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ABSTRACT

This study constructs portfolios from the stocks of BagnStock Exchange using Markowitz
Quadratic Programming model and then compares it withmidwket index portfolios. It analyzes the
portfolio performance with varying holding periods and alsdsdedth the problem of determining the
optimal holding period for Markowitz portfolios as wels market portfolios and compares them. The
paper also analyses portfolios sector-wise and explainesuds of the optimal holding periods for the

indices.
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INTRODUCTION

According to the portfolio theory (Markowitz, 1952), invastoequire a higher return from the market
portfolio than from risk free return investments. Thigrket portfolio return depends on risk indicating a
positive relationship. Merton (1973) shows that the conditioxé&ted excess return on the aggregate
stock market is a linear function of its conditional var@ndgth a positive slope. French et al. (1987),
Campbell (1987), Chou (1988), Chan et al. (1992), Chou, et#2)1Glosten et al. (1993), Harvey
(1989, 2001), Bollerslev and Zhou (2005) and Ludvigson and Ng (2&@1d) daily data in order to
examine the risk - return relationship with most of thetséies to support the expected positive

relationship.
PREVIOUS RESEARCH

Ulucan (2007) investigated the optimal holding period forMlean Variance efficient portfolio
using Istanbul stocks. ISE-10iidex and FTSE-40 index stocks data between January 2000 and
November 2004 were examined. They adopted Mean Variance(M), \Bariance(SV) and Expected
Loss(EL) as risk criteria to solve the optimization problefe empirical results indicated as follows:
MV efficient investment portfolio performs better mniger term investment horizons. The 9-month
holding period provides the best performance but this advantidge longer exist once the holding

period is greater than 12-15 months.

Mu-Lan Wang et al. (2010) analyzed the portfolio perforoeanith varying holding periods
using Taiwan stocks. He used the Taiwan 50 Index, TaMia-Cap 100 Index, Taiwan Technology

Index and Finance Index stocks data from January 2005 to M@@é¢has samples. The performance for
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the MV method is better than the index return, which showsrbat active investment strategy

provides a better return compared with the index. Additiontill/optimal holding period is 2-6 months.

Ali Argun Karacabey (2006) compares Markowitz model withan variance as risk measure and three
other portfolio optimization models which use mean absoluteatierias risk measure. In order to
evaluate the performance of the portfolio optimization ngde used 5 year data —from January 2000
to December 2004- which contain monthly adjusted pricarimdtion for securities involved in ISE-100,
the well known index of Istanbul Stock Exchange. Mean varipooolios under the 3 month
assumption produced higher returns than the market andettie abbsolute deviation portfolios. In the
case of portfolios being revised in every 6 months, Mgitfolios showed bigger progress than MV
portfolios but both of them still underperformed the margétfting the portfolio composition one in a
year does not make any statistically significant déffee for the MAD portfolios but it decreased the

performance of the MV portfolios.

Parada (2008) develops some propositions for building a portiglde up of risky assets to
substitute a risk-free asset, further determiningotioportions that should be invested to generate this

portfolio and analyzing the construction of a portfolioubstitute the market portfolio.

Konno (1991) compared the performance of his optimization nvatlemean absolute
deviation as risk measure with that of Markowitz modshg the historical data of 224 stocks included
in NIKKEI 225 index and TOPIX index. Markowitz portfoliogaays outperformed the market
portfolios and appeared to be somewhat better than postimbiostructed from his model. Portfolios
with MAD as risk measure were better when compared taehaortfolios for most of the time.
Portfolio models were comparable to Markowitz model whemitlimber of stocks is on the higher side
so can be used practically. Calculated optimal portf@iattheir performance were quite similar to
Markowitz portfolios and believe that these portfoliofl wiot be very much different for the model

when the number of stocks exceeds 1000.

Kroll et al. (1984) reported that the mean-variance pootfwdis a maximum utility function or
at least a near optimum expected utility. The solution af@imization problem is the vector of
portfolio weights, i.e. parts of the investor's wedaitvested into the selected assets.

RESEARCH METHOD AND DATA SOURCE

The basic portfolio model developed by Harry Markowitz cetithe expected rate of return for
a portfolio of assets and an expected risk measure. Méekshowed that the variance of the rate of
return was a meaningful measure of portfolio risk undeaaanable set of assumptions, and derived the
formula for computing the variance of a portfolio. Therktavitz model is based on several
assumptionsregarding investor behavior under whiclsirgle asset or portfolio of assets is considered
to be efficient if no other asset or portfolio of ass&fters higher expected return with the same (or
lower) risk, or lower risk with the same (or higher) expdaeturn.
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Markowitz portfolio optimization model employs variansethe measure of risk and the
objective of the model is to find out the weightings of thetagbat minimize the variance of a portfolio
and provide the portfolio to have a return equal or biggerttimexpected return. So the mathematical

model forn assets is as follows:

The expected return for the portfolio
"

E{anﬂ} = Z WEE{RE.}
i=1

For two assets,andj, the covariance of rates of return is defined as:
Cov; = E{[R; — E(R,)I[R; — E(R;)]]

Standard Deviation of a portfolio as follotvs
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"The assumptions are given below:

1. Investors consider each investment alternative as bepngsented by a probability distribution of

expected returns over some holding period.

2. Investors maximize one-period expected utility, and thtdity curves demonstrate diminishing

marginal utility of wealth.
3. Investors estimate the risk of the portfolio on the badiseo¥ariability of expected returns.

4. Investors base decisions solely on expected return andaigieis utility curves are a function of
expected return and the expected variance (or standard devadtietyrns only.
5. For a given risk level, investors prefer higher megup lower returns. Similarly, for a given level of

expected return, investors prefer less risk to moke ris
Minimize
™ ™
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Where,
W, = the percent of the portfolio in asset i

E(R) = the expected rate of return for asset i

cport = the standard deviation of the portfolio

-
&

g; = the variance of rates of return for assets i
Cov; = the covariance between the rates of return for aiszets]
p = a parameter representing the minimal riatetorn required by an investor

Fabozzi (1999), in order to construct an efficient portfali the Markowitz model could be summarized

as follows, one needs to

« Calculate the expected return rates for each stobk included in the portfolio,

« Calculate the variance or standard deviation (riskg&zh stock to be included in the portfolio,
« Calculate the covariance or correlation coefficidotsall stocks, treating them as pairs.

The model yields the optimum weights or the percentgesestment in each asset in a
portfolio which allows the investor to have maximum retaha minimum risk. By varying the weights
the investor can notice the changes in the returnsigkelassociated with the portfolios and accordingly

alter his investments in line with how risk averse he/she is

The present study analyzes the stock data of 7eésditthe Bombay Stock Exchange (BSE)
out of which two of them are broad indices, BSE-SENSEX &88-BIIDCAP. The study targeted five
sector wise indices AUTO, FMCG, IT, METAL and OIL GAkhe selected study period is between the
dates January 2004 to December 2006, during which the avdragening and closing values of the
stocks of the relevant firms and the indices were employéleastudy data. The data obtained average
return values for 3 years for each stock and index on a tydygkis when the performance was
evaluated for a span of 6 months or more and on a daily Wwasin the portfolios were constructed for a

span of 3 months or less.

In the case of evaluation of performance of portfoliothefbroad Indices SENSEX and
MIDCAP, the firms were chosen through randomly in ordemnguee objectivity. Ten stocks from each

index were chosen and then compared with the respective index.

In the case of evaluation of performance of portfoliothefsector wise indices, AUTO
comprises of 11 automobile industries but due tk taata 10 stocks were only considered in the
portfolio. FMCG consists of 10 fast moving consumer goods fimtise portfolio. IT comprises of 10
firms out of which 9 were considered in the portfolio hessaof missing data of 1 firm. METAL
portfolio has 12 stocks out of 13 firms listed in the idelL GAS consists of 7 firms in the portfolio

out of the 9 listed firms in the index.
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The risk-free rate of return has been taken as thefatéerest offered to a fixed deposit in government

banks which turns out to be 3percent.

Return$ are calculated from the stock price data obtained on a nydsdhls for portfolios
whose holding periods are atleast 6 months and on a dailyfapirtfolios whose holding periods are
3 months or less. The Covariance matrix of a portiots obtained using covariance function in excel
solver. The drawings of an efficient frontier for a portiadif stocks was done using Monte Carlo
simulation in excel. A tangent drawn from the taken risk-fise of interest to the frontier gives the

efficient portfolio which means we get the optimum weiglitsach stock in a portfolio

BT BT
BV

'Return is defined as;R ; EV is ending value, BV is beginning value

" Data collected fromvww.bseindia.com
EMPIRICAL RESULTS

The performances for Markowitz efficient frontiers Bfthe 7 indices are compared with
corresponding index returns in 1, 3, 6, 9, 12, 18, 24 and@@mholding periods. In Tables 1 to 7, the
returns of the Markowitz portfolios for all target retdevels are superior to the index returns for any
holding period.

In Table 1, the returns of the optimal portfolio are diehigher than that of the index SENSEX
returns and returns are a maximum with the lowestatiskholding period of 3 months. This shows that
reviewing the portfolios for every 3 months time perioepected to be much more profitable to the
investor. In Table 3 and Table 7, the optimal holding perfodthe portfolios made up of stocks from
index AUTO and OIL GAS respectively turned out to be 3ithe which clearly shows the speculative

nature of these stocks and active trading could give highenset

From tables 2, 4, 5 and 6, the derived optimal holding peoiopdrtfolios consisting of stocks
from indices MIDCAP, FMCG, IT and METAL is 12 months. Inthes in the METAL index have
longer gestation periods and economic life cycles wbathd account to their 12 month optimum period
to give higher returns.

The portfolio of stocks from the BSE-IT index returnedhighest yield and their optimum
period is 12 months which shows that though these stocks atieviolanature they remain at certain
levels either high or low for longer periods of time whempared to much more speculated stocks. The
lifecycle of the projects of the IT firms also accounttte longer holding period even though they are

volatile in nature.
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Table 1: Efficient Portfolios’ Performance over BSE-SEISEX Index Returns (Jan '04—Dec '06)

1 -0.14 1.85 0.57 2.44
3 -1.87 1.71 4.0¢ 0.0¢
6 -1.5¢ 5.21 0.9¢ 7.01
9 -4.9¢€ 14.72 1.82 5.92
12 -1.74 13.5 3.32 5.52
18 -0.44 11.11 3.17 5.3¢
24 1.01 9.8¢ 3.84 5.2t
36 1.0¢€ 8.4f 3.6t 5.3¢€

Table 2: Efficient Portfolios’ Performance over BSE-MIDCAP Index Returns (Jan '04-Dec '06)

1

3 -8.79 191 -4.49 4.91
6 -6.77 2.84 0.07 9.3¢

9 -0.59 9.9 4.89 10.9
12 1.67 10.06 5.2 8.82
18 11 8.3¢€ 5.0¢ 9.1¢
24 1.53 7.92 471 7.17
36 2.16 8.5 4.07 8.45

Table 3: Efficient Portfolios’ Performance over BSE-AUTOIndex Returns (Jan '04—Dec '06)

1

3 0.82 0.98 4.19 1.64
6 -1.91 6.3¢€ 0.41 7.52

9 -0.8¢ 5.0¢ 1.0€ 7.47
12 -0.04 6.03 1.87 5.15
18 0.88 5.72 2.18 5.77
24 0.23 6.07 1.95 4.96
36 0.68 5.73 191 5.42
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Table 4: Efficient Portfolios’ Performance over BSE-FMCG Index Returns (Jan '04—-Dec '06)

Application of Markowitz Optimization Model

1

3 -1.46 1.34 -0.52 5.46
6 -6.41 8.82 -3.59 3.9
9 -0.5¢ 5.1¢€ 1.24 7.0
12 1.96 6.78 7.07 8.05
18 2.73 5.61 6.07 8.91
24 2.06 6.97 5.47 5.92
36 1.39 8 4.67 9.39

Table 5: Efficient Portfolios’ Performance over BSE-ITIndex Returns (Jan '04—-Dec '06)

1 -0.37 1.35 2.34 2.15
3 -4.6 2.63 3.07 1.77
6 -2.21 3.58 6.63 4.21
9 -6.13 9.7 9.7 7.9
12 -3.11 15.1¢ 12.2¢ 17.7
18 -11 12.57 11.28 19.2
24 -0.0¢ 11.01 7.1% 8.54
36 0.24 9.36 7.03 12.6

Table 6: Efficient Portfolios’ Performance over BSE-METAL Index Returns (Jan '04—Dec '06)

1

3 -12.54 0.41 -5.77 3.99
6 -10.2¢ 4.41 -7.7¢€ 5.27

9 -2.6¢€ 11.1¢ 0.67 10.7
12 0.51 10.96 3.36 11
18 0.22 9.5 2.73 9.2
24 0.81 8.4 3.02 8.59
36 1.81 9.99 3.22 10.7
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Table 7: Efficient Portfolios’ Performance over BSE-OIL GAS Index Returns (Jan '04—Dec '06)

HOLDING INDEX OPTIMAL
PERIOD PORTFOLIO
IN MEAN | STANDARD | MEAN | STANDARD
MONTHS DEVIATION DEVIATION
1 0.1Z 2.6¢€ 0.31 3.3Z
3 0.04 6.29 5.44 1.05
6 -5.3¢ 9.87 2.61 7.9z
9 -1.84 8.81 1.48 5.85
12 0.0¢ 8.07 55 8.1Z
18 0.15 6.73 4.05 7.01
24 0.95 6.12 4.12 6.76
36 0.56 5.78 2.18 5.63

CONCLUSIONS

The quadratic programming model of Markowitz has been testhdhe real data of an
emerging market and the analyses showed that the Markowifaljpar always outperformed the index
portfolios. In any holding periods Markowitz portfolios gavgher returns compared to the market
portfolios. The model reduces the difficulty in assegshe differential risks or variations when it is a

case of more number of assets in the portfolio.

The analysis is carried out on different sectors irett@omy and the results show where the
investors could gain more and where to invest. The IToséetd high returns and a 12 month optimal
holding period whereas the OIL GAS sector showed ®aBtimoptimal period which reflects that an

investor could expect more returns through much more dctigiing than compared to the IT stocks.

These results suggest that the revision of portfolizgydarkowitz model at the corresponding

optimal holding periods of the respective sectors woubfitthe investors.
REFERENCES

1. Reilly, F.K. and Brown, K.C., 2007. “Investment Analyaisd Portfolio Management”,"‘B
Edition, Thomson Learning, Pg. 209-236

2. Fisher, D. E. and Jordan, R. J., 1995. “Security AnalysisPortfolio Management”"6
Edition, Prentice-Hall, USD

3. Markowitz, H. M., 1952. “Portfolio Selection”, Journal Bfhance, Vol.7, 77-91.

4. Parada, J. R., 2008. “A Substitute for Riskless Assgtlam Market Portfolio”, European
Journal of Economics, Finance and Administrative Scienssse 10, March 2008, Pg. 19-28.

5. Ulucan, A., 2007. “An analysis of mean-variance portfolieaon with varying holding
periods”,Applied Economics, 39, 1399-1407.



65

10.

11.

12.

13.

14.

15.

16.

17.

18.

Application of Markowitz Optimization Model

Konno, H. and H. Yamazaki (1991), “Mean-Absolute Deviatiorifielio Optimization Model
and Its Applications to Tokyo Stock Market”, Managemenefoe, Vol.37, No.5, pp.519-531.

Wang, M. L., Wang, C. P. and Chen, Y. C., 2010. “Exploring thén@ptHolding Periods with
Different Risk Criteria in Taiwan Stock Market”, Interrmtal Research Journal of Finance and

Economics, Issue 40, 2010.

Akintoye, I. R., 2008. “Financial Decisions in Tertidggucational Institutions in Nigeria: A
Limitation of Model”, European Journal of Economics, Finaaed Administrative Sciences,
Issue 10, March 2008.

Floros, C. and Vougas, D. V., 2006. “Hedging Effectivene&raek Stock Index Futures
Market, 1999-2001", International Research Journal of Feand Economics, Issue 5, 2006.

Gerald, V. F., 2006. “International Risk Tolerance, Cdptarket Failure and Capital Flows to
Emerging Markets”, United Nations University- Worldstitute for Development Economics
Research, Issue 35, April 2006.

Balios, D., 2008. “Intraday Risk — Return Relationship and Fateerns in the Athens Stock

Exchange”, Journal of Money, Investment and Banking, 18s2608.

Karacabey, A. A., 2006. “Is Mean Variance EfficierathMAD in Istanbul? ”, International

Research Journal of Finance and Economics, Issue 3, 2006.

Ormos, M. and Urban, A., 2010. “Requisites for Long-t&mwth in Financial Markets”,
International Research Journal of Finance and Economicg, &5 2010.

Al-Ajmi, J. Y., 2008. “Risk Tolerance of Individual Inviess in an Emerging Market”,

International Research Journal of Finance and Economicg, 155 2008.

Bodnar, T. and Zabolotskyy, T., 2008. “Distributions o ¥Weights of Sample Optimal
Portfolios in Multivariate Conditionally Heteroscedadlliptical Models”, Journal of Money,
Investment and Banking, Issue 1, 2008.

Kapusuzoglu, A. and Karacaer, S., 2009. “The Process ok Btortfolio Construction with
Respect to the Relationship between Index, Return and Ridkiiog from Turkey”,

International Research Journal of Finance and Economicg, &85 2009.

Herold, U., Maurer, R., Stamos, M. and Vo, H. T.,2007 “Togturn strategies for multi-asset
portfolios: dynamically managing portfolio risk”, Journ&lRortfolio Management, Issue 33,
2007, Pg. 60-76.

Wu, L. C,, Chou, S. C,, Yang, C. C. and Ong, C. S., 20@hdEced index investing based on
goal programming: includes passive management of a smallemwhbtocks”, Journal of
Portfolio Management, Issue 33, 2007, Pg. 49-56.



Debasis Patnaik & Susanth Bandaru 66

19. Simaan, Y., 1997, “Estimation Risk in Portfolio SelectioheT™ean Variance Model Versus

the Mean Absolute Deviation Model”, Management Science43pNo.10, pp.1437-1446
APPENDICES

The stocks included in the BSE-SENSEX index are:

COMPANY NAME SCRIP ID SCRIP CODE
BHARTI AIRTEL LTD. BHARTIARTL 532454
BHARAT HEAVY BHEL 50010:¢
ELECTRICALS LTD.

HDFC BANK LTD. HDFC 500180
INFOSYS TECHNOLOGIES LTD. INFOSYS 500209
LARSEN & TOUBRO LTD LNT 50051(
OIL AND NATURAL GAS ONGC 500312
CORPORATION LTD.
RELIANCE INDUSTRIES LTD. RIL 500325
STATE BANK OF INDIA SBI 50011:
TATA MOTORS LTD. TATAMOTORS 500570
TATA STEEL LTD. TATASTL 500470
The stocks included in the BSE-MIDCAP index are:
COMPANY NAME SCRIP ID SCRIP
CODE
ANDHRA BANK ANDHRABANK 532418
BIRLA CORPORATION LTD BIRLACORF 50033¢
BOMBAY DYEING & BOMBAYDY 500020
MFG.CO.LTD.
ESSAR SHIPPING PORTS . ESSARSHIF 50063(
LOGISTICS LTD.
GLAXOSMITHKLINE CONSUMER GLAXOCON 50067¢
HEALTHCARE LTD.
HINDUSTAN OIL EXPLORATION HINDOILEXP 500186
CO.LTD.
ING VYSYA BANK LTD. INGVYSYA 531807
MRF LTD. MRF 50029(
MAHANAGAR TELEPHONE MTNL 500108
NIGAM LTD.
ZUARI INDUSTRIES LTD. ZUARIIND 500780
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The stocks included in the BSE-AUTO index are:

COMPANY NAME SCRIP ID SCRIP CODE
AMTEK AUTO LTD. AMTEK 52007"
APOLLO TYRES LTD APOLLOTYRE 50087
ASHOK LEYLAND LTD. ASHOKLEY 500477
BHARAT FORGE LTD. BHARATFORG 500493
CUMMINS INDIA LTD. CUMMINS 500480
EXIDE INDUSTRIES LTD EXIDEIND 50008¢
HERO HONDA MOTORS HEROHONDA 500182
LTD.

MAHINDRA & MNM 500520

MAHINDRA LTD.

MARUTI SUZUKI INDIA MARUTI 53250(

LTD.

TATA MOTORS LTD. TATAMOTORS 500570
The stocks included in the BSE-FMCG index are:

COMPANY NAME SCRIP ID SCRIP CODE
COLGATE-PALMOLIVE COLGATE 500830
(INDIA) LTD.

DABUR INDIA LTD. DABUR 500096
GODREJ CONSUMER GODREJCP 532424
PRODUCTS LTD.

HINDUSTAN UNILEVER HUL 50069¢
LTD.

ITC LTD. ITC 500875
MARICO LTD. MARICO 531642
NESTLE INDIA LTD. NESTLE 50079(
TATA GLOBAL TATAGLOBAL 50080(
BEVERAGES LTD.

UNITED BREWERIES UNITEDBREW 532478
LTD.

UNITED SPIRITS LTD. UNITDSPR 532432
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The stocks included in the BSE-OIL GAS index are:

COMPANY NAME SCRIP ID SCRIP
CODE
BHARAT PETROLEUM BPCL 50054"
CORPORATION LTD.
GAIL (INDIA) LTD. GAIL 532155
HINDUSTAN PETROLEUM HPCL 500104
CORPORATION LTD.
INDIAN OIL CORPORATION I0C 530965
LTD.
OIL AND NATURAL GAS ONGC 500312
CORPORATION LTD.
PETRONET LNG LTD. PETRONET 532522
RELIANCE INDUSTRIES RIL 500325
LTD.
The stocks included in the BSE-IT index are:
COMPANY NAME SCRIP ID SCRIP
CODE
CORE PROJECTS & COREPROJECT 512199
TECHNOLOGIES LTD.
FINANCIAL FINTECH 526881
TECHNOLOGIES (INDIA)
LTD.
HCL TECHNOLOGIES HCLTECH 53228:
LTD.
INFOSYS INFOSY<S 50020¢
TECHNOLOGIES LTD.
MPHASIS LTD. MPHASIS 52629¢
ORACLE FINANCIAL ORACLEFIN 532466
SERVICES SOFTWARE
LTD.
PATNI COMPUTER PATNI 53251°
SYSTEMS LTD.
TATA CONSULTANCY TCS 53254(
SERVICES LTD.
WIPRO LTD. WIPRO 507685

68
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The stocks included in the BSE-METAL index are:

COMPANY NAME SCRIP ID SCRIP
CODE

BHUSHAN STEEL LTD. BHUSSTEEL 50005¢
HINDALCO HINDALCO 500440
INDUSTRIES LTD.
HINDUSTAN ZINC LTD. HINDZINC 500188
JINDAL SAW LTD. JINDAL 500378
NATIONAL NALCO 532234
ALUMINIUM CO.LTD.
NMDC LTD. NMDCLTD 52637:
STEEL AUTHORITY OF SAIL 500117
INDIA LTD.
SESA GOA LTD. SESAGOA 500295
STERLITE INDUSTRIES STERLITEIND 500900
(INDIA) LTD.
TATA STEEL LTD. TATASTL 500470
WELSPUN CORP LTC WELCORF 53214«

Due to economic recession, the data taken during the p@@@ds2009 were giving very low returns
and hence results were not displayed in this paper. S&8#-POWER and BSE-BANKEX were not

considered due to lack of data for the selected period.



