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Abstract: An American Depositary Receipt (ADR) represents exship in the shares of a

foreign company trading in US financial markets. Y¥st a pair trading rule based on the
mean reversion assumption for six South Americankst and their ADR counterparts on the
NYSE. In our opinion, such a strategy should sepate spread risk from the currency risk.

This paper aims to challenge the positive resutisnd in similar settings. The main
achievement is to show that isolating FX exposures such strategies that were presented as
profitable to unprofitable and abnormal returns jait due to an appreciation in the home
currencies versus the USD. Hence the results iressitfiterature should be revised.
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1 Introduction

Risk management is still a non-friendly area fomgnananagers in the financial industry; for
instance difficulties accrued for managing longfstemuities associated with hedge funds.
This includes estimating and hedging the risks ploatfolios are exposed to. Many funds went
out of business by choosing the strategies wheeerigk exposures were neglected or
calculated incorrectly.

Strategies such as L/S are rooted in the pairrigadihich was developed in the late 1980s by
guantitative analysts and pioneered by Gerald Bagelbeat Morgan Stanley. The strategy
focuses on the highly correlated financial instram@he goal is to make a profit from the
price reverting back to the mean trend as the dpretween the two converges. According to
Lo and MacKinlay (1990), A portfolio strategy that sells ‘winners' and buigsers' can
produce positive expected returns if returns onesstocks systematically lead or lag those of
others?”

Pair trading known as “statistical arbitrage” isdgecently by hedge funds and investment
banks. The strategy is based on the classic hedgithique which is an old method in

portfolio management. Despite the simplicity o# toncept behind the strategy, in practice
this can be among the complex types of trading. iRstance Gatev, Goetzmann and
Rouwenhorst (1999) represent the annualized exegasis of 11% for using such a strategy.
Taking the transaction costs into account, thdyfstd the pair trading strategy to generate
significant excess returns.



The strategy is mentioned in some papers as maektal investing. Lin, McCrae and Gulati,
(2006) and Nath (2003) refer to the pair tradingrakless”. They conclude that the riskless
temperament of the pair trading strategy originditesh simultaneous long/short opening of
market positions.

Looking back to August 2007 and in contrary to amhabove, we observe significant losses
in hedge funds within few days:The losses were the short-term side effect of a@esud
liquidation by a multi-strategy fund or proprietatsading deskIn fact, most of the hardest-
hit funds were employing long/short equity markattral strategies sometimes called
statistical arbitrage; strategies that, by constiioa, did not have significant beta exposure,
and which were supposed to be immune to most mgykations Khandani and Lo (2008).

Evidence shows that there are mixed opinions ateuprofitability of the statistical arbitrage
trading strategies and perspective of differenesypf risks and their involvements in such
scenarios. In our paper we examine a simple tradifegin pairs trading in ADRs of South
American shares. An American Depositary ReceiptRA\Bepresents ownership in the shares
of a foreign company trading in US financial maskéihe stocks of many non-US companies
trade on US exchange through the use of ADRs. A@fble US investors to buy shares in
foreign companies without undertaking cross-bottd@nsactions. ADRs carry prices in US
dollars, pay dividends in US dollars, and can bded like the shares of US-based companies.

We pursue a trading rule based on the notion ohmezersion of the ratio of an ADR and its
corresponding underlying. The main contributionttué paper is the first check whether the
abnormal returns described in similar settings lmarsustained if we isolate the FX exposure.
In our opinion, a pair trading strategy must sefeatiae two legs of risk exposure, the spread
risk and the currency risk. Despite their ad-ho¢hme of a relatively long holding period of
12 months, Hong and Susmel neglect the FX risk iamdight well be that the abnormal
returns are just due to an appreciation in the hoameencies versus the USD. Although our
strategy is similar to their pair trading strategyg have come up with a more clean definition
of when we enter and close a position and contaiong and Susmel (2003), we do not use
the difference between the USD price of a shareitanmbrresponding ADR as the variable to
observe but their ratio to correct for size effettse main finding of this paper is that once the
FX exposure is isolated out of the trading rulet pading in South American stocks with the
corresponding ADRs is no longer profitable.

2 Thedata set

All data was obtained from DataStream. We usedydidta from January 02, 2003 to April
22, 2009 for the following six South American ste@nd their corresponding ADRs listed on
the NYSE: Petrobras (BR), Ultrapar (BR), Metroga®), Vitro (MX), TSPA (AR) and
Enersis (CL). We then multiplied the stock prices every day with the corresponding
exchange rate to get the USD price of the stocknTtve calculated the ratio of the USD price
of the stock and the price of the ADR to get oummmariable for the analysis. This variable is
all we are looking at. The next section descrilbesprocess of trade generation based on this
variable in detail.



3 The modd

In all trades we will simultaneously go long in thederlying, i.e. the stocks listed on the
home stock exchange in South America, and we gd shathe ADR which is listed in New
York. This limits the potential trades, howeverrd might be short sale restrictions in South
America and we decided to make all trades as wdplicas possible and ignored trading
signals that would result in a short position ie driginal stock.

_ (Pstock) #USD .
We calculated the rati6R, = Tp o), © Tuniof foreignoumrency for dayt wherep, is the

price. of the stock denominated in its home currerayd p,.. is the price
of the ADR denominated in USD on the NYSE. Thaioras calculated for all trading
days and is the source from which trading signaks generated. For each data point
of the ratio we calculate the 20-day simple movimgerage and the 20-day standard
deviation. A trading signal is generated when thtoR falls below the 20-day moving

average of the previous day minus three standardiattens as calculated
from the previous day: lefy, be the 20-day simple moving average amdhe 20-day

standard deviation. On the next day we obseRyg, and the trading signal is generated if
R < u -3lg,. Then, in the closing auction, for each 1 ADR tha sell, we buy

the following number of shares on the home exchangige same time:

(pADR)t

#JSD
( pStock)t Qunit of foreigncurrency

In doing so, we utilize the total proceeds from short sale of the ADR for the purchase of
the stocks. However, we assume conservativelyftinat short sale 50% initial margin of the
notional sold is necessary.

(1)

Closing of trades: We close a trade in the closingtion of dayt if at dayt —1 we observe
that R, > 4, + 3o,

Rationale for the strategyve would like to test whether abnormal changesha pricing
relationship of cointegrated securities from the amecan be exploited when
the relationship reverts again to the mean. We retthat this methodology is more consistent
than the ad-hoc rules found in Hong and Susmel 3R0@hich are based on
the difference of the price of the ADR and the kto¢n a frictionless economy
the ratioR, should be equal to 1 and any deviation from 1 shtast only for a short time.

3.1 Risk exposures
We briefly characterize our strategy by discussireggmost important risk parameters:

1. FX risk. This is the critical point in any pair tradingategy that includes securities
denominated in a foreign currency. Most papers lrglected to separate this risk.
We will analyze both the case with an imperfectisteX hedge and the non-hedged
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case. It will turn out that recent studies aboet pnofitability of pair trading in ADRs
cannot be sustained when stripping the FX gains D#tails about the hedging
methodology will be presented in the next sectiooud money management.

2. Beta risk.Our strategy is beta neutral and does not exhityitdirectional view. The
general idea behind this simple trading rule ig thenultiple standard deviation move
in the ratio R on a single day reflects an abnotigimovement away from the short-
term norm and should be corrected.

3. Time zone risk.This risk is eliminated since the NYSE and the BoAtnerican
exchanges allow simultaneous execution of trades.

4. Liquidity risk. Since we deliberately chose major well-known Sctierican stocks,
we have minimized this risk to a large extent: tbkimes on the home exchanges are
well above their national averages and do not posethreat to the replaceability of
the strategy. The same is true for most of the ADiRssen with average daily volumes
on the NYSE in tens or hundreds of thousand ulsely Metrogas ADRs might be
subject to liquidity constraints with an averagéydeolume of just 5000.

4 Money management and FX hedging methodology

The dynamics of financial markets have been chamgpitlly. There are many investment
alternatives compared to local trading strateddesng open to an emerging market and ability
to trade in non-US corporations is an opening dooinvestors. There is no doubt about the
growth in the non-US stock market for the past dec®eveloping countries and markets like
the Indian stock market and the Asian stock markdtremarkable returns in comparison.

According to Citigroup Inc. (2011),The total US investment in non-US equities inclgdin
ADRs and non-US shares has increased steadilythedast 19 years, rising from $279 to $
billion in 1991, 4.4 trillion in 2010. Additionallyoverall ADR trading volumes increased to
147.4 billion shares in 2010, growing at a compoamtual growth rate of 19% since 2006,
reinforcing the long-term trend of constant growth cross-border trading. Specifically,
capital raised in the form of ADRs by non-US coniganeached $20.7 billion in 2010, a 26%
increase over 2009.

This growth will open more doors for risk factorsdamainly the FX risks for traders in global
market. One of the main issues in modern portislamagement and managing money is how
to invest globally. Moving back to the risk expassirthere are different applications of the
statistical arbitrage strategy. Klaus Grobys (20d&)eloped the Statistical arbitrage strategies
based on cointegration-optimal weight allocatidfis.claims that usage of such a method will
generatesignificant abnormal annual returns between 2.44% H1.96%. He phrases in his
paper: “This method will give the chance to the investdos anticipate advantageous
developments of foreign economies, respectivakyigio stock markets in future periods. As a
result of that the statistical arbitrage correspaeno the stationary linear trend which behaves
relatively stable over time, depending on the eckarent factors.”

Some authors believe in more sophisticated stistarbitrage strategies. For instance,
Alexander and Dimitriu (2005) used artificial ind& in their paper and they constructed



portfolios using these indices where they tradedhair spread. Counterpart to their paper,
Klaus Grobys (2010) used the statistical model dbasethe artificial stock index. According
to his paper, the advantage of this method istti@estimated portfolio shows higher return
and lower volatility in comparison to the benchmark

An alternative view is presented by JamesVeles$2@i$0) who believes in diversification of
the strategies. In his paper, he combines meamsieweand momentum investment strategies
to construct a diversified statistical. He conclidieat this strategy rebalances the exposures
towards the market fluctuations and as a resulillitvork well in up and down market.

As we observe, the pair trading is an active trgdinategy. Pair traders always seek for stocks
whose prices move together. In this methodology wi# examine the risk-return
characteristics of the method and to take the §itsp towards the strategy, we choose the
South American stocks and their corresponding AlBsd on the NYSE.

Next, we take a long-short position by going long the stocks listed on the home stock
exchange in South America and going short on th&®Aiich is listed in New York for our
trading strategy. We select the trading rule basedhe total capital of 100 units. We then
divide our total capital into 6 equal sub-portfeliwith a starting value of 16.66. As a next step
we trade in each security independently with onthe$e sub-portfolios. It means that the total
risk of each trade is limited to losing 16.66. Quial capital at any time is just the sum of all
sub-portfolios.

Theoretically, the capital needed to initiate thesipions in the stock and the ADR is zero

because our strategy is dollar neutral. Howeverestors need a margin account to sell short
securities and we assume that 50% of the notiasidIshort is needed in advance. It means
that for every unit we sell short we must haveif.Bquity. Besides this constraint, however,

we assume that we can use the proceeds of the sdleralmost instantaneously to buy the
stock on the home exchange. This assumption ie gegtlistic for professional investors.

We pursue an imperfect because static hedge ofoogr exposure to the South American
currency versus the USD: for every 1 USD equivalentwhich we buy South American
stocks we sell 1 USD equivalent of the South Anaaricurrency. It means for small changes
in the price of the foreign currency denominateatistwe offset movements of that foreign
currency with our FX position. The hedge is impetfeéecause we do not adjust it for
movements in the stock price.

We assume a leverage of 2 in our FX hedging pastfehich results from the fact that we use
50% of our cash balance in any sub-portfolio fa $tock and ADR portfolio and commit the
remaining 50% for the hedge. Since we assume 508gimi@r the short sale we have to use a
leverage of 2 to offset the currency risk. A leggraof 2 is not only realistic but quite
conservative. Nevertheless, increasing the leveadighe FX portfolio, i.e. committing less
capital for the FX trade that could be utilizedriorease the position in the stock-ADR spread,
will surely not increase the profitability of therategy as will be briefly illustrated in the next
section.



5 Results
5.1 FX exposure stripped off

Figure 2 shows the summary statistics for the heédgeles calculated for daily values of the
cash balance. As expected we observe a disapppipgiriormance, even before considering
transaction costs which are twofold at every trsidee we have 2 legs in each trade. Testing
the monthly returns for significance, i.e. makihg null hypothesis that, = 0, we obtain a
t-value of 0.8341 which means in this case we cargject the hypothesis even at a 0.1 level.

Looking at the histogram in Figure 1 we observensitijve skewness which is calculated in
Figure 2 as 0.64. The results are hardly of anyevéd an investor and the summary of the
strategy presented in Figure 3 makes this pointentban clear. The Sharpe ratio yields a
negative value and we do not state it since negaBifaiarpe ratios have no meaningful
interpretation except that the strategy is not wodnsidering for implementation.

Figure 4 illustrates the evolvement of the castamed, starting initially with 100 units of
account. The path could resemble a random walknandrift can be determined, even when
subdividing into more intertemporal periods. A siixion into three periods of two years
yields similar results. There is no explicit retuwrinstering as we can see from Figure 5. All
these results point out that the general notigorofitable pair trading as outlined in Hong and
Susmel(2003) should be added with a Caveat at eéng least. This is because our strategy
already reduced one major risk which arises inAsian market, namely different time zones.

5.2 Unhedged strategy: FX exposure added to the trading book

In this section we report the results for the abjgesented strategy for the case we do not take
any means to hedge the FX exposure, i.e. we addrifk to our spread exposure. From a
rational point of view such strategies do not mag&ase because any result is likely to be a
random outcome of two risk factors and any positesult is not due to a superior trading
strategy but mere luck.

Nevertheless, we include the statistics for thigategy" because in Hong and Susmel (2003),
FX exposure is not hedged and pair trading in AlRpresented as a profitable strategy.
Indeed, taking the naive view of their paper wd intleed end up with significantly positive
results, but not even that spectacular as their 83%n. Figure 6 reports the statistics and
performance measures. We remark that althoughhbhg8 ratio is not good, the Sortino ratio
— which does not penalize for upside volatilitys-ekcellent. That is not due to the magnitude
of the abnormal returns but to the low downsidetiity of only 5.9%.

Figure 7 illustrates the evolvement of the caslamed. We observe a very strong performance
between October 2006 and January 2008. As outlimede introduction this is most likely
due to appreciating South American currencies. &8tetl this and built a customized currency
basket, calculated from investing 1 USD in BRL, ARSXN, COP on January 01, 2003
weighted according to the number of stocks denomthan that currency and indexed to 100
at the start. Clearly, the performance of the trgdule is symmetric to the value of 1 USD
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invested in the basket which once more illustrétes the return in the unhedged cases is not
due to an intelligent trading algorithm, but lucktihe form of FX exposure.

5.3 Graphsand Tables of FX hedged Vs. FX unhedged trading strategy
The first graph (Fig. 1) shows the distributionrmbnthly returns of the FX hedged trading

strategy. By looking at the histogram, we obserpesitive skewness.

Fig. 1 Distribution of monthly returns of the FX hedged trading strategy
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In the follow up to our histogram, we are providitige summary statistics for the hedged
trades calculated for daily values of the cashrwaa(Fig. 2). As we expected, we are not
observing satisfactory performances, however thsitige skewness is preferred from a
trading point of view.

Fig. 2 Summary statistics of FX hedged strategy

Summary statistics monthly returns
mean 0.0027321
std 0.0279855
annualized vol 0.096844
skewness 0.6427286
Kurtosis 7.85334P5

Source: Authors’ calculation

After reviewing the basic statistics, we will go raanto details of our analysis by evaluating

a descriptive statistics for the FX hedged traditngtegy. The results shown in the table below
(Fig. 3) make it clear that such a strategy is Ilyaofl any value to an investor. The negative

sharp ratio is another sign that the strategy isvooth implementing.
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Fig. 3 Descriptive statisticsfor FX hedged trading strategy
January 02, 2003 - April 22, 2009

Summary 2003-2009 all stocks

FX hedged

portfolio value (1.1.2003 set 100)
all-time high

annualized performance
annualized vol

Sharpe ratio

maximum drawdown

Calmar ratio

Sortino ratio

Annualized downside deviatio
daily value-at risk (99%
number of trading day;
number of trades

number of winning trade
number of losing trade

=]

102 B2 I v

average holding period in trading days

117.6357478
131.9590408
2.51%
10.20%
Negative
19.55%
0.128707409
6.806016561
5.74%
-12.32%
1647
61
32
29
59.73770492

Source: Authors’ calculation

The next graph (Fig. 4) illustrates the evolvemehthe cash balance considering the FX
hedge effect in our strategy. We start with 10Gsuni account. The path could resemble a
random walk and no drift can be determined, eveanndubdividing into more intertemporal

periods.
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The graph in Fig. 5 presents the monthly returnb®f-X hedged trading strategy. There is no
explicit return clustering as we can see from figigre.

Fig. 5Monthly returns of the FX hedged trading strategy

016

0.1

0.05 4

| T | L N -
> & QP &‘ o é’ & % $ & @ c? & & B é Ic? 2 c? &

%
"% |
0@
%

-0.05 4

-0.14

015 -
Source: Authors

The next table (Fig. 6) is the statistic and perfance measures of 2003-2009 for all the
stocks in the case of FX exposure being addedetdriding strategy. We can observe some
remarkable results in this table, mainly Sharporatid Sortino ratio.

Fig. 6 The Sortino ratio and low downside vol are remarkable

Summary 2003-2009 all stocks
FX exposure not stripped off

portfolio value (1.1.2003 set 100) 196.25
all-time high 247.27

annualized performance 0.1086
annualized vol 0.1539

Sharpe ratig 0.545095499

maximum drawdown 0.206335768

Calmar ratio 0.526660407

Sortino ratio 11.81205303

Annualized downside deviation 0.059108014
average 30 day va|l 0.0661

maximum 30 day vo 0.7336

average 90 day val 0.0981

maximum 90 day vo 0.4713
maximum drawdown 0.0735

daily value-at risk (99% -0.12316191

1647

12}

number of trading day:
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number of winning trade
number of losing trade

number of trades

maximum winning tradd
maximum losing trade
average holding period in trading days

2

45

26

19
1.5699
0.179
80.98

Source: Authors’ calculation

The next graph (Fig. 7) focuses on the developroeatr cash balance when we have the FX
unhedged strategy. As we see in the graph, theorpemhce between October 2006 and
January 2008 is strong. The reason for this pedioga is most likely the appreciation of

South American currencies.

Fig. 7 Development of cash balance when employing the trading strategy
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The following table (Fig. 8) shows the summary istats of the unhedged strategy in
comparison to Fig. 2. We can observe how the vahreschanged from one strategy to

another.

Fig. 8 Summary statistics of FX unhedged strategy

Mean 0.011751092

Std 0.04638920p
annualized vol 0.160696908
skewness 3.640614206
kurtosis 15.19126398

t value 2.16432639

Source: Authors’ calculation
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Fig. 9 presents the monthly returns of the unhediedegy and in comparison to Fig. 5 we
observe obvious jumps and changes in our monthlyrrs.

Fig. 9 Monthly returns of the unhedged strategy
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The histogram below is similar to Fig. 1 and shdhes distribution of monthly returns in a
different trading strategy setting of the data (Hi@).

Fig. 10 Distribution of monthly returns of the unhedged trading strategy
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The last figure (Fig. 11) shows the developmenii@® USD invested in a basket of BRL,
ARS, MXN, COP weighted 2/6, 2/6, 1/6, 1/6, respeddti, whose nominators are equal to the
number of stocks traded that are denominated irctivaency.

Fig. 11 Illustration of the currency effect the trades wer e exposed to
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6 Conclusion

Being inspired by Hong and Susmel (2003) at firat keen to even extend their strategy with
a more consistent model we finally found that ath ahalogy of risk-return spectrum "The
more return sought, the more risk must be undemntake still the underlying mentality of
investors. Having that in mind, the abnormal returany trading strategy should be a good
signal of the other side of the pole of the spawtwhich is the riskiness of the strategy. As a
result, success in such a complex market will beesed only by calculated risk. In addition
to the complexity of the market, recent events thedfinancial crises are making many of us
doubt our understanding of risk.

There is no doubt about the attractiveness of ABdRsinvestors. By investing in ADRS,
raising money in different capital markets will &eailable for international companies, global
demand for stocks can increase the local prickethares and foreign investors can diversify
their investments but this attractiveness shoutdesa investors to concentrate on the positive
side of the trade only.

The coin always has two sidéisk andReturn.

Let us dwell for a moment upon the quote frohe Wall Street Journal of April 10, 200
you thought getting into a hedge fund was toughy getting out of one” By referring to this
quote, we would like to shift the attention to tiwuidity risk. Investors should be cautious
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about this risk. As we chose the well-known Southefican stocks, we have minimized the
liquidity risk to a large extent.

In addition to liquidity risk, investors should b&vare of the short selling restrictions. Some
markets have short selling restrictions which Viillit the spread to converge. Thereby, in all
trades we simultaneously went long in the undeglyim stocks listed on the home stock
exchange in South America and we went short orADR which was listed in New York to
overcome any potential restrictions.

The time zone risk was neglected in our strategyeasvere dealing with the South American
ADRs, however this fact should be considered as aindhe major risks involved in pair
trading. For instance, if the ADR is in the Asiaarket, the market is not open yet while the
US market is open. This can shrink the tradingisassverlap and as a result the pairs cannot
occur.

We would like to remark the cost of carry here adl.vwWe have not considered the cost of
carry in our analysis, i.e. the performance inEXepositions needs to be corrected for interest
earned or paid in every trade. Since in generaldltes in Mexico, Argentina, Colombia and
Brazil were higher than in the United States, wellddook additional losses on all FX trades.

Last but not least, there is the transaction cdsthvshould not be hidden from the eye of
investors. We neglected the transaction cost inapatysis but in reality investors should be
conscious of this cost. They have to make suretlieaprofit of the spread will not be lost in
the transaction cost.

In general, there are various types of risks inedhin any trading strategy, each with their
own positions on the overall risk-return spectr#a.we observed in our investigations into
the statistical arbitrage strategy, the abnormalrns in such a scenario were the result of
involving the FX exposure in the trading rule iaeong direction.

Identifying risk factors is only the first step tawds reality. Their separation is another
challenge towards the realistic results. Even lokilog at the risk factors in such a simple
strategy we could observe how easily we could stethiand end up with biased returns.

This paper may be an opening to a different petsgeof observing risk and risk factors and
their involvement in the right direction in morengplex strategies. We would like to end our
investigation in this paper with the famous quoyeJacques Hadamartithe shortest path
between two truths in the real domain passes throudlge complex domain.”
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