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Arbitrage Trading Based on Cointegration

Abstract

Does arbitrage trading based on a cointegrating relatiotkwd he dficient market
hypothesis insists that there exists no successful tradimgrder to avoid problems
with data snooping, we choose 5 industrial average indindsaamarket index to make
a cointegration analysis between 6 variables. Many coiatety relations are found
in 3 countries; Japan, the UK, and the USA. Using the factssinailate arbitrage
trading between a market index and an industrial averagefolio for each country.
The calculation of this simulation shows that the arbitregsuccessful. The average
returns on the trading are monthly 0.3% to 0.5%.

1 Introduction

The dficient market hypothesis insists that there exists no ssfidesading strategy. For

these decades there has been considerable literaturetto imgnifest statistical character-
istics of stock prices. Various studies about anomalie®atstanding. Another is contrar-
iarymomentum strategies, by which trade using past stock pnad®s a positive return on
average. This paper shows that an investment strategysthaite diferent from the contrar-

iarymomentum brings in a corresponding return.

An investment strategy in this paper is arbitrage tradingeldaon a cointegrating relation.
Arbitrage is the trade in which we take advantage of temyataviation between two prices.
When we find the deviation, the relatively cheap is boughtthadelatively expensive is sold.
The arbitrage supposes that the deviation is temporarytretdittwill be corrected sooner or
later. It is no wonder that we achieve a gain if the deviatietsgmaller after the trading. We
can make a profit by ending the arbitrage when the deviatiarskias by convergence of the
two prices.

The cointegration is a characteristic of time-series datconometrics. This is embodied
in our discussion as follows. The value of a portfolio at tity\;, which consists of stocks,

is denoted as .

W= )" aPi.

i=1

A position of theith stock is reflected into the value af P;; is the stock price of at time
t. After the positions are formedly; varies due to a change ;. Even if W, deviates from
its initial value,W; might be returned to it for a short period. When this reversometimes



arises during a period)V; can satisfy stationarity. It is highly probable that stocices
follow a unit root process rather than a stationary one. &dase of a unit root process,
the deviation from its initial value continues for a long &mand the reversion to it rarely
happens. However, if some prices which follow a unit rootcess are cointegrated, their
linear combination\V, is stationary. A long or short positiom, is calculated from an
estimate of a cointegrating vector.

If we find stocks of which a cointegrated system consists,avedo arbitrage trading with
it. For simple explanation, we assume thétis constructed from two price®y; and Py,
whereW, = Py: — Pwt, and that the initial value o\, is zero. Since stationarity makes
negativeW; up to or positiveW; down to zero for a short periofy; will revert to its initial
value. Under movement of these prices, we can make a profiupyd Py and selling
Pw: whenW; is negative. On the other hand, selliBg; and buyingPyw; profits whenW, is
positive. Negativé\; means thaPy; is cheap relative t®y;, andPy; is expensive relative
to Pv:. The cheap is bought and the expensive is sold. This tradiraghitrage, which
supposes that these prices are convergent in the futuregihrie reversion of\;. If we
construct a portfolio using a cointegrated system, thigssizal characteristic describes that
two prices are convergent with high probability, and thelitng can be regarded as arbitrage
expecting a profit through two prices’ movement. We call thasling as arbitrage based on
cointegration.

In this paper we investigate whether arbitrage trading db@secointegration is feasible.
Returns are computed when we simulate executing the agbitrbn order to avoid a data-
snooping problem with selection of individual stocks, weae 5 industrial average indices
and a market index and analyze cointegration of 6 variabléghese 6 variables are assumed
to be ingredients of the arbitrage. We use 3 countries’ stagiket data; Japan, the UK, and
the USA. Arbitrage trading in each country is studied in ghaper. In these 3 countries, many
cointegrating relations are found. Using the facts, we #&teuarbitrage trading between
industrial average indices and a market index. The resuhisfsimulation shows that the
arbitrage is successful. The monthly average returns otradeng are 0.3% to 0.5%. These
3 countries produce similar results.

There are many studies about the investment strategy tlanisariagmomentum us-
ing the USA equity data. A stock which has good performance vwinner, and a low
return stock is a loser. Contrarian which sells winners amgsdosers at the same time
can make a profit on average: DeBondt-Thaler(1985), Lo-Malelf(1990), and Jegadeesh-
Titman(1995). On the contrary, the strategy which selleiesand buys winners is mo-

*1 We use the average of stock prices that belong to the same industinjs paper it is denoted as an industrial
average index.



mentum. A lot of papers find that arbitrage based on the mamendrings a positive
return: Jegadeesh-Titman(1993), Fama-French(1996)kdhotz-Grinblatt(1999), Grundy-
Martin(2001), Jegadeesh-Titman(2001), Chen-Hong(2G0®) Lewellen(2002).

Broadly speaking, above articles show that a monthly retarthe strategy is 0.5% on its
mean and 2% on its standard deviation. We should take carevotdcalculate the return.
Since the net position of an arbitrage portfolio is zerositifficult to define its return as
the ratio of the amount of profits to the net position. Almdstagticles calculate a return
from the money a portfolio yields per a unit of its long pasiti In other words, divide the
money an arbitrage portfolio earns with the amount of itsilgiposition, and adjust it with
the length of a period. This paper employs this method whégulzing a return on our
arbitrage trading.

This paper tests whether the arbitrage trading anticipate®fit. Section 2 shows how
to deal with the arbitrage which concretely uses a cointegyaelation. Section 3 explains
data when running simulation and summarizes results oftegiation analyses. Section
4 simulates arbitrage trading for every combination whiahhave found cointegrated. In
Section 5, robustness is tested for results of Section 4.afBrm how results change when
some assumptions of the simulation are altered. Sectiomé@wdes this paper.

2 Arbitrage Trading Based on a Cointegrating Relation

This section explains arbitrage trading based on a coiategy relation. Although the ar-
bitrage can be executed in various ways, we describe héezinhe method by which our
simulation implements the arbitrage.

In order to avoid problems with snooping data, we use a mamkieix and industrial aver-
age indices instead of individual stock prices. These dapsracts for diference, CFD, on
many kinds of prices are becoming available around the wdtld not impossible to trade
market and industrial average indices through CFD. Thegaef using the indices in this
paper is to skirt how to choose properly among many stoclsgdins more practical to apply
the method to individual stock investment.

This paper focuses on the case where we combine 5 industhes. stock price average
indices and a market index constitute 6 variables on whichtegration is tested. If they
are cointegrated, their linear combination has statibparit means that when the linear
combination of the 5 industrial averages is larger than tleket index, then they can be
inverted shortly afterwards. They can be reversed one #feeiother for a short period.
Arbitrage can be executed with this characteristic.

It is a cointegrating vector which shows us how to construth@ar combination of 5



industrial average and market indices. Since a cointegyatctor is not unique, a cirient
on a market index is normalized to 1 in this pag@y,; is a stock market index at tinteand
Pw: Is a linear combination of 5 industrial average indices.nfFeosample of monthly data
on December 1970 through December 1999, an example wheredkists a cointegrating
relation is the combination of TOPIX and Japanese 5 indestri Chemicals, ForesiRaper,
Industrial Engineering, Leisure Goods, and Media. An estéd cointegrating vector for
these industries shows that = Py — Py IS stationary wherPy, is defined as

Pwi = 2517% Py + 1.037x Po; — 0.492x Py + 0.538x Py + 0.198x Ps,,

where P;; denotes an industrial average index foe= 1,---,5. Py is Chemicals,Py;
ForestryPaperPs; Industrial Engineering?,; Leisure Goods, anBs; Media.

If we take long or short positions for these 5 industrial agerindicesPy; represents the
value of this industry portfolio. Substituting data on Dedeer 1999 intd?; (i = 1,---,5)
of the above equatior; is 1467.89. Since this is smaller than TOPIX of 1722.20, we se
an industry portfolio long and TOPIX short.

We assume that an overall market and industrial averagelaarght or sold for prices
that are equal to values of their indices. When we purchasenttustry portfolio for 1
million dollars, the portfolio is purchased with 681.2 wtit 1mil./146789). To construct
this portfolio, Chemicals are bought with 1714.6 uni#€$812 x 2.517), ForestrjPaper with
706.4 units€ 6812 x 1.037), Leisure Goods with 366.5 unis(6812 x 0.538), Media
with 134.9 units€ 6812 x 0.198), and Industrial Engineering is sold with 335.2 units(
6812 x 0.492). Since the industry portfolio is bought with 1 milliowlthrs in the value
of index 1467.89, TOPIX is sold with 681.2 units, which ambtm 1,173,249 dollars{
Imil. x 172220/1467.89).

Arbitrage begins by selling and buying the amounts caledlabove. TOPIX and the
value of the industry portfolio vary due to changes in priselssequently, as shown in Table
1. OnJanuary and February 2000, TOPIX is still larger thanridustry portfolio. Since they
get opposite on March 2000, these prices converge and titeagebtrading is over. Table 2
shows a profit of the trading, which comes from clearing thesstions. Negative numbers
of the column of “TOPIX” represent TOPIX short, and positmees of “I.P.” mean buying
the industry portfolio. What the trading has brought absutalculated in “Profit” on the
table. Since TOPIX declines a little and the value of the stduportfolio rises during the
period, we can gain profits from both the positions. The ngtdt column “Asset” is the sum
of investor’s net worth and the profit. The investor is asstiteehave his or her own money
of 1 million dollars at an initial date. Hisler net worth has increased to 1,173,336 dollars in
three months. The average return ontnes initial net worth is 5.47% per month.



Table. 1 Series of Indices

t Pwmyt Pwt Pt Pa Ps; Pay Ps;
199912 1722.20 1467.89 301.28 268.39 225.71 566.46 1197.46
200001 1707.96 1627.35 352,94 308.30 239.76 524.14 1286.66
200002 1718.94 1649.02 346.61 253.08 224.83 579.14 1578.76
200003 1705.94 1706.07 366.00 322.61 233.42 548.30 1361.70

Pmt is TOPIX, andP;; (i = 1,---,5) are industrial average indices;; is Chemicals,Pyt
ForestryPaperP3; Industrial EngineeringP ¢ Leisure Goods, anls; Media. Substituting data
intoPit (i = 1,---,5), Pwt is the value of this industry portfolio.

Table. 2 Profits on the Arbitrage Trading

TOPIX I.P. Profit Asset
199912 -11732.5 10000.0 10000.0
200001 -116355 11086.3 1183.3 11183.3
200002 -11710.3 112339 1256.2 11256.2
200003 -11621.7 11622.6 1733.4 117334

Table 2 shows this arbitrage trading. Negative numbers ofPIPO represent dollar values of
the TOPIX short position, and positive ones of “I.P.” mean dollalues of buying the industry
portfolio. What trading has brought about is calculatedRndfit.” The sum of investor’s net worth
and the profit is “Asset” on the table.

If TOPIX is smaller than the value of the industry portfoliben the arbitrage is composed
of buying TOPIX and selling the industry portfolio. Since assume that the net worth is
used into a purchase side, TOPIX is bought with investor'seyo Furthermore we assume
that proceeds from selling short are left cash until theteae positions are cleared.

The arbitrage trading we described above was able to teteitsgoositions 3 months later
because prices converged as we had expected. If prices dmmrge after the arbitrage
started, what shall we do? When we simulate trading in thepave assume that an in-
vestor holds the positions for fixed months and that he or kises the position to realize a
profit/loss just after the months have passed.

3 Data and Cointegration Analyses

In order to simulate arbitrage trading between a market«drashel an industry portfolio, we
obtain data on stock markets of three countries; Japan, Kheabld the USA. The market
index, which investors turn their attention to, should fieverall movement of a market.
As for the market indices, we employ TOPIX in Japan, FTSE AHARE index in the UK,
and S&P500 in the USA. On the other side, data of industriataye indices for the three
countries are available iDatastream by THOMSON FINANCIAL. Datastream provides us



with industrial average indices that are denominated as a@&try price index. They are
recalculated by THOMSON FINANCIAL from January 1973. Indlgaper samples begin
with December 1979. The numbers of industries on Decemb&d a8 30 for Japan, 32 for
the UK, and 38 for the USA. We depend on these industries wimeunlating the arbitrage

trading.

In a software package the maximum number of variables is BarEngle-Granger test of
a cointegration analysis. We examine a cointegratingiogldtetween 6 variables; an overall
stock market index and 5 industrial average indices. Thpep#oks through 19 samples
which consist of monthly data on the indices. These sampmgmtwith December 1979 in
common and end every six months from December 1999 to Deae20B8. In other words,
there are 19 samples that are made up of the indices at thef endnths from December
1979 to December 1999, from December 1979 to June 2000and from December 1979
to December 2008. As for these 19 samples, we investigaténgegoation analysis of 6
variables where we choose 5 from 30 industries for Japargrd 82 industries for the UK,
and 5 from 38 industries for the USA.

The indices that are to be cointegrated must be a unit roaeg Although results are
omitted, there are a few industrial averages that are nardegl as a unit root process. We
test all the indices through ADF in three casesofconstant, constant and no trend, and
constant and trend. The indices that the three tests prove to have a unit rocadopted in
our cointegration analysis. The numbers of the industrialages with a unit root for the
samples are summarised in “Ind” of Table 3. Market indice3agfan, the UK, and the USA
pass the tests.

Over a sample, for example, there are 36 industrial averagjedas that have a unit root.
Combinations of 5 out of 36 industries are more than 370 thods. We confirm if they are
cointegrated for every combination. For each country angpsa, “Coint” of Table 3 shows
the number of combinations that have a cointegrating matiA method depends on the
Engle-Granger test in the caseaohstant and no trend.

From the total of the 19 samples, more than 100 thousand catidans are found to be
cointegrating in each country. These numbers are enoughtdate arbitrage trading based
on cointegration. The UK has the least 150 thousand combirsggtand the USA has more
than 540 thousands. Japan has 220 thousands. Overlookiriteamples, cointegrating
relations increase or decrease with each sample periodaplan] samples of the first half
periods find more cointegrating combinations than therattes. By contraries, the UK has
much more in the latter half periods. But two samples afterltBhman shock have less
combinations in the UK. The USA also has more cointegratidhe latter half, which is less
obvious than the UK.



Table. 3 The Number of Industries and Combinations That HaReintegrating Relation

country Japan United Kingdom United States
sample Ind. Coint Ind. Coint Ind. Coint
199912 30 17010 23 779 34 13916
200006 28 18693 22 1421 30 9805
200012 28 19577 23 2264 30 17541
200706 28 18415 24 3599 33 30084
200112 28 15930 23 2697 32 25861
200206 28 12787 25 3321 34 35521
200212 29 15174 27 7598 33 27863
200306 29 14553 27 7586 30 17217
200312 29 10863 23 4156 32 28647
200406 28 7785 24 5708 34 38773
200412 30 12525 28 13494 33 29584
200506 30 11605 28 14562 33 30531
200512 28 7198 28 13377 34 29396
200606 29 8856 28 14237 35 37873
200612 29 8408 28 12704 35 32490
200706 29 8380 30 20476 36 40790
200712 28 6187 28 15215 36 41082
200806 28 6162 24 6273 34 30129
2008912 25 2935 26 9319 31 24589
Total 223043 158786 541692

This table summarizes the number of industries of which theageeindex follows a unit root
process, and the number of combinations in which a cointegragist concludes that there exists
one cointegrating relation. All the indices are tested tgtoADF in three cases afo constant,
constant and no trend, andconstant and trend. The indices that the three tests prove to have a
unit root are adopted in our cointegration analysis. The nushbkthe industrial averages with

a unit root for the samples are summarised in “Ind” of Table 3. if€ashows the number of
combinations that have a cointegrating relation. A methegetids on the Engle-Granger test in
the case otonstant and no trend. “199912” means that estimation is obtained from the sample
period on December 1979 through December 1999. For each samiil “200812” the unit root
test and the cointegration analysis are executed.

4 Simulation of Arbitrage Trading

We have simulated arbitrage trading using the combinadmsdustries whose indices are
cointegrated. Simulation results are summarized on Tabl@ahstructing a portfolio with
weights derived from an estimate of a cointegrating veetercalculate the profibss of the
arbitrage trading which uses the portfolio for at most 6 rhentf the value of the portfolio
and a market index are reversed during the 6 months, theagbits terminated at that time
and its return is calculated from the value of the positidiatle 4 aggregates the returns for
countries and periods.



Table. 4 Arbitrage Returns

monthly return %
Country  Period Num. Mean S.D. t Plus Grp.0 Grp.1

JP ALL 223043 0.00374 0.0214 82.5 50.5 77.4 22.6
[1] 143002 0.00519 0.0227 86.6 51.9 76.6 23.4

[2] 80041 0.00113 0.0186 17.2 47.9 78.8 21.2

UK ALL 158786 0.00497 0.0180 109.8 58.8 62.4 37.6
[1] 33421 0.00619 0.0179 63.1 58.0 68.7 31.3

[2] 125365 0.00465 0.0181 91.1 59.0 60.7 39.3

USA ALL 541692 0.00484 0.0219 162.8 55.1 65.2 34.8
[1] 206455 0.00522 0.0232 102.1 55.7 67.7 32.3

[2] 335237 0.00461 0.0210 126.9 54.7 63.6 36.4

This table shows the means and standard deviations of amip@agfolio returns when using all
cointegrating vectors. Monthly returns are decimal. ALL BEtiod” means that all 19 samples are
aggregated. [1] includes 9 samples which end on 9200006, - - -, or 200312. [2] includes
other 10 samples which end on 2008, 200312, - -, or 200812. “Num.” is the number of com-
binations on which a cointegrated relation exists. “Mean’ades the mean for the combinations,
“S.D.” the standard deviation, and’‘the t-value to test a zero mean. “Plus” is the percentage of
positive returns over the sample. “Grp.0” is the percentag@eés where the arbitrage is not over
during the maximum investment period that is 6 months. “Giip.ttfe percentage of cases where
the arbitrage is terminated because the values of a stock tiadex and an industrial portfolio
have been interchanged.

In Japan there are 223,043 combinations cointegrating. nVéiraulating the arbitrage
trading for all the combinations, the mean of monthly resui$0.374%, and its standard
deviation is 2.14%. These are made up of the 19 samples amdedieas ALL of “Period.”
[1] and [2] of “Period” are results when the 19 samples aredeit into the first and the
second half. [1] is the first half, consisting of 9 samples hck each period ends on every
6 months from December 1999 to December 2003. The secondsHalf, which gathers
10 samples from June 2004 to December 2008. Period [1] imJags good performance;
its mean return is 0.519% and its standard deviation is 2.ZVB& mean and the standard
deviation decreases t0 0.113% and 1.86% in period [2]. Metmns are all significant from
0 in terms oft-values.

Table 4 also shows how many times the arbitrage trading hasisiye return and how
it has terminated. Simulation assumes that the maximum cddinig period is 6 months.
Group 1 is the trades where trading ends less than 6 monthsheitreversal of the industrial
portfolio value and the market index in between. In Groupedtithding continues its positions
for 6 months without the reversal and is forced to finish thest after the maximum period.
The trading of the Group 1 gets a strictly positive returr, the return for Group 0 can be
positive or negative. If the efierence between the industrial portfolio value and the marke



index has diminished since the beginning of the tradingydisawith a positive return. “Plus”
of Table 4 is the proportion of the positive return. “Grp.1ide'Grp.0” are the percentage of
Group 1 and Group 0. In the case of Japan over all periodsph#ie trading, 50.5%, make
a profit, 22.6% get the reverse in less than 6 months. As wehasaverage returns, these
proportions decrease in the latter half periods.

The UK and the USA have better outcomes than Japan over atldger The UK has
0.497% on a return average and 1.8% on its standard devidtieUSA has 0.484% on an
average and 2.19% on its standard deviation. The propsrtibpositive returns are 58.8% in
the UK and 55.1% in the USA. The percentages of Group 1 aré@ih@he UK and 34.8%
in the USA. Though their returns decrease in the latter hatiopls like Japanese ones, it is
not so much decline as Japan. The proportion of positivenstdoes not change for each
period.

5 Robustness Tests

In order to test whether the results of Section 4 are robuesgxamine how they will be varied
when changing setups for simulating arbitrage trading.htnfollowing, we investigate the
effect of maximum investment periods, termination conditj@mal initial dtferences.

5.1 Maximum Investment Period

In Section 4, the arbitrage trading will be terminated wheao prices are convergent. Yet, in
the case where they do not converge, the arbitrage tradmtgees for several months, which
we call a maximum investment period. We have tried four maximnvestment periods; 3
months, 6 months, 9 months, and 12 months. Results are showalde 5. The longer a
maximum investment period is, the average returns on theagb trading tend to be higher.
It takes the highest average return at 12 months in the UKlaad@SA, and at 9 months in
Japan.

The most interesting in changing the maximum investmeribgdas that the increase in
an average return does not always raise its standard aeviath the longer period, the
standard deviations decrease slightly. Moreover, the aghah price convergence improves
with a longer investment period. It can be seen from Tableab tte proportion of Group
1 increases for the three countries. However, we should laeeathat it is dificult to know
ex ante whether this investment strategy results in suftdessnot. It is just shown that the
possibility of converging slightly increases with a longarestment period.

The success of this investment strategy depends on whethifegence between a stock
market index and an industry portfolio value expands or antl we cannot know it in ad-

9



Table.5 The Hect of Maximum Investment Periods on Arbitrage Returns

monthly return %
Length Mean S.D. t Plus Grp.0 Grp.l
country: Japan
3 0.00371 0.0234 74.9 53.5 85.3 14.7
6 0.00374 0.0214 82.5 50.5 77.4 22.6
9 0.00491 0.0202 114.6 53.9 72.9 27.1
12 0.00487 0.0201 1145 51.4 69.4 30.6

country: United Kingdom

3 0.00357  0.0200 71.2 54.9 74.3 25.7
6 0.00497 0.0180 109.8 58.8 62.4 37.6
9 0.00654 0.0168 155.0 64.6 53.9 46.1
12 0.00669 0.0168 158.6 66.1 48.0 52.0

country: United States

3 0.00337 0.0241 103.1 52.6 75.3 24.7
6 0.00484 0.0219 162.8 55.1 65.2 34.8
9 0.00600 0.0205 215.1 56.6 59.4 40.6
12 0.00651 0.0201 238.4 58.2 54.8 45.2

This table shows the means and standard deviations of adbip@tfolio returns when a maximum
investment period is changed. Unless prices are convergeatbitrage portfolio are obliged to
close its positions just after the period has passed. “Lengthiesitaximum investment period
which is 3, 6, 9, or 12 months. Monthly returns are decimal. 8Medenotes the mean for ALL,
“S.D.” the standard deviation, and’“the t-value to test a zero mean. “Plus” is the percentage
of positive returns. “Grp.0” is the percentage of cases whezeathitrage is not over during a
maximum investment period. “Grp.1"is the percentage of cadexre the arbitrage is terminated
because the values of a stock market index and an industriéblmtave been interchanged.

vance. Observing “Plus” of Table 5, the number of posititemes is larger than the one of
negative returns. The longer the maximum investment peti@combinations where arbi-
trage ends with a positive return tend to increase. This idmmaed at 12 months in the UK
and the USA, and at 9 months in Japan.

5.2 Termination Conditions

As mentioned before, the arbitrage trading will be terngdatvhen prices have converged
or when the maximum investment period has passed. Here wa adddition of trading
termination. The condition is that affBrence between a stock market index and an industry
portfolio value fluctuates beyond a margin from an initistleddor example, if the elierence

is 25% at the start and if the margin is 10%, the trading wilidveninated when the flerence
decreases below 15% or increases above 35%. In the case oha&jin, the trading is over
when the diference decreases below 10% or increases above 40%. Talie$ Simulation
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Table. 6 The Hect of Termination Conditions on Arbitrage Returns

monthly return %
Close Mean S.D. t Plus Grp.0 Grp.l1 Grp.2
country: Japan
NO 0.00374 0.0214 82.5 50.5 77.4 22.6 0.0
15%  0.00327 0.0246 62.7 50.1 70.7 21.8 7.5
10%  0.00299 0.0280 50.3 49.6 59.9 20.4 19.7

country: United Kingdom

NO 0.00497 0.0180 109.8 58.8 62.4 37.6 0.0
15%  0.00474 0.0189 99.9 58.7 58.5 37.5 4.0
10%  0.00425 0.0204 83.1 58.4 50.4 37.0 12.6

country: United States

NO 0.00484 0.0219 162.8 55.1 65.2 34.8 0.0
15%  0.00443 0.0249 130.9 55.0 59.3 34.7 6.0
10%  0.00443 0.0286 113.9 55.0 50.1 34.3 15.6

This table shows arbitrage portfolio returns when a ternonatondition is set. Unless prices are
convergent, or when the maximum investment period has passadhizrage portfolio are obliged
to close its positions just after affirence of the prices varies beyond a margin, compared with it
initial value. The margin is 10% or 15%. For example, if thffatence is 25% at the start, and if
the margin is 10% of “Close”, the trading will be terminatedemtthe dfference decreases below
15% or increases above 35%. The group of the trading thatretes by the condition is denoted
as Group 2. “Grp.2” of Table 6 is the proportion of Group 2. NfO‘aose” denotes the results
when the terminal condition is not added, which are repdifitem Table 4. Monthly returns are
decimal. “Mean” denotes the mean for ALL, “S.D.” the standdediation, and t” the t-value to
test a zero mean. “Plus” is the percentage of positive returngn.0Gis the percentage of cases
where the arbitrage is not over during a maximum investmenb@e“Grp.1"is the percentage of
cases where the arbitrage is terminated because the valustookanarket index and an industrial
portfolio have been interchanged.

results when this termination condition is set. NO of “Closelicates that the termination
condition is not set, and these are the same as Tables 4.

The termination condition reduces the number of the trathag continues for the max-
imum periods. The proportions of Group 1 as well as Group Oedese in the case of the
15% margin and decrease more in the case of the 10% margirgrébp of the trading that
terminates by the condition is denoted as Group 2. “Grp.ZTaifle 6 is the proportion of
Group 2.

When adding the termination condition, returns on the eabé trading decline for all
cases. Remarkable is that standard deviations increase aw@rage returns decline. This
condition shortens an investment period. As shown in Tap#hértening investment period
brings about higher risk and a lower return. These resutigest that performance of trading
goes worse if we add to an inappropriate condition. Mearaylulearing positions due to
price convergence or a maximum investment period fscent for simulating the arbitrage.
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Table. 7 The Hect of Initial Differences on Arbitrage Returns

monthly return %
Quart. Mean S.D. t Plus
country: Japan
Q1 0.00865 0.0208 98.3 63.2
Q2 0.00397 0.0223 42.0 47.3
Q3 0.00217 0.0234 21.9 44.5
Q4 0.00016 0.0179 2.2 47.0

country: United Kingdom

Q1 0.00827 0.0170 96.9 72.0
Q2 0.00641 0.0184 69.6 58.2
Q3 0.00344 0.0184 37.2 51.9
Q4 0.00177 0.0176 20.0 53.0

country: United States

Q1 0.00845 0.0190 163.7 68.0
Q2 0.00621 0.0206 110.7 55.1
Q3 0.00310 0.0211 53.9 49.6
Q4 0.00160 0.0256 23.0 47.7

This table shows arbitrage portfolio returns when initigfetiences of prices are divided into four
groups. Q1 of “Quart.” of Table 7 is the first quartile which gtte smallest dferences. Q4 of
“Quart.” is the fourth quartile which has the largest. Mogttéturns are decimal. “Mean” denotes
the mean for a group, “S.D.” the standard deviation, ahde t-value to test a zero mean. “Plus”
is the percentage of positive returns.

5.3 Initial Differences

In this paper, arbitrage trading is started regardless ohiéial difference between a stock
market index and an industry portfolio value. However, ttiference at a starting date
is various from under 1% to several hundreds percent. Aaogrtb Gatev-Goetzmann-
Rouwenhorst(2006), a largeftiirence at the start has brought a good outcome. So, by arbi-
trage trading in this paper, similar relations might be ibetween the initial dierence and
an arbitrage return. We investigate this on Table 7.

Table 7 assorts arbitrage trading into four groups by theairdifference. Q1 of “Quart.”
represents the first quartile which has the smallggtidince, and Q4 of the column denotes
the fourth which has the largest. If the above descriptiorevire the right, average returns
should become larger from Q1 to Q4. Yet, we cannot find thisieany at all. Results
on Table 7 are quite opposite to Gatev-Goetzmann-Rouwst(B606). The smaller initial
differences make the average returns higher.

Table 8 looks into the average return in the case of extrenad! gmtial differences. “Ini-
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Table. 8 Arbitrage Returns in the case of small initigfetiences

monthly return %
Initial Num. Mean S.D. t Plus
country: Japan
0.01 12892 0.00991 0.0190 59.1 73.7
0.02 25418 0.00986 0.0198 79.6 70.3
0.03 37872 0.00950 0.0203 91.0 67.1

country: United Kingdom

0.01 21471 0.00856 0.0165 75.9 76.1
0.02 41288 0.00827 0.0171 98.5 71.7
0.03 59866 0.00784 0.0175 109.8 68.0

country: United States

0.01 70249 0.00853 0.0184 122.7 71.6
0.02 137468 0.00843 0.0190 164.4 67.8
0.03 199855 0.00803 0.0195 184.0 64.6

This table looks into average returns in the case of smalbiniiiferences. “Initial” of the table

denotes the initial dierence; for example, 0.02 is below 2 percent. Monthly retare decimal.

“Num.” is the number of the trading for a group. “Mean” dereotts mean, “S.D.” the standard
deviation, andt” the t-value to test a zero mean. “Plus” is the percentage ofipeseturns.

tial” on the table denotes the initialféerence whose value is below 1 percent, below 2 per-
cent, and below 3 percent respectively. Table 8 shows thébauof the trading, the mean
and the standard deviation of returns, and the percentagesitive returns for each case.
The three countries have the same features: The smallethgeitsitial difference, the more
positive is the trading return. Reflecting the fact, the agerreturn increases and the standard
deviation decreases. The arbitrage trading whose initfedreénce is below 1 percent ends
with a positive return in 70%. In other words, these tradekenagprofit with 70% probability.

6 Conclusion

In this paper we investigate whether arbitrage trading dasecointegration is feasible. If
some prices which follow a unit root process have a cointegyaelation, their linear com-
bination is stationary. A stationary process might be regdrto its initial value for a short
period. This characteristic can make an arbitrage betweessgpwhich composes cointe
gration. In order to avoid a data-snooping problem with &@de of individual stocks, we
choose 5 industrial average indices and a market index aagizzncointegration of 6 vari-
ables. We use 3 countries’ stock market data; Japan, the ikihee USA. Arbitrage trading
in each country is studied. These 3 countries produce sinegailts. In these countries, many
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cointegrating relations are found. Using the facts, we faeuarbitrage trading between a
market index and industrial averages. Returns are caétulahen we simulate executing
the arbitrage. The calculation of the simulation shows thatarbitrage is successful. The
monthly average returns on the trading are 0.3% to 0.5%.

In terms of the average return the arbitrage trading basemioegration can stand com-
parison with the contrarigmomentum strategy studied in the USA. Their standard dewisit
also seem alike. There might be criticism that the returrotscorresponding to the risk in
spite of troublesome procedure. Simulation brings resiiétshalf of trades make a loss. This
paper shows that the performance improves when the arbitraging is limited to its small
initial difference.
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