a
greater extent and findings thus far provide evidence that
macroeconomic fundamentals are indeed an important driving force
behind financial market returns (Victor Fang 2009).

There have been elaborate studies on the impact of the economic
factors. Some of them are a) (Fleming 1997), (Bollerslev 2000)
and (Green 2004) find that news surprises from GDP, inflation rate,
unemployment rate, and consumer confidence are related to changes

in Treasury yields especially around the time of the announcements.

(A.Protopapadakis 2002) Establish the effect of macroeconomic news
on the volatility of asset returns.
Stock return variability was unusually high during the 1929-1939

great depression (Officer 1973)

1.4.2 Sector Analysis

Studies have been performed to determine the importance of sector analysis.

The movement of a group of security price changes can be broken
down into market and industry components (King 1966)

Industry allocation is an increasingly important consideration for active
managers of global equity portfolios .The return on security I is
affected by the global factor, the industry, the country to which the
stock belongs, and by an idiosyncratic disturbance. The industry
factors have become an increasingly important component of security
returns. More importantly, diversification across industries now
provides greater risk reduction than diversification across countries

(Stefano Cavaglia 2000)



e (Anne Sophie E Vanroyen 2002) Measure the relative
importance of country and sector effects in these factors, and find that
sectors have become as important as countries since October 2000.

e Scenario models provide an alternative to factor models, wherein
various future scenarios (and their probability of occurrence) are
considered, and the performance of each security under each scenario
is evaluated (B. I. Jacobs 2005). This is used to arrive at an estimate
of future performance of the portfolio as a whole.

e The authors of (A. R. Chen 1986) examined equity returns relative to a
set of macroeconomic variables and suggested that growth in
industrial production, changes in the risk premium, twists in the yield
curve, measures of unanticipated inflation and changes in expected
inflation during periods of volatile inflation were important in
explaining past stock market returns.

1.4.3 Stock Analysis

Fundamental ratios are widely used in the stock price prediction. (French
1992) determines the significant relation between returns and variables like
size, price-to-book ratio and conclude that the earnings-price ratio is
significant when it is the unique explaining variable for the cross-section of
stock returns. However, its significance disappears when book-to-market ratio
is also taken into account. (Jefrey Pontiff 1998), (Shanken 1997) discuss
about the predictive ability of book-to-market ratio. (EF Fama 1988) & (Shiller
1988) have documented that, dividend yield predicts stock returns with some
success. While (O. Lamont 1998) argues that, the P/E ratio has independent

predictive power for excess returns in addition to the dividend-price ratio.
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(Lewelle 1999) Book-to-market ratio predicts economically and statistically
significant time-variation in expected stock returns. (Jeffrey Jaffe 1989)
analyses the relation between stock returns and the effects of size and
earnings-to-price ratio.

1.4.4 Portfolio Optimization

Markowitz considered the problem of single-period portfolio optimization. The
transition to multi-period optimization and dynamic models can be found in
(Samuelson 1969.) and (Merton 1969). Some early optimization techniques
include stochastic dynamic programming and solving the Hamilton-Jacobi-
Bellman (HJB) equations. These solutions are difficult to compute, especially
when the dimension of the problem increases (Bertsekas 2005) (G. D.
F.Herzog 2007). Necessary and sufficient conditions for the existence of an
optimal portfolio have been considered in (D. P. Bertsekas 1974) . (H. Peyrl
2005) and (Z. Chen 2008) considers some of the numerical challenges
associated with stochastic control problems in financial applications. In (G. D.
F.Herzog 2007), the authors prove that a model predictive control (MPC)
solution is suboptimal (but at least as good as a pure-open loop solution), and
they discuss obtaining bounds on the relative error between these techniques.
RHC methods, however, have the advantage of being computationally feasible
and capable of handling complex constraints. A survey on MPC techniques can
be found in (Jalali 2006). (M. V. Kothare 1996) and (Smith 2004) discuss
the problem of robust MPC using linear matrix inequalities. Robust minimax
optimization is discussed in (Witsenhausen 1966), while (Lofberg 2003) uses
it in an MPC framework. Solving constrained and uncertain MPC problems has

also been discussed in (Richards 2002).
8



2 PORTFOLIO MANAGEMENT: MODELLING REQUIREMENTS

In this chapter each and every component used in the thesis are introduced
and are explained with their definitions and their usage in the integrated
framework.

2.1 Asset Classes and Allocation Issues

Asset class analysis, involves identifying the right asset for investment.
Assets classes worth investigating are stocks, bonds, real estate, currency,
commodities and etc. In this thesis, equities are focused. Other asset classes
are equally attractive and can be used to diversify investments or can be used
for hedging. Introduction to types of assets is given below

2.1.1 Equities

Equities - are defined as the ownership in any asset after all the debts
associated with the asset are paid off. This is called equity, which can be sold
to make it as cash instantly (Investopedia, Investopedia n.d.). Stock can be
called as equity since it represents ownership in a company, this stock can be
sold readily for cash. Equities are primarily focused, since they are the most
popular and widely invested asset class and something which can be easily
understood by any common investor when compared with the other asset
classes. One of the other reasons equities are focused is, all/ most of the
information with respect to the individual companies, stock can be easily
obtained from the respective company websites, or from the internet

2.1.2 Derivatives

Securities which provide payoffs depending on or are contingent on the values
of other assets such as commodity prices, bond and stock prices, or market

index values. Some of the examples are futures and options.
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Futures contracts oblige traders to purchase or sell an asset at an agreed
price on a specified future date. Options are classified into call and put
options where the call option gives its holder the right to purchase an asset at
an agreed price on or before a specific expiration date. Put option gives its
holder the right to sell an asset for a specific price on or before the expiration
date (Frank K. Reilly 2002)

2.1.3 Mutual Funds

Mutual funds in simple terms are collective investment scheme, where a
person/organization, collects money from the investors, and invests them in
different assets such as stocks, government bonds, currencies, commodities
and etc. The gains obtained from the investment are distributed to all the
investors who contributed to the fund. These funds are professionally
managed by investment gurus based on their knowledge on markets.

One can buy into the funds at a specific date, or anytime during the
trading hours depending on the type of fund one is investing. Investing in a
fund means buying/selling a unit of fund whose value is current market value
of funds holding minus the funds liabilities. This value is called as net asset
value represented in per share basis.

Security Exchange commission hereafter referred as SEC defines a
mutual fund as a company that pools money from many investors and invests
the money in stocks, bonds, short-term money-market instruments, or other
securities. (SEC n.d.) Focus on mutual funds is limited as equities are
explored in details.

2.1.4 ETF

10



As defined by SEC (SEC n.d.), Exchange traded funds can be understood as a
security which tracks the index, such as SP500, Dow Industrial etc. This can
be bought and sold like a regular stock whose value is determined by the
demand /supply of the security. (Investopedia n.d.)

One of the greatest advantages of investing in ETF is that, it gives
diversification of the investment, since the index does not represent one
company in specific. Index represents a basket of companies across all
sectors, thereby reducing our exposure to the risks associated with one
particular company and or sector.

In this thesis, ETF's are used to a greater extent for the analysis of
sector performance. Sector ETF's represent the whole sector rather than one
or two leading companies. Widely used ETF’s are SPDRs' which are managed
by State Street Global advisors. Every sector has an ETF representing all the
companies in that particular sector. Apart from this there are also index
tracking ETFs like SPY which track the SP500.

2.1.5 Commodities

A basic good used in commerce that is interchangeable with other
commodities of the same type. They are most often used as inputs in the
production of other goods or services. The sale and purchase of commodities
is usually carried out through futures contracts on exchanges that standardize
the quantity and minimum quality of the commodity being traded.
(Investopedia n.d.). Commodities can be used as hedging instruments, to
make a profit during high inflation.

2.1.6 Real Estate
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As defined by SEC (SEC n.d.), Real Estate investment trusts are the
instruments which invest in real estate or real estate related assets, including
shopping centers, office building, hotels and etc. Focus on real estate funds is
extremely limited.

2.1.7 Emerging Markets

Markets of the developing nations such as BRIC (Brazil, Russia, India, and
China) where the rate of growth is significantly higher than developed
countries such as US, Europe are referred as Emerging markets. If one is
interested in investing in other countries, then he or she needs to purchase
the ETF’s which track the country’s Main Index eg, BSE SENSEX of India.
Sometimes shares of the companies based out and operating in other
countries can be bought and sold in the local stock market, if they are listed
as ADR’s. Emerging markets have great growth rate and hence investing in
them is a wise option.

2.1.8 Treasuries

Treasury securities—including Treasury bills, notes, and bonds—are debt
obligations issued by the U.S. Department of the Treasury. Treasury
securities are considered one of the safest investments because they are
backed by the full faith and credit of the U.S. government. (SEC n.d.).
Treasuries are used for reducing the risk of our investment since it is assured
return from the government. Treasuries can be used as a tool to minimize risk

in the portfolio optimization.
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2.2 Macroeconomic View: Sector Based Business Cycle Analysis

Below are the key macro economic variables which are widely used in policy
decisions, economic growth calculations and most important, they are used to
understand the health of the economy and economic state of the people.
2.2.1 GDP

It represents the total dollar value of all goods and services produced over a
specific time period. It is one the primary indicators used to gauge the health
of a country's economy. (Investopedia n.d.)

"GDP is the value of all goods and services produced in the country without
regard to its allocation among domestic and foreign claims “*(Janice Peterson
1999).

"Gross Domestic Product (GDP) is a measure of the total domestic economic
activity. It is the sum of all incomes earned by the production of goods and
services on UK economic territory, wherever the earner of the income may
reside. GDP is equivalent to the value added to the economy by this activity.
Value added can be defined as income less intermediate costs. Therefore
growth in GDP reflects both growth in the economy and price changes
(inflation)”. (Treasury n.d.)

GDP = Consumption + Investment + Government spending + Exports -
Imports. (Carlos M. Gutierrez 2007)

2.2.2 Real GDP

Real gross domestic product -- the output of goods and services produced by
labor and property located in the United States (Bureau of Economic Analysis
n.d.) . This inflation-adjusted measure that reflects the value of all goods and

services produced in a given year, expressed in base-year prices. Often
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referred to as "constant-price", "inflation-corrected" GDP or "constant dollar
GDP" (Investopedia n.d.). Gross domestic product per capita adjusted for
differences in the purchasing power of currencies (Irving B. Kravis 1978). In
this thesis, GDP is used for the macro economic analysis, sector analysis, and
impact of GDP on stocks. GDP is also forecasted into future, to determine/
predict the performance of the stocks which would help in identifying the
stocks which would perform better.

2.2.3 Unemployment

The unemployment rate represents the number unemployed as a percent of
the labor force (The labor force is the sum
of employed and unemployed persons).

Persons are classified as unemployed if they do not have a job, have actively
looked for work in the prior 4 weeks, and are currently available for work.
Persons who were not working and were waiting to be recalled to a job from
which they had been temporarily laid off are also included as unemployed.
Receiving benefits from the Unemployment Insurance (UI) program has no
bearing on whether a person is classified as unemployed (Bureau of labour
statistics n.d.) .In this thesis, we use unemployment data for macro economic
analysis and also sector analysis. We try to find out the impact of
unemployment over the stock price (SP500 index in particular)

2.2.4 Inflation

A substantial rise of prices caused by an undue expansion in paper money or

bank credit (Hazlitt n.d.)
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2.2.4.1 CPI

The Consumer Price Index (CPI) is the prices paid by urban consumers for a
representative basket of goods and services (Bureau of labour statistics n.d.).
Consumer price indexes often are used to escalate or adjust payments for
rents, wages, alimony, child support and other obligations that may be
affected by changes in the cost of living.

A measure that examines the weighted average of prices of a basket
of consumer goods and services, such as transportation, food and medical
care. The CPI is calculated by taking price changes for each item in the
predetermined basket of goods and averaging them; the goods are weighted
according to their importance. Changes in CPI are used to assess price
changes associated with the cost of living (Investopedia n.d.). CPI is one of
the most frequently used statistics for identifying periods of inflation or
deflation. This is because large rises in CPI during a short period of time
typically denote periods of inflation and large drops in CPI during a short

period of time usually mark periods of deflation

2.2.4.2 PPI

The Producer Price Indexes (PPIs) are a family of indexes that measure
changes in the selling prices received by domestic producers of goods and
services. They formerly were referred to as Wholesale Price Index (Bureau of
labour statistics n.d.).

A family of indexes that measures the average change in selling prices
received by domestic producers of goods and services over time. PPIs

measure price change from the perspective of the seller (Investopedia n.d.)
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2.2.5 Money Supply

The entire quantity of bills, coins, loans, credit and other liquid instruments in
a country's economy (Investopedia n.d.). It is further classified into M0, M1,
M2 and M3. MO is a measure of the money supply which combines any liquid
or cash assets held within a central bank and the amount of physical currency
circulating in the economy. MO (M-zero) is the most liquid measure of the
money supply. It only includes cash or assets that could quickly be converted
into currency. M1 is a category of the money supply that includes all physical
money such as coins and currency; it also includes demand deposits, which
are checking accounts, and Negotiable Order of Withdrawal (NOW) Accounts.
M2 is a category within the money supply that includes M1 in addition to all
time-related deposits, savings deposits, and non-institutional money-
market funds. M3 is the category of the money supply that includes M2 as
well as all large time deposits, institutional money-market funds, short-term
repurchase agreements, along with other larger liquid assets. In this thesis,
we use M2 money supply data, since it indicates all the savings and deposits,
including the M1 data. Since M3 has short term funds included, that might not
be a good indicator for mid to long term investment.

2.2.6 Interest rates

This is the rate at which the borrower pays the interest to the lender for the
amount he borrows. Interest rates targets are also a vital tool of monetary
policy and are taken into account when dealing with variables like investment,
inflation, and unemployment. (Wikipedia n.d.)

2.2.7 Housing Data
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Housings data is a monthly statistic released by the government, indicating
the number of housing units available, growth in the housing sector, growth
in demand for new houses and etc. These numbers drive all the auxiliary
industries which are based on housing and infrastructure development.
Housing and real estate have gathered lots of attention both from
media and the public after the 2008 economic crash, which was primarily
caused by the home loan mortgages. To sum up the whole problem, the
home loans were securitized and sold to multiple countries and investors. Rise
in demand in these, led to distributing the loans to non eligible lenders who
ultimately ended up defaulting on the loans, which directly caused excessive
losses for the loan distributing companies as the rate of defaulters increased
day by day. Real estate is an attractive investment option however we believe
focus on this requires more time and data to come up with an sound investing
methodology.
2.2.8 Trade Deficit
An economic measure of a negative balance of trade in which a country's
imports exceeds its exports. A trade deficit represents an outflow of domestic
currency to foreign markets. The value of all the goods and services that a
country sells to other countries (exports) minus the value of all the goods and
services the same country buys from foreigners (imports) is called our trade
balance. If the value of the trade balance is positive, we have a trade
surplus and we export more than we import (in dollar terms). A trade
deficit is just the opposite; it occurs when the trade balance is negative and
the value of what we import is more than the value of what we export (Robin

Bade 2003). Trade deficit may not be a leading or lagging indicator of the day
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to day economic health of the country. However it is a very important
parameter which has to be taken care.

2.2.9 Savings Data

Savings - as the name suggests is the amount of money the government has,
as a result of savings from its people. Savings are the key driver of liquidity.
Banks get cash for all its operations only when its customers deposits money
for a agreeable rate of interest. If the banks don’t have cash, the whole cycle
of investment is disrupted. At these times, government may decide to
increase the liquidity in the system, by increasing the savings interest rate so
that people decide to save their earnings for a higher interest, stopping the
individuals and industries in withdrawing the invested cash for a specific
period of time, or decide to print more currency. Interesting questions such
as why can’t government print more money come up. However these action
result in other problems such as inflation.

2.2.10 Consumer Spending

It is defined as the amount of money consumer spends for his or her
requirements; it is also terms as personal consumption
expenditure. Consumer spending is the key indicator of the health of the
economy.

2.2.11 Other Leading and Lagging Indicators

2.2.11.1Recession
A recession is the period when overall economic activity is actually declining—
and production, employment, and sales are falling—rather than just anemic or

below normal (Lansing 2003). A significant decline in activity spread across
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the economy, lasting more than a few months, visible in industrial production,
employment, real income, and wholesale and retail trade. Popular rule of
thumb is that two consecutive quarterly declines in real GDP signal a
recession.

Some of the other key economic of recession are, Real GDP, Real
House hold spending (defined as real personal consumption expenditures plus
real residential investment) since this category of spending accounts for about
three-fourths of U.S.GDP. It is observed during previous recessions when
household spending typically slowed prior to the business cycle peak and then
declined for two or three quarters. Strong performance of household spending
during the past two years. Fiscal stimulus in the form of tax rebates, cuts in
marginal tax rates, and extended unemployment benefits provided support to
consumer disposable income. Attractive financing deals offered by domestic
auto manufacturers gave a significant boost to consumer durables purchases.
Most importantly, low mortgage interest rates spurred record home sales and
set off a refinancing boom that allowed consumers to tap the equity in their
homes to pay for a variety of goods and services (Lansing 2003)

2.2.12 Major Market Indicators

DJIA: Dow Jones industrial average which represents the 30 large publicly
traded stocks in US. The value of the DOW Jones is the scaled average of the
prices of its component stocks. This is mostly widely followed index which
indicates the movement of the stock market. We use this index to study the
influence of the macro economic variables on the stock markets. Since DJIA
comprises the large industries in US, it is a good representation of the market

as a whole.
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S&P500: The SP500 Index is capitalization weighted index of prices of
500 large cap companies which are actively traded in US. After Dow Jones
index, SP500 is the widely followed index. It acts as a leading indicator for the
US economy. It comprises all kinds of industries, thereby representing the
whole market. In this thesis, S&P500 is the most widely used index for almost
all the analysis, including macro, sector and individual stock analysis. We
forecast the SP500 Index to determine our investment strategy.

2.3 Sector Analysis

Identifying Best of Breed - Potential Market Leaders, followers, and natural
hierarchical feeding chain (e.q. semiconductor manufacturers,
equipment manufacturers, test equipment, etc). Sector analysis forms an
important part of the framework, where the performance of individual sectors
provides the information required for profitable investment. Sector
performance contributes to almost 50-60% of our portfolio performance.
Hence it is important to identify the right sectors during different time period.
Individual sector performance varies depending upon the business cycle the
economy is in.

In current thesis, ETF's which track individual sectors are used for
analysis. All the companies which are traded are categorized into 10 sectors,
which are again categorized into n different sub categories, based on the
sector. Major sectors are Basic materials, conglomerates, industrial goods,
consumer goods, healthcare, financial, technology, services, utilities, others.
Some of the ETF's we use are SPDRs such as XLV,XLF,XLY etc. Apart from
these few of the other sector tracking ETF’s are vanguard and iShare.

2.4 Stock Analysis - Fundamentals
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Fundamental analysis is one of the important aspects of investment. It is a
process of identifying a company, whose performance exceeds its peers and
also the market as a whole and is expected to perform better in future,
investing in which will result in greater profits. It involves careful reading of
the companies, quarterly reports, annual statements and following it very
closely. In this thesis, greater attention is given to fundamental analysis,
since it helps in identifying the right stock to be a part of the portfolio.

2.4.1 Investments versus Trades

Investments and trade have lot of differences between them, even though
they are aimed at making profits out of our investments. To explain in simple
words, investments are for long term and less risky when compared to the
trades which are short term with greater risks associated with them. When
one wants to invest x amount of money and expects the returns after a
definite period of time, without changing is positions on the portfolio then the
investor is making an investment. However trading is lot more risky and
requires deeper understanding of the markets dynamics and timing skills.
Trading is done for shorter or very short duration where the individual buys in
the morning and sells it in the evening. In this thesis, we focus on
investments rather than trade, since investments are based on performance
of the company, sector and the economy as a whole. Trading is mostly based
on market movement, dependent on news and other shocks which are not
trivial to model or for which we have sufficient data.

2.4.2 Profile, Company Web Site, Prospectus

One of the aspects of the fundamental analysis is to learn about the company,

what core business is and what products they make and to analyze how good
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the demand for such products in the market is. A generic knowledge on the
company is very essential to understand its operations. As warren buffet says,
when one buys a stock, they buy the part of the business.

2.4.3 Key Statistics

Key statistics refers to the fundamental ratios, which are used in fundamental
analysis. These form the basis of the analysis. Understanding and obtaining
the ratios are critical aspect. Some of the key statistics are, PE ratio, Price to
sales ratio, Book value, Cash flow ratio, Market cap, Beta and etc. Looking at
the key statistics gives us a good idea on the overall performance of the
company and also if its a good investment. However before investing in any
stock, one should perform a detailed analysis to make a decision.

2.4.4 Valuation

Valuation in fundamental analysis is aimed at provided a means by which one
can identify the intrinsic value of a particular stock. In simple terms, it is a
method to determine if we are paying the right value for the stock. Typically
stocks are valued and classified into two categories, undervalued and
overvalued. When a stock is said to be undervalued, it means that , the stock
has a greater potential and the current market price does not reflect the
future growth/potential of the stock. Hence learning this early, we can make
profits before the stock reaches its expected intrinsic value. When a stock is
said to be overvalued, it means that, the stock is trading at the higher price
than the intrinsic value of the stock. Thereby going ahead the stock price is
going to fall leading to a loss if invested at the current market price. There
are many stock valuation tools available, while one of the most widely used

tool/method is the discounted cash flow method or net present value. Apart
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from this, valuation is also done based on the fundamentals of the
company. In this thesis, we associate greater importance in analyzing the
fundamental of the company.

2.4.5 Income Statement

Income statement is typically the profit or loss statement. It is self
explanatory from the word that it contains all the details about the profits and
loss of the company in a particular quarter or a fiscal year. Some of the key
values given in the income statement are, Revenues, sales, Operating profit,
Net income, total expenses and etc. Income statement helps an investor in
analyzing the performance of a company in the past and also to predict the
future performance by studying the statement in detail. In this thesis we use
the income statement to compute and analyze some of the key fundamental
ratios as mentioned above.

2.4.6 Balance Sheet

This indicates the firm’s financial position at a fixed point of time. It contains
details about what the firm’s assets (fixed and current) are, what are its
liabilities and what is the shares holders equity (Frank K. Reilly 2002). Some
of the key values are, Current assets, current liabilities, share holders equity,
long term and short term debt etc. In this thesis we use the balance sheet to
compute and analyze some of the key fundamental rations such as debt ratio,
operating profit margin and etc.

2.4.7 Cash Flow

Apart from the above two statements, the cash flow statements are a critical
input for the analyst and the investors. It integrates the information on the

balance sheet and income statement. This helps us determine the value of the
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firm and also evaluate the risk and returns of the firm’s stock (Frank K. Reilly
2002). In this thesis we use the cash flow to compute and analyze some of
the key fundamental rations such as cash ratio, quick ratio, current ratio and
etc.

2.4.8 Insider Trading and Holdings

By definition, insider trading involves purchase and sale of securities on the
basis of important information that is not publicly available. This is typically
carried out by the firm’s managers or higher officials who have exclusive
information in some of the key decisions of the company which would result in
rise or fall of the stock price when made available to the public. SEC prohibits
insider trading (SEC Rule 10b5-1). Even though access to such information
would be of great use for investment, we don’t focus on this in our current
work.

2.4.9 Institutional Holdings

Institutions are mutual funds, pension plans, trust funds, and other large
investors, and account for roughly 50 percent of all stockholdings. The
presence of strong institutional sponsorship (large holdings) verifies that a
stock is a viable growth candidate (lehman 2004)

2.4.10 Analyst Estimates

Analyst estimates are the company’s future quarterly or annual earnings.
They predict the performance of the company in the future; based on their
past performance, balance sheets, income statements, cash flow statements,
company policies, competitors, market share and etc. some of the common
estimates are Earnings per share, Future sales, expected profits due to

current or new product and etc. They also give recommendations on a
24



particular stock to buy, hold or sell. In recent times whisper number has been
gaining importance among the investor community. It is the average of the
earnings per share number given by number of analyst following a particular
company. This number forms a basis of expectation for that quarter or year.
This number is closely watched and markets reacts, by comparing the whisper
number with the companies actual EPS.

2.5 Technical Analysis Tools

The fundamental idea behind Technical analysis is that, stock prices move in
the trends that persist. This assumption of the technical analysis directly
opposes the efficient market hypothesis (Frank K. Reilly 2002). Technicians
believe that, the prices are stock move, based on particular information
available to the market. However the striking point is, the information is not
available to everyone at the same time. It takes time for the information to
propagate, and hence by this, the person at the top of the information chain,
can make profit, before it reaches everyone and the prices stabilize.

The impact of the news/information can cause the prices to go up or
down and hence the amount of profit one can make by this is not abnormal.
It also involves considerable amount of risk, since the movement is purely
based on external events and mood of the overall market. It is greatly
dependent on the past performance and trends of the stock and using that to
predict the movement in the future. Below are the some of the most
commonly used technical analysis tools.

2.5.1 Moving Average lines
Simple moving average lines are most commonly used tools. There are

multiple moving average lines depending on the duration we are interested in
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analyzing. Short term trend can be analyzed by seeing the 50 day moving
average, and long term trend by the 200 day moving average. Each days MA
value is the past n days average closing price/open price. This would
smoothen out the high frequency data in the time series. These MA lines are
seen with respect to the original price line.

If overall market trend is down, then the 50 Day MA line will be above the
current price line with the similar trend and vice versa during an
uptrend. When the current price line breaks / crosses the 50D MA line with
considerable volume, that indicates the trend reversal and hence this point
can be used as a buy point. The same analysis can be used with 200D MA line
if we wanted to see long term trend. One other method to use them is
comparing the 50D MA line and 200D MA line, where the crossing of the 50d
MA line from below or above the 200D MA line would indicate a trend
reversal. Averages can be computed in 2 ways. Simple Moving Average
gives equal importance and weightage to all the values, where as
Exponential Moving Average only the most recent prices are given more
weightage than the older ones, hence giving us a good indicator of the trend
in the movement of the stock.

2.5.2 Bollinger Bands

Famous technical trader developed this technique for trading. A band is
plotted above and below the 21 day simple moving average line, representing
the volatility with which the average prices are moving. The wider the band
indicates more volatility and narrower the band indicates less volatility. The
standard deviation is measure of volatility and hence the bands adjust

themselves to the movement of the stock prices. The way it is used is, the
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more the average moves towards the lower band, indicated the markets are
oversold and hence we could see the reversal of trend and vice versa.
(StockCharts n.d.)
Middle Band = 20-day simple moving average
Upper Band = 20-day SMA + (20-day standard deviation of price x 2)
Lower Band = 20-day SMA - (20-day standard deviation of price x 2)
2.5.3 Money Flow Index
Money flow index is similar to the RSI, however here volume is also taken
into consideration where as RSI includes only the price. it is the measure of
strength of money coming in and going out of a security and can be used to
predict the reversal of the trend. It is computed by using the below formula
(StockCharts n.d.)

e Typical Price = (High + Low + Close) / 3

e Money Flow = Typical price * Volume

e Money Ratio = Positive Money Flow/Negative Money Flow

e Money Flow Index = 100 - (100/ (1 + Money Ratio))
2.5.4 Parabolic SAR
It is created by the same person who came up with RSI. “It js used to
determine the direction of an asset's momentum and the point in time when
this momentum has a higher-than-normal probability of switching directions
"- (Investopedia n.d.)
2.5.5 Relative Strength Index
RSI is a momentum oscillator that measures the speed and change of the
price movements. It is an extremely popular momentum indicator (Frank K.

Reilly 2002). This is the ratio of average of closing prices up days of particular
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stock to the average of closing prices downs for the stock over a certain time
period. This is usually 14 days (Investopedia n.d.). Relative strength is the
ratio equal to the price of a stock relative to the value of some other stock or
a market index such as SP500. This ratio is plotted over time and analyzed
(StockCharts n.d.). If the ratio increases in trend, this indicated that the stock
is performing better than the market and the trend is expected to continue,
and when the ratio drops then it is underperforming than the market.

2.5.6 Slow and Fast Stochastic

Developed by George C. Lane in the late 1950s, the Stochastic Oscillator is a
momentum indicator that shows the location of the close relative to the high-
low range over a set number of periods. The Stochastic Oscillator "doesn't
follow price, it doesn't follow volume or anything like that. It follows the
speed or the momentum of price and hence can be used to identify bearish
and bullish divergence to foreshow reversals (StockCharts n.d.)

%K = (Current Close - Lowest Low)/(Highest High - Lowest Low) * 100

%D

3-day SMA of %K

Lowest Low = lowest low for the look-back period

Highest High = highest high for the look-back period

2.5.7 Volume

The basic idea behind this indicator is volume precedes price. It is a simple
indicator where the volumes of the up periods are added and volumes of the
down periods are subtracted. The cumulative total of these volumes gives us
OBV line. This line is then used with the price chart to identify the buy and
sell signals. For example, if today the closing price is greater than yesterday's

closing price, then the new
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OBV = Yesterday's OBV + Today's Volume

If today the closing price is less than yesterday's closing price, then the new
OBV = Yesterday's OBV - Today's Volume

If today the closing price is equal to yesterday's closing price, then the new
OBV = Yesterday's OBV

2.5.8 MACD- Moving average convergence divergence

This is an indicator which involves two other indicators, 26 day EMA and 12
day EMA. These two signals plotted with the current price chart, helps us
identify the buy and sell spots.

2.5.9 Williams %R

William %R, sometimes referred to as %R, shows the relationship of the
close relative to the high-low range over a set period of time. The nearer the
close is to the top of the range, the nearer to zero (higher) the indicator will
be. The nearer the close is to the bottom of the range, the nearer to -100
(lower) the indicator will be. If the close equals the high of the high-
low range, then the indicator will show 0 (the highest reading). If the close
equals the low of the high-low range, then the result will be -100 (the

lowest reading). (StockCharts n.d.)

%R = [(highest high over n periods - close)/ (highest high over n periods -

lowest low over n periods)] * -100
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3 MACROECONOMIC ANALYSIS

3.1 Overview

In this chapter, Importance and influence of macroeconomic factors on the
stock markets is presented. Time series forecasting models are used to
predict the macro variables. Factor models are used to determine the
influence of macroeconomic factor on stock markets. Fixed window and
Moving window methods are used to improve the accuracy of prediction and
are compared to determine the efficient method. Predicted data is used in
sector analysis. Choosing different models, independent variables in the
model, prediction methods, different window lengths and order of the models
are few of the knobs available. Influence of variables such as housing, gold,
markets on macro variables will be considered for future work.

3.1.1 Hypothesis

Macroeconomic variables such as GDP, money supply (m2), prime loan rate,
unemployment rate, consumer spending, CPI, Treasury rate, consumer credit,
industrial production is believed to have a significant effect on the stock
market. These macro variables are used to predict the SP500 index returns n
steps into the future.

3.2 Modeling and prediction of macroeconomic variables

3.2.1 Overview

Based on the historical data macroeconomic variables such as GDP are
forecasted (n) steps into future for different time periods of economic
expansion and contraction. Data is forecasted with two different
methodologies, and each method implements two different models. Different

methods are compared and analyzed to determine the forecast accuracy.
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3.2.2 Modeling
Macroeconomic variables are predicted using an Autoregressive Moving

average model.

3.2.2.1 Model 1: ARMA (p,q) : Auto regressive moving average.

ARMA (Box 1994) is a common model for forecasting time series data. The
model includes AR (Auto regressive) terms which are lags of the series
appearing in the equation and MA (Moving average) terms which are lags of
the forecast errors.

'p' - represents the number of lags of the forecast series (AR terms )

q' - represents the number of lags of the forecast errors in prediction
equation

The generic ARMA model is represented by

14 q
e =@y + Z @ire_i +a; — Z 0iac; (3.1)
i=1 i=1

Where a: is white noise series and p and q are non-negative integers. Time

series data is pre-processed. Forecast a stationary series which has constant
statistical properties like mean, variance and constant autocorrelations over a
period of time leads to accurate predictions for that time period. Most of the
time series data is assumed to be stationary, and is achieved by using
mathematical transformations such as differencing.

Differencing is a technique where each value of the time series is the
result of the difference between its previous value and its current value.
Mostly this step will result in a stationary series. However need arises to
double difference based on the data under study. The model is represented as
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Auto regressive Integrated Moving average -ARIMA (p,d,q) having similar
model structure as ARMA but with an additional term representing the order

of differencing (d).

3.2.2.2 Identifying the order of differencing:

Time series data is differenced before being fit to the model. Data can be over
differenced or under differenced. The order of differencing is determined by
autocorrelation plot. The right amount of differencing is the lowest order
which results in a series which has near constant mean and has the auto
correlation function plot decaying exponentially to zero, either from above or
below. Slower decay indicates a significant auto correlation till higher lags,
and hence the data is differenced until an exponential decay is obtained.
Differencing of series is stopped when the autocorrelation with lag-1 is 0 or
negative. Further differencing of data will cause the autocorrelation with lag -

1 to more negative where the problem of over differencing arise.

3.2.2.3 Identifying the order of AR and MA terms:

Order of the Auto Regressive and Moving average terms can be determined
by many methods. Common methods to identify them are ACF and PACF
plots.

Auto correlation is the correlation between members of series of
observations ordered in time (Buckland 1971). It is the degree of similarity
between a given time series and a lagged version of the same time series
over successive time intervals. (Investopedia n.d.)

ACF: Auto correlation function

ACF at lag k is denoted bypy, is defined as
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_ Ve

” (3.2)

Pk

Where y, = covariance at lag k and y, = variance

Auto Correlation function helps us determine the number of MA terms.

PACF: Partial auto correlation function

It is measure of correlation between the observations that are k time periods
apart after controlling for correlation at intermediate lags. In other words
partial autocorrelation is the correlation between Y(t) and Y(t-k) after
removing the effect of the intermediate Y's. Partial auto correlation removes
the influence of the intervening variables. (Damodar N Gujarati 2007). PACF

plot helps us determine the number of AR terms required.

3.2.2.4 Model 2: ARIMA (p,d,q) with Regressors

Macro variables such as consumer spending and money supply (Damodar N
Gujarati 2007) influence GDP value. Lagged GDP value also influences the
current GDP value along with other macro variables. This leads to a Hybrid
model where independent variables/regressors are included along with the

ARIMA model. Generic representation of the model is given in equation (3.3)

14 q n
e = @0 + Z ¢irt—i + ar — Z 91' A + Z Qi X; (3 3)
i=1 i=1 i=1

Note: In this model the AR part apply to both the regressors and the series of
interest.

3.2.3 Data

Data is obtained from NBER (National bureau of economic research) and

Federal Reserve Bank of St Louis which release the macro economic data
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periodically. GDP (Billions of dollars) - Seasonally adjusted Annual rate
released quarterly.

Date: From 1947 Q1 to 2010 Q1 for MODEL 1

Date: From 1959 Q1 to 2009 Q3 for MODEL 2
Consumer Spending (billions of dollars) and Money supply (M2) (Billions of
dollars)

Date: 1959 Q1 to 2009 Q3 for MODEL 2
3.2.4 Data Preprocessing
GDP quarterly data is transformed into a returns series to fit to ARMA
model. The quarterly data is annualized by multiplying by 4 in order to
compare the annual growth. ACF plot indicates the need for differencing the
GDP time series. Log of the GDP series is differenced to obtain the return
series as difference of the log series is equivalent to computing the return
between current and previous quarter. Key indicators of GDP are determined
by correlation coefficients of GDP quarterly series and other macro variable
series. Out of many consumers spending and money supply have high
correlation and significant pValue with GDP. Hence there macro variables are
used to forecast the GDP into future.
3.2.5 Implementation
GDP data is forecasted n steps into future using two different methodologies.
Each method implements 2 models. The lags of the models are determined as
AR=1 and MA =2 from ACF and PACF plots. Hence these are used for model
fit and prediction.
Model 1: ARIMA (1, 1, 2)

Forecast GDP using past GDP values and white noise.
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Where

p q
Ye= 0o+ z DiYe—i + z 0;ar—; (3.4)
i=1 i=1
Ve = GDP value one step into future.
At = white noise term
@y,0; = Coefficients of their corresponding AR or MA terms

Model 2: ARIMA (1, 1, 2) with Regressors

Forecast GDP using past GDP values, Independent/explanatory variables and

3.2.6

respectively

Methodology

1. Fixed Window Prediction

2. Moving Window Prediction

white noise.
p q n
Ye =00 + Z Piyei + Z 0;a,_; + Z O Xe—i (3.5)

Where,

Vi = GDP value one step into future.

¢ = white noise term

X¢ = Independent variables

Do, 6i, @i = Coefficients of AR, MA

and Regressor terms

In the above mentioned methodologies, the entire data is split into Training

data and validation data. Training data is used to fit the model and estimate
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the coefficients and Validation data is used for validation.
Forecasted/estimated data is compared with the validation data to determine
the accuracy of prediction. These methodologies are employed for various
time intervals, to identify the patterns during different time periods of
economic contraction and expansion.
3.2.7 Forecasting and Analysis
GDP is forecasted for different time periods, categorized based on the
economic conditions.

e Boom Period: This is period where the economic expansion or growth

in the economy.
e Bust period: This is the period of economic contraction where the
economy grows in the negative direction also called as recession.

From the past knowledge, 2000-2002 and 2008-2010 were the most recent
recessions, 2004-2007 and 1996-2000 were considered as growth period
where in the economy was expanding. Model is fit to the training data in each
time period to estimate the coefficients. The estimated coefficient