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IndiaAbstract:

The current research was carried out with the goals of analyzing the risk return connection
aswell as the volatility patterns in the return. For the purposes of this research, three well-
establishedinformationtechnologybusinesses,namelyTCSLtd., WiproLtd.,andInfosysLtd.,aswell
asthel TIndex,ofwhicheachofthesecompaniesisacomponent,wereanalyzed. Afterconverting the
closing prices of the chosen firms and the IT Index to log returns, a price seriesanalysis was
performed on the closing prices of the IT Index and the selected companies. Inorder to
investigate the degree of volatility present in the return series, both the standarddeviation and
the GARCH model have been used. The information gathered from the mostrecent four
calendar years, 2019 through 2022, has been analyzed. Information was
obtainedfromtheBombayStockmarket,which  claimsthetitleofbeingtheoldest = stockmarket
inallofAsia. The "More Risk, More Reward" adage does not seem to be followed by the return
seriesduringthecourseofthetimeunderreview.

Eventhoughthestocksofthesefirmsandtheindexthatwasresearchedperformedwellthroughouttheti

methatwasbeingstudied,thereturnseriesthatwasanalyzeddidnotrevealanyspecificvolatilitypattern

Keywords:Return,Risk, Volatility, GARCH
Introduction:

Risk and return are deciding factors for investors to invest in any asset. Investors like
morereturn but less risk.A rational investor will assume more risk only if it is accompanied
byextra return. More risk more reward is an old axiom. This study aims at analysing
whetherthis is still applicable in the Indian Stock market. Standard deviation is considered
as
thehistoricalmeasureofrisk/volatility,butitisstillusedbymanyasproxytovolatility. Withtheadve
nt of Autoregressive Conditional Heteroscedastic (ARCH) model and its generalisedversion
as GARCH (Generalised ARCH) model, volatility 1is being analysedby
applyingthesemodels.Presentstudyanalyslgaslgglﬁiolytilbyapplyingstandarddeviationaswellas
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GARCH model. Two major stock exchanges in India are Bombay Stock Exchange

andNationalStockExchange.BombayStockExchangeistheoldeststockexchangeofAsia.
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Most of the studies in India have been taken by analysing theSENSEX or NIFTY50
asmarket index whereas sectoral indices are ignored. Infosys and Tata Consultancy
Services(TCS),reportedfinancialresultsthatwereworsethananalystshadanticipated. Theseresul
tshighlight the problems that the sector is facing as a consequence of the protracted
downturnin the developed nations. TCS receives around 95 percent of its income from the
Americas,Europe,and

therestoftheworld(ROW),whilelnfosysreceivesmorethan97percentofitsrevenue from these
regions combined. ROW refers to all other regions outside of NorthAmerica and Europe.
The weakness is also reflected in their stock wvalues, which, over
thecourseofthelastyear,havedonepoorlyincomparisontotheperformanceofthebenchmarkequit

yindexes.

AsPerDr.NaveenPrasadula(2023)Inthelastyear,uptoAprill8,2023,thevalueofashareinInfos
ysorTCShasdecreasedby22.2percentor11.30percent,respectively.Ontheotherside,overthesa
metimeperiod,theBSESensexhadagainof4.5percent.Since Apriloflastyear,thesharepricesofot
herlarge-capl TcompanieslikeasWipro,HCLTechnologies, and Tech Mahindra have also
fallen by 32%, 4%, and 24%, respectively.examinedthecross-
sectionalrelationbetweenconditionalbetasandexpectedstockreturnsforasampleperiodofJuly1
963toDecember2004.ThestudyusedalltheNYSE,Amex,andNasdaqfinancialandnonfinancialf
irmsanddatawasobtainedfromtheCenterforResearch inSecurityPrices
(CRSP)fortheperiodfromJuly 1963 throughDecember

2004 .Researchersuseddailystockreturnstogeneratetheconditionalbetameasures. Compustatda
tasetwasalsousedtoobtainthebookvaluesforindividualstocks. Theresultindicatedapositive,sig
nificantrelationbetweenconditionalbetasandthecross-sectionofexpectedreturns. The average
return difference between high and low-beta portfolios ranges
between0.89%and1.01%permonth,dependingonthetimevaryingspecificationofconditionalbet
a.Aftercontrollingforsize,book-to-
market,liquidity,andmomentum,thepositiverelationbetweenmarketbetaandexpectedreturnsrem
ainedeconomicallyandstatisticallysignificant. MenggenChen,(2021),throughhisstudythrowslig
htonfourresearchquestions.First,heexploredthechangesoftherisk-
returnrelationshipovertimeintheChinesestockmarkets. Then,differenceinrisk-
returnrelationshipbetweenShanghaiandShenzhenstockmarketswereanalysed. Thestudythenc
omparedthesimilaritiesanddissimilaritiesoftherisk-

returntradeofffordifferentfrequencydata. Atlast,anattemptwasmadebyresearchertocompareth

eexplanationpowerofdifferentGARCH-Mtypethatarecommonlyusedinexploringtherisk-
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returntradeoff. TheresearcherusedthestockpriceindicesoftheShanghaiCompositePricelndexa

ndShenzhenComponentPricelndexfromApril3,1991toJuly?29,
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2011.Thispaperanalysedtherisk-returntradeoffbyusingdaily, weeklyandmonthlyreturndata
simultaneously. The empirical results showed that the dynamic risk-return
relationshipwasquitedifferentbetweenShanghaiandShenzhenstockmarkets. Apositiveandstati
sticallysignificantrisk-returnrelationshipwasfoundfor the daily returns in
ShenzhenStockExchange,whiletheconditionalmeanofthestockreturnswasnegativelyrelatedtot
heconditional variance in Shanghai Stock Exchange. The study also found that the risk-
returnrelationship usually became much weaker for the lower frequency returns in both
markets.Kuangnan Fang, Ji Wu &Cuong Nguyen (2015) analysed the risk-return trade-
off in aliberalized emerging stock market Vietnam during the period 2007-2014. The
research datawas extracted from DataStream website. Daily and monthly individual stock
returns in theVSM from 2007 to 2014 were collected from the database as well as market
capitalizationandbookto-marketratio(BM).Theinterbankofferedratewasusedastherisk-
freerate. Thestudy excluded stocks with either daily returns of less than —100 percent or
monthly returnsgreaterthan200percent,aswellasstockswithanegativebook-to-
market(BM)ratio,inorderto reduce the noise in computing variables for each stock. Stocks
that did not continuallyhavepast-twenty-two-
daysreturnrecordsinaparticularmonthwerealsoexcludedfromthesample. 684 stocks were
considered for the study. 42,828 monthly return observations andapproximately 1 million
daily return observations were used by the researcher.The authorfound thatneither
therealizedidiosyncratic volatility nor the conditional idiosyncraticvolatility has been priced.
It was also found that the Rational multifactor models could wellexplain the stock portfolio
returns. Flat trend for equal-weighted idiosyncratic
volatility(IVOL),butadownwardtrendformarketvolatilitywasnoticedinthestudy. Theresultsals
oshowed that the idiosyncratic risk played an unimportant role in pricing stocks and that
thesystematic risks still dominate asset returns in emerging stock markets. Results implied
thatVietnamese investors can get increased benefit from portfolio diversification.Al
Adwani, J.(2016)usedfactormodelswithmacro-financepredictorstotesttheintertemporalrisk-
returnrelationfor13Europeanstockmarketsfrom1986t02012.Researcherusedmonthlycountrys
pecific,euroarea,andUSmacro-
financefactorstodeterminetheconditionalvolatilityandconditionalreturn. Theresultsconfirmed
negativerisk-returntrade-off. TheMarkovswitchingmodelconfirmedthattime-
variationintheabovementionedtrade-offbetweenriskand return was linked to the state of the
economy, but not the business cycles. Quantileregressions exhibited that the risk-return
trade-off was stronger at the lowest quantile of
theconditionalreturn.Patel,R.(2021)conductedthestudytoexaminetherisk-

returntradeoffinthelndianstockmarket. ThesampleperiodofstudywasfromJanuary4,2000toDe
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cember31, 2020.The empirical results showed existence of risk-return tradeoff in the BSE.

Apositiverisk-returntradeoffwasfoundformonthly &annualreturnseries. Themarkethas
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weakrisk-returnrelationship  indailyreturnseries. TheCGARCH(1,1)capturedtheasymmetric
volatility effect for all the different frequency based returns. The study hasimplications for
theinvestors. = The risk return relationship was stronger and significant
inlongerdurationofinvestment. Themarketgavehigherreturnforundertakinghighrisk.Leirvik,
T. (2022)analyzed the relationship between the volatility of market liquidity andrealized
returns of the five largest cryptocurrencies Bitcoin, Litecoin, Ripple, Ethereum andBCH.
The sample used in the study analysis covers the period from January 1st, 2016,
toDecember31st,2020.Theresearcherusedshorttimeperiodforthestudyinordertocomparecross
sectionally.DataforthestudywastakenfromCoinmarketcap.comwebsiteandwasatdailyfrequen
cywhichcontainsopen, high,low,closeprices,volume,andmarketcapitalization. In order to
control for other variables which might impact cryptocurrencyreturns,theVIX-
indexandS&P500indexwere  includedinstudy.Inaddition,acryptocurrency  index  was
constructed by using twelve different currencies. The
currenciesused,inadditiontothefivecurrenciesanalyzedinthepaper,wereEOS.IO(EOS),Binanc
eCoin (BNB), Cardano (ADA), Stellar (XLM), Monero (XMR), Chainlink
(LINK),andTron(TRX).BecauseBitcoinwasmuchlargerincapitalizationthanallothercurrencie
s,the index was equally weighted so that any sensitivity towards the index was not
confusedwith sensitivity towards Bitcoin. The results indicated a positive relationship
between thevolatilityofliquidityandreturnsingeneral. Thismeansthat investorsconsiderthetime-
variationofliquidityasariskwhichshouldbecompensatedwithhigherreturns.ForBitcoin,the
largest cryptocurrency, this relationship varies over time, and it was found that
therelationship between the volatility of liquidity and returns is the lowest, yet positive,
amongthe currencies studied. This again indicates that investors in Bitcoin consider
liquidity less arisk compared to the other currencies, which might be due to the popularity

of the particularcurrency.

ObjectivesoftheStudy:Presentstudyhasbeenundertakenwithfollowingobjectives

1. TofindoutrelationshipbetweenriskandreturnamongsomeofthelnformationTechnolog
ycompanieslistedonBombayStockExchange

2. Tofindoutwhethertherelationshipissameamongcompaniesandthelndexofwhichthesec
ompaniesareconstituents

3. Todeterminethevolatilitypatternsofreturnsanalysed
4. Todeterminewhichofthereturnsanalysedishighlyvolatile

Data for the study:Bombay Stock Exchange is the oldest stock exchange in India

andinformationtechnologyisaboomingsector,sothreeestablishedITcompanieslistedinS&PBS
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ElnformationTechnologylndexalongwiththisindexhavebeenselected forthepresent
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study. For sake of simplicity S&P BSE Information Technology Index will be termed as

ITIndexinrest

oftheresearchpaper.Closingpricesfor4recentcalendaryearsforallthethreecompanies selected

and the IT Index,

from 1st

January 2019 to 31st

December2022,collectedfromBombayStockExchange,havebeenanalysed.

Table 1 shows the turnover of the three Companies selected for the present study for

theperiodunderstudy

Infosys Ltd (INFY) Share Price
e Szctor. [T - Software (Large Cap) | folume: 2800758

Jun 28,2023 13:24 |57

71,294.10 @4s5(122%)  NsE

)

g STOCK ANALYSIS

BSE

T Tata Consultancy Services Ltd (TCS) Share Price

Sector [T - Softwars (Large Cap) | slume: 804582

Jun 28, 2023 13:34 15T

E3'226_95 T29.60 (1.02%) NSE BSE Ty
vilva) 00 12:00 300
1€ STOCK ANALY 515
st Wipro Ltd (WIPRO) Share Price
“pu_l_'..'-:" Sactor T - Software (Large Cap) | Viclume 1786754

Jun 28, 3032 13.34 [ET

¥381.90 ~zo70(-0.29%)  NSE BSE

\"\_/\.4 Jun 28,2023 12°44
382 | 238210 r..-.__

Tablel
TotalTurnover(Rs.)
Year TCSLtd. Wiproltd. InfosysLtd.
2019 73289180385 44021992320 92428935722
2020 94141426396 33871164466 110058310162
2021 128682056993 78840995954 162078893681
2022 136383764860 66547000919 166450601296

ItisclearfromtheabovetablethatturnoverforTCS

Ltd.andInfosysLtd.areonincreasingtrendforallthefouryears,whereasforWiproLtd.thetrendis

mixed.

Return:

Closingpricesofallthethreecompaniesasvsigllas ndgexwereconvertedtologreturnwiththehelp
age No:
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offollowingformula
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Return=(Logofclosikgpricest—Logofclosikgpricest—1)*100

WherelogisthenaturallogandtisthetimeperiodAllth

ereturnseriesarepresentedgraphically.
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S&PBSEInformationTechnologylndexReturn
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Table
2DescriptiveStatisticsofReturn
Wiproafteradj | Infosysafterad | S&P BSE
Statistic Tata Consultancy ustingforoutli | justingforOutli| InformationTechno
Ltd. er er logyIndex

Mean 0.054275 0.042344 0.100955 0.071241
Median 0.055945 0.056084 0.123131 0.107359
Maximum 9.435958 15.56413 11.94903 8.029748
Minimum -9.92652 -9.39433 -10.4895 -9.68986
Std.Dev. 1.655707 1.876742 1.810902 1.517803
Skewness -0.26074 0.667892 0.074208 -0.56622
Kurtosis 7.405526 10.71179 9.137117 9.441243
Jarque-Bera 813.465 2531.918 1557.698 1767.91
Probability 0 0 0 0
Observations 992 992 992 992
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TCS VS INFOSYS
REVENUE GROWTH FOR FIVE YEARS

Fiscal TCS INFOSYS

year (in $ million) (in $ million)

FY22 25,707 15.9% 16,311 20.3%
FY21 22174 0.7% 13,561 6.1%
FY20 22,030 53% 12,780 8.3%
FY19 20,913 9.6% N,799 7.8%
FY18 19,089 8.6% 10,939 7.2%

AbovegraphsaswellastheDescriptivestatisticsshowthattherearesomecommonpatternsin  the
return series of all the three companies and the Index returns. All the return series
arenegatively skewed and highly kurtotic i.e. all are not normally distributed. While
analysingtimeseriesdatawearelessconcernedwithnormalityandmoreconcernedwithautocorrel
ation.SomeoutlierisvisibleingraphofWiproLtd.returnandInfosysLtd.return.The return series
for these two companies were modified by replacing the outliers with theaverage value of
previous and next period return and the descriptive statistics for the
serieswascalculatedagain.Furtheranalysiswascarriedonthemodifiedseriesofreturnsof WiproLt
d. and Infosys Ltd. If we compare the return and standard deviation of the series, we
findthatInfosysLtd.hashighestreturnbutnotthehigheststandarddeviationwhereasWiproLtd.ha
s lowest return but not the lowest standard deviation, i.e. more risk more reward axiom
isnotfollowedbytheseseriesifweconsiderstandarddeviationasameasureofrisk. S& PBSEInform
ation Technology Index has lowest standard deviation confirming that risk may

beminimisedwithdiversification.

GARCH Model: Unlike Classical Linear Regression Model (CLRM),

GARCHModelsdon’tassumethevarianceoferrorstobeconstantovertime.(Brooks,2018)Before

applying
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ARCH/GARCH model, ARCH effect in residuals is tested, if ARCH effect is present
inresiduals,appropriateGARCHmodelisapplied.ForapplyingGARCHmodel,twoequationsare
tobe specified,the meanequation andthe variance equation, whereas inCLRM(Classical
Linear Regression Model) only mean equation is specified, as variance of

errortermsisassumedtobeconstant. VarianceequationforGARCH(1,1)modelis:

02= 0+ aiu? + fo2
t t—1 t—1
Where o2is known as conditional variance forperiod t, ai1u? istheinformationfor
t t—1

volatilityduringpreviousperiodandfo? isthepreviousperiodvariance.

GARCH in Mean: To study the risk-return relationship, GARCH-in-Mean model has
beenappliedinthepresentstudyandstandarddeviationhasbeenintroducedinthemeanequation.S
oforthepresentstudymeanequationhasbeenspecifiedas:

Returk=c+06ot-—1+us

Where dspecifies whether investors are rewarded for assuming more risk or not,
ifdispositiveandsignificant,itindicatesthatmoreriskcontributestohigheraveragereturn.

Empirical Results: Data for the present study has been analysed with the help of
eviews9software. After preliminary analysis of data through graphs and descriptive
statistics,all thereturn series were regressed on ¢ and the ARCH effect was studied in

residuals.
Nullhypothesisofthetestappliedis“ AR CHeffectisnotpresentintheresiduals”.Resultsofthetesta
representedinTable2.
Table3
ResultsofHeteroskedasticityTest: ARCH
Infosys | TCS | Wipro IT Infosys | TCS | Wipro IT

Ltd. Ltd. Ltd. Index Ltd. Index

F-statistic | 123.39 | 29.90 4.23 91.99 Prob. 0.000 0.000 0.040 0.000
F(1,989)

Onthebasisofprobabilityvalueoftheteststatistic(probabilityvalueofF-statisticslessthan(.05),
null hypothesis of “no ARCH effect present in residuals” may be rejected at 5%
levelofsignificanceand GARCHmodelmaybeappliedonthereturnseries. Asalreadydiscussed, G
ARCH-in-
MeanmodelhasbeenappliedtostudytheriskreturnrelationshipandtheresultsarepresentedinTabl
es 4 through?7.

Tabled4
Resultsof GARCH-in-MeanModelforTCSLtd.Return

DependentVariable:RETURN

Sample(adjusted):1/02/201912/30/2022

GARCH=C(3)+C(4)*RESID(-1)~2+C(5)*GARCH(-1)

Variable | Coefficient | Std.Error | z-Statistic Prob.

Page No: 15
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| MeanEquation
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Resultsof GARCH-in-MeanModelforITIndexReturn

@SQRT(GARCH) 0.12864 0.153526 0.837908 0.4021
C -0.13059 0.229555 -0.56888 0.5694
VarianceEquation
C 0.206165 0.05481 3.761429 0.0002
RESID(-1)~2 0.105387 0.020335 5.182614 0
GARCH(-1) 0.81494 0.037173 21.92309 0
Table5S
Resultsof GARCH-in-MeanModelforWiproLtd.Return

DependentVariable:RETURN

Sample(adjusted):1/02/201912/30/2022

GARCH=C(3)+C(4)*RESID(-1)"2+C(5)*GARCH(-1)

Variable | Coefficient | Std.Error z-Statistic Prob.

MeanEquation
@SQRT(GARCH) 0.239574 0.169449 1.413844 0.1574
C -0.37131 0.295401 -1.25696 0.2088
VarianceEquation

C 0.694165 0.104375 6.65069 0

RESID(-1)~2 0.166607 0.025602 6.507624 0

GARCH(-1) 0.64455 0.047029 13.70536 0
Table6

Resultsof GARCH-in-MeanModelforInfosysLtd.Return

DependentVariable:RETURN

Sample(adjusted):1/02/201912/30/2022

Includedobservations:992afteradjustments

GARCH=C(3)+C(4)*RESID(-1)"2+C(5)*GARCH(-1)

Variable | Coefficient | Std.Error z-Statistic Prob.

MeanEquation
@SQRT(GARCH) -0.01117 0.164064 -0.06807 0.9457
C 0.151515 0.260125 0.582471 0.5602
VarianceEquation

C 0.204106 0.047787 4.271126 0

RESID(-1)"2 0.083831 0.013936 6.015404 0

GARCH(-1) 0.846186 0.027508 30.76165 0
Table7

DependentVariable:RETURN

Sample(adjusted):1/02/201912/30/2022

GARCH=C(3)+C(4)*RESID(-1)"2+C(5)* GARCH(-1)

VOLUME 8 ISSBE 6,2023
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Variable | Coefficient | Std.Error | z-Statistic | Prob.
MeanEquation
@SQRT(GARCH) 0.117244 0.155929 0.751908 0.4521
C -0.05128 0.205205 -0.24989 0.8027
VarianceEquation
C 0.10802 0.026269 4.112018 0
RESID(-1)~2 0.075793 0.011688 6.484836 0
GARCH(-1) 0.871759 0.021235 41.05259 0

Intheabovefourtablesi.e.fromTable4toTable7,inthemeanequation, @SQRT(GARCH)is  an
indicator of reward for more risk assumed by the investor, C is the average return.
Invarianceequation,RESID(-1)*2istheinformationforpreviousperiodvolatilityandGARCH(-
1)ispreviousperiodvarianceestimatedfromthemodelappliedinthepresentstudy.lfweobserve
the coefficients of these, it can be said that coefficient of @SQRT(GARCH)
ispositiveforTCSLtd.return,Wipro Ltd.returnandITIndexreturnbutit isnotsignificantat5%
level of significance (Probability value greater than 0.05) for any of these returns.
ForInfosysLtd.returnitisnegativebutagainnotsignificantat5%]levelofsignificance(probability
value greater than 0.05). This indicates that there is no  “More
riskmorereward”relationshipinthereturnseries
analysedfortheperiodselectedforthepresentstudy. Coefficient of C in mean return indicates
the average return. If we observe
thiscoefficient,itisnotsignificantforanyofthereturnseriesanalysed,itindicatesthatreturnforall
the series is not significantly different from zero and it can be said that the stocks and
ITIndex studied behaved efficiently during the period of study. Coefficient of RESID(-1)72,
i.e.informationforvolatilityduringpreviousperiod,indicatesaboutthespikesintheseries  andin
the present study, it is significant (P value around 0) for all the return series
analysed.HighestspikesareobservedincaseofWiproLtd.followedbyTCSLtd.andInfosysLtd.an
dleast spikes are observed in case of IT Index. Coefficient of GARCH(-1) indicates about
thepersistence of volatility and in the present study, it is significant for all the return

seriesanalysed.Itishighestforl TIndex,followedbyInfosysLtd., TCSLtd.andWiproLtd.
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02FY23 NUMBERS AT A GLANCE

Revenue $6.87 S4.5 52.8 $3.08
billion billion billion billion
QoQ USD 1.20% 3% 2.30% 1.90%
Revenue Growth
Operating Margins 24% 21.50% 15.10% 18%
Total Contract Value 581 527 $725 $2.38
billion billion million billion
Net addition 9,840 10,032 605 8,359
Fresher addition 20,000 NA 4,000 10,339
Attrition rate (LTNI) 21.50% 27.10% 23% 23.80%
Conclusion:

Onthebasisofdataanalysed,itcanbeconcludedthatthoughthestocksand Indexanalysedin the
study behaved efficiently during the period of study, investors are not rewarded
forassumingextrarisk.Spikesintheseriesarealsoobservedandthevolatilityispersistent.Nopartic
ular pattern could be observed in the volatility of the return series analysed. The majorfour
information technology businesses in India, Tata Consultancy Services (TCS), Infosys, Wipro,and
HCLTech, all reported results that ranged from positive to mixed for the second quarter,
whichcametoacloseonSeptember30.Inspiteofconcernsoveranimminentrecession,inflation,difficulties

in obtaining US H-1B visas, a toughening climate in key markets such as north America,the United
Kingdom, and Europe, and delays in employing freshers, the information
technologyindustryshownresilienceduringthisquarterasdemandremainedconstant.Onlyafewlocalizeda
reashave been seeing a slowdown, according to the commentary provided by corporate management,
butoverall, demand is still quite high. Executives from the corporation, on the other hand, have

advisedcautionandstressedthattheyarecontinuingtomonitorthesituationclosely.
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