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Abstract

This study investigates the price discovery role of the spot and the futures markets for the Brazilian real, South
African rand and Russian ruble. Three methodologies are employed: open-end multiple structural analyses,
vector error correction model, and reduced form computation of the information shares. Within the full period of
the data sample, three non-overlapping sub-periods are identified and analyzed. The findings indicate that while
the futures market has a more prominent role in price discovery for the Brazilian real, the spot market has a
leading position in the Russian ruble. The South African rand results are mixed. Further, the estimated short-run
lead-lag results suggest that in general the dynamics of the three emerging currency markets are not the same.
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1. Introduction

Price discovery studies on the currencies of the emerging markets have seldom been undertaken due to a number
of still prevalent reasons. While a number of prior studies have focused on the speed of adjustment of prices in
foreign exchange spot and futures markets, almost all of them have investigated the most actively traded
currencies (euro, Japanese yen, Swiss franc and British pound). This preference may be attributed mainly to the
smaller share of emerging currencies in the daily foreign exchange market turnover, the relatively small size of
the currency futures markets, and most importantly to the lack of easily accessible data for these markets.

Unrelated to the price discovery, a few aspects of the emerging market currencies, however, are being studied.
To cite a rare exception, Tornell and Yuan (2012) should be noted. Among the four major currencies that they
consider, one is the Mexican peso. In another study, considering three emerging markets (Mexico, Brazil, and
Hungary), Jochum and Kodres (1998) examine how the futures contracts influence their respective spot markets.
Their focus, however, is more on the volatility aspects of these markets.

The dynamics of the spot and futures markets, particularly lead-lag relations and causality, have been the subject of
numerous studies in the markets for commodities, stock indexes, and foreign exchange (FX), with the latter two
dominating the most. The early contributions conclude that the futures market leads the spot (see, for instance,
Kawaller, Koch and Koch (1987), Stoll and Whaley (1990), Chan (1992),Tang, Mak and Choi (1992), Ghosh
(1993), Parhizgari, Dandapani and Battachayra (1994), Abhyankar (1995), Tse (1995), Brooks, Rew and Ritson
(2001), Jiang, Fung, and Cheng (2001), and Schlusche (2009)). This finding, however, is challenged and does not
seem to always hold. For example, Shyy, Vijayraghavan and Scott-Quinn (1996) and Darrat, Rahman and Zhong
(2002), among others, conclude that the lead-lag relation between stock index futures and cash index prices is the
other way around.

An extension of the above studies, primarily to the advanced spot and futures currency markets, have reached, for
the most part, similar conclusions in the 1990s and early 2000s, i.¢., that the futures market has a leading role in the
price discovery. A number of hypotheses and theoretical and empirical currency forecasting models are based on
this position. Recent empirical work questions this near consensus position and suggests that the spot currency
market has gained the leading role in the price discovery. This is attributed, at least partially, to a number of recent
developments in the spot currency market, namely, extensive trading volume, massive size, increased
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sophistication in financial technology, increased transparency in electronic trading, and increased use of trading
algorithms.

Related to the causality direction, there is also a lack of consensus on the speed of adjustment of one market to the
other. A number of researchers have concluded that prices adjust faster in the currency futures market than in the
spot market (see, for instance Jabbour (1994), Crain and Lee (1995), Chatrath and Song (1998), and Martens and
Kofman (1998)). In contrast, Cabrera, Wang and Yang (2009) and Chen and Gau (2010), among others, have
reached a reverse position. Furthermore, Tse, Xiang and Fung (2006) find that the results vary based on the
currency under study while Rosenberg and Traub (2009) find that the relation for the same currency is subject to
change based on the trading platform and the type of futures contracts (regular vs. E-mini) used in the study.

The purpose of this paper is to investigate the lead-lag relationship between futures and spot markets, but within a
fully different context. First, the emerging markets, and not the advanced ones, are the focal points since they have
rarely been studied. In particular, this study considers the currency spot and futures markets for the Brazilian real,
South African rand, and Russian ruble. Second, multiple structural breaks in the series, and separate consideration
of market ups and downs, are taken seriously to account for possible nonlinearity in the series and to avoid
reaching spurious or conflicting outcomes. Finally, prior works have shied away from studying currencies of the
emerging markets because of the reasons we have already cited. The efforts in this paper are to fill this gap.

Our choice of the three emerging economy currencies is motivated in part by the recognition of Brazil, Russia
and South Africa as the fastest growing emerging economies in their respective regions. (Note 1 and 2) During
the period of our study (2005 to 2011) all three currencies went through periods of appreciation before 2008, and
then weakening during the flight to safe havens and risk-aversion from emerging currencies during the global
financial crisis. Furthermore, they experienced different degrees of foreign exchange rate interventions. In
particular, throughout the sample period the Bank of Russia has been very active in the ruble market both with
planned and unplanned interventions, while the South African Reserve Bank has mostly focused on
accumulating reserves to manage liquidity and “lean against the wind” during periods of large capital inflows.
Brazil has also intervened to protect the competitiveness of its exports.

The remaining parts of this paper are organized as follows. The next section provides a brief review of the related
prior literature. Section 3 documents the sources of data. Section 4 presents the triple methodologies that we have
sequentially employed, i.e., open-end multiple structural analyses, vector error correction model, and reduced
form computation of the information shares. Section 5 discusses and evaluates the empirical results. The last
section offers the conclusions.

2. Selected Prior Literature

The literature on foreign currency price discovery has already reached a near-consensus that the price discovery
process depends on: a) trading platform, i.e., electronic in contrast with floor trading, b) volatility, and c)
information flow as well as the content of such flow.

Using euro and Japanese yen, Tse, Xiang, and Fung (2006) determine that the electronic trading platforms are
more conducive to price discovery than the floor trading. According to their results, on the electronic platforms,
the futures prices lead the spot prices in the case of euro, but not for the Japanese yen, whereas the floor-traded
futures markets contribute very little to the price discovery of either currency. A conflicting position is drawn
when Cabrera, Wang and Yang (2009) report that information found in the spot market leads the futures market for
the euro and lags for the yen. Drawing on Poskitt (2010), a reason for this controversial result lies in the differences
in the methodologies that are employed in these studies. There is also a difference in measurement: returns are
calculated from mid-quotes in the spot market as compared to the use of transaction prices in the futures markets.

Using floor- and electronic-traded futures contracts, Rosenberg and Traub (2009) study whether the shift to the
electronic trading provides different results when examining the price discovery controversies. Considering
information from 1996, the year when the shift to electronic trading in the spot market started for the British pound
and the Swiss franc, and 2006 they show that prior to 1996 the amount of information discovered through currency
futures was greater than those found in a post-shift era, i.e., in 2006. They also found that there were increases in
spot market transparency after the shift occurred. Obviously, while a decade or so had to pass after the shift to
allow the electronic market to establish itself, the authors, however, make no adjustments for the substantial
changes in the technological know-how that took place during this relatively long time period.

A related strand of literature has addressed conditional variances across financial markets and their implications
for information transmission among the markets. Among such contributions, Chatrath and Song (1998) establish a
volatility spillover relation to determine whether price movements in the futures markets lead the price movements
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in the cash markets for the Japanese yen. They conclude that the futures price changes lead the cash price changes
and that that the futures market leads the volatility in the spot market. The authors attribute their findings to the
efficient reaction of the futures markets to new information.

Studying price discovery for the Japanese yen and the euro around the release of major U.S. macroeconomic
announcements, Chen and Gau (2010) show that the spot market provides a greater contribution to the price
discovery than the futures does, and that news releases regarding gross domestic product (GDP), employment, and
durable goods have a positive impact on the price discovery of the foreign exchange futures rates. These results
suggest that information flow is an important determinant in the price discovery process.

To wrap up this brief review, a concluding note is in order. Excluding Jochum and Kodres’ (1998) study that
considers Mexican peso, Brazilian real, and Hungarian forint spot and futures markets, all the other studies have
embraced currencies of the more developed countries. In this regard, and in light of the expansions that are
considered here, this study is unique in focusing on three emerging market currencies (Brazil, South Africa, and
Russia) that are not relatively heavily traded. Further, this analysis seeks to determine whether these countries
follow the same price discovery processes as those of the more developed, and therefore more liquid, currencies.

3. Data and Sources

Data are obtained from several sources. Foreign exchange spot rates on the Russian ruble, Brazilian real and
South African rand are obtained from CSI (Commodity Systems, Inc.). The study focuses on these three
currencies because, while several other emerging market currencies are currently trading, their price history is
too short or too many values are missing, thus hindering any valid empirical work. The frequency of the data is
daily and the prices are as reported at the close of the market at 5:00 p.m. in New York (Eastern Time). The spot
rates are matched with currency futures data from Tradestation. The futures contracts used trade on the Chicago
Mercantile Exchange (CME). (Note 3) To form the data series, the contracts are rolled over to the next most
actively traded contract before their expirations based on a rule of “one day higher open interest and volume”.
The combined (electronic and pit) contract prices are used to form continuous series. Futures close prices are
collected at 4 p.m. Central time, which is the time when Globex (the CME electronic platform) closes, and which
is in full synchronization with the spot prices at 5:00 pm New York (Eastern Time).

The proportion between the pit and the electronic contracts varies, with relative increases in the latter over time.
Considering each of these platforms separately is not deemed feasible because of the relative thinness of volume
in each platform; splitting the combined series into pit and electronic would have caused the data to become too
fragmented. The final sample spans from January 3, 2005, to March 30, 2011. The descriptive statistics for the
spot and futures contracts are included in Table Al.a in the appendix.

4. Methodology
4.1 Vector Error Correction Model

A vector error correction model (VECM) along with structural break analysis are utilized using both daily spot and
futures currency prices of the three emerging countries during several distinct time periods. The consideration of
distinct time periods is to determine whether price discovery is dynamic, not only throughout the entire period
under the study, but also across sub-periods. This feature is further expected to capture anomalies, if any, and
prevent the results from being confounded due to the potential existence of nonlinearities and cyclical features.
Hasbrouck (1995) information shares are also estimated for each designated sub-periods.

The following general VECM is employed:
Ay, = af'y,_q + Z?;l QiAy + & (1)

where yis a vector of futures and spot prices denoted by f and s, respectively. The notation Aindicates the
differencing operator such as Ay, =y, —y,_;. The coeficients a(error correction vector)and fare k x r
matrices and ®; is a k x k matrix.

The covariance matrix of innovations is denoted by:
2
o 0,0
Q= ( i P 1 2) ?)
p0,107 03

Anticipating that the spot and futures currency error terms may be correlated, to eliminate the contemporaneous
correlation, Cholesky factorization is used through obtaining the root of Q = M M’, where:

m 0 01 0
M=t )= ) :
My, My poy  0y(1—pH)/? 3)
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and p is the correlation between the error terms of spot and futures prices.

Following the notation of Baillie et al. (2002), the information shares for the futures and spot markets are
estimated by/S; and IS,, respectively, as:

(Y1ma1+y2miz)?
IS, = 4
L7 (amas+y2ma )2+ (yamaz)? @)

2
152 — (VZmZZ) (5)

(Y1ma11+Yamy2)?+(y2ma2)?
where y,'s are the error correction coefficients from the VECM in relation (1).

The upper (lower) bound of each market’s information share is estimated when this market is first (second)
variable in the factorization as suggested by Hasbrouck (1995). Relations (1) through (5) yield a reduced form
computation of Hasbrouck’s IS model. Thus, at the estimation level, the VMA representation of the VECM
which is undertaken in nearly all studies using Hasbrouck’s approach is bypassed. Further, it could be argued
that these five relations provide a hybrid approach close to both Hasbrouck’s (1995) IS and Gonzalo and
Granger’s (1995) PT common factor models, particularly, if p, the correlation between the error terms of spot
and futures prices, are not very large (Baillie et al., 2002).

4.2 Multiple Structural Changes in the Spot and Futures Prices

Bai and Perron’s (1998, 2003) multiple structural changes test for liner models are used in order to determine the
number of structural breaks in the daily spot and future prices of the Brazilian real, African rand, and Russian
ruble.

The pure structural change model to determine m breaks and m+1subsamples is represented by:
Ve = Z£5j + U, (6)

forj=1,...m+1,and t =Tj_; + 1, ..., Tj, where T; represents the break points which are treated as unknowns,
Y¢is the dependent variable at time t, z:is a qx1 vector of covariances with §; as its respective vector of
coefficients, and u, is the disturbance at time t. The estimation method is based on the least squares principle.
For each m-partition, the associated least-squares estimates of §jare obtained by minimizing the sum of squared
residuals:

Sr(Tyy s Tn) = P4 By, alye — 6,1 )
In addition, Bai and Perron (1998, 2003) show that the break-point estimators are global minimizers of the
objective function. (Note 4) For the estimation procedure, they propose an algorithm based on a dynamic
programming principle that allows the computation of estimates of the break points as global minimizers of the
sum of squared residuals. (Note 5) Furthermore, in order to identify the number of breaks, the double maximum
statistics needs to be examined to determine if any structural breaks are present. If these statistics are significant,
then the sequence of SupF (£ + 1|€)statistics must be examined, where ¢ represents the breaks and is used to
test whether the additional breaks lead to a significant reduction in the sum of the squared residuals. (Note 6)

5. Empirical Results

The first step in the empirical analysis is to test all the series for stationarity and the existence of structural
breaks in them. As to the stationarity, using Augmented Dickey-Fuller (1979) and Phillips-Perron (1988) tests, it
is documented that the futures and the spot prices in levels contain unit root, while their returns are stationary.
On the cointegration, Johansen’s (1988) rank test results provide evidence that the futures and the spot series for
all the three currencies are cointegrated. The results of the unit root tests and the cointegration rank tests, along
with preliminary statistics on the data, are reported in Appendix 1 Tables Al.a through Al.c.

As to the structural breaks, the starting model which is tested is set with a single constant as regressor (z;=1).
Further, it is allowed to encounter a maximum of five breaks, while using a trimming of & = 0.05. (Note 7)
Non-parametric adjustments are allowed in order to account for possible serial correlation, while, serial
correlation in the errors and different variances of the results across segments are also allowed.

Implementing the above refinements within the Bai and Perron’s (1998, 2003) multiple structural break tests that
are discussed in the methodology section, estimates of the break point dates are obtained. The results are
presented in Tables 1 and 2. The break dates, which are presented in Table 2, are determined based on the results
in Table 2. For each currency, there exist at least five breaks in the structure of each of the spot and the futures
prices — with the exception of the spot prices for the Russian Ruble since the SupF (5|4) statistics is insignificant.
Therefore, only four breaks are considered in this instance. Considering these results and given that the spot and
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the future series are each independently analyzed for the existence of the breaks, it is interesting to note that most
of the break points that are identified for the spot prices are similar to those of the futures prices.

The numbers in parentheses in Table 2 represent confidence intervals at the 90 percent significance level. In
most instances these appear to be large, however given that the data may not be available for every single day,
the true number of observations tends to be smaller. The bold numbers and the numbers in italics represent the

smallest confidence interval, followed by the second smallest interval, respectively.

Table 1. Break Dates Estimated Using Bai & Perron's Structural Change Model

7, 7, 7 7, 7
9/16/2005 3/30/2007 10/4/2007 9/26/2008 7/14/2009
Real - spot (8/30/05-1/06/06) (2/05/07- 4/26/07) (1/24/07-10/18/07) (9/2/08-12/05/08) (6/25/09-8/26/09)
9/2/2005 3/29/2007 10/4/2007 10/1/2008 5/28/2009
Real - futures (8/12/05-2/07/06) (1/12/07-5/03/07) (9/20/06-10/17/07) (9/30/08-1/08/09) (4/09/09-6/02/09)
6/5/2006 2/1/2008 10/3/2008 4/2/2009 9/8/2010
Rand - spot (4/17/06-8/9/06) (1/11/08-5/15/08) (10/01/08-10/10/08) (3/20/09-4/2/09) (8/18/10-9/24/10)
6/5/2006 1/30/2008 10/3/2008 4/2/2009 8/31/2010
Rand -futures (4/25/06-8/15/06) (12/13/07-4/21/08) (10/01/08-10/15/08) (3/20/09-5/22/09) (8/10/10-9/20/10)
9/19/2007 9/4/2008 1/6/2009 5/18/2009
Ruble - spot (9/19/07-9/29/10) (9/10/07-9/4/08) (1/6/09-6/1/09) (5/18/09-7/20/09)
5/1/2006 9/11/2007 10/16/2008 5/1/2009 9/16/2009

Ruble-futures

(12/12/05-6/20/06)

(8/16/05-12/17/07)

(10/7/08-11/14/08)

(4/27/09-9/10/10)

(8/13/09-10/01/09)

For illustrative purposes, Figures 1.a through 1.c portray the spot and the futures prices for the Brazilian real, the
South African rand, and the Russian ruble and their changing means. In all figures, it appears that the futures
contracts lead the spot. This graphical and non-statistical observation remains to be tested rigorously to see if it
holds or not.

Prior to analyzing the price discovery process, each series is divided into three sub-samples based on the results
presented in Table 2 and a few other considerations. The full sample includes the entire sample period from
January 3, 2005 to March 30, 2011. The three sub-samples are defined over the following sub-periods presented
in table 3.
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Table 2. Empirical Results of Bai & Perron's Structural Change Models for Brazilian Real, African Rand, and
Russian Ruble Spot and Futures Prices

Tests
SupF(1) SupF(2) SupF+(3) SupF(4) SupF+(5) UDmax WDmax SupF(2 |1) SupF(3| 2) SupF(4] 3) SupF(5]4)
Real - spot 9.35¢ 36.50° 26.72° 35.29° 46.59" 46.59" 80.60" 17.15* 28.27° 32.63" 41.15°
Real - futures 8.75¢ 2821° 32.78° 31.73° 28.72° 3278 50.69 11.55° 28.79* 10.79° 30.96"
Rand - spot 13.14° 5.58 221.68" 201.79* 211.47° 221.68" 365.83" 5.96 53.83" 55.90° 55.90°
Rand - futures 11.50° 5.14 209.95° 194.62° 198.98" 209.95° 344.21° 4.79 49.79* 51.26 51.26"
Ruble - spot 23.49° 62.86" 51.37° 220.62° 243.11° 243.11° 420.55" 9.72° 13.70° 22.16 9.99
Ruble - futures 7.26 5.35 727 4217 53.54" 53.54" 92.52° 16.04" 54.86" 54.86" 23.85"
Number of breaks selected’
Sequential Lwz BIC
Real - spot 3 5 5
Real - futures 2 5 5
Rand - spot 0 5 5
Rand - futures 0 5 5
Ruble - spot 1 5 5
Ruble - futures 0 5 5
Estimates with five breaks
8 s, 8 8, 85

Real - spot 0.39 (0.002) 0.45 (0.001) 0.51 (0.002) 0.58 (0.001) 0.045 (0.002)

Real - futures 0.40 (0.002) 0.46 (0.001) 0.51 (0.002) 0.59 (0.001) 0.44 (0.002)

Rand - spot 0.16 (0.000) 0.14 (0.000) 0.13 (0.000) 0.10 (0.000) 0.13 (0.000)

Rand - futures 0.16 (0.000) 0.14 (0.000) 0.13 (0.000) 0.10 (0.000) 0.13 (0.000)

Ruble - spot 0.04 (0.000) 0.04 (0.000) 0.04 (0.000) 0.04 (0.000) 0.03 (0.000)

Ruble - futures 0.03 (0.000) 0.04 (0.000) 0.04 (0.000) 0.03 (0.000) 0.03 (0.000)

'LWZ stands for the modified Schwarz criterion of Liu et al. (1997) and BIC for Bayesian Information Criterion.
abed Sjonificant at the 1, 2.5, 5, and 10 percent levels, respectively.

Figures in parentheses represent the standard errors for 90% confidence intervals for &; ..

8,1 is the estimate of the dynamic programming algorithm.

UDmax represents the results of the equal weighted double maximum test (test of the null hypothesis of no structural break against an

unknown number of breaks given some upper bound); while WDmax represents a double maximum test in which weights are applied to the

individual tests.

Table 3. Subsamples

Sub-sample 1

Sub-sample 2

Sub-sample 3

Brazilian real
South African rand
Russian ruble

01/03/05 — 10/04/07
01/03/05 — 10/03/08
01/03/05 — 10/16/08

10/05/07 — 10/01/08
10/04/08 — 04/02/09
10/17/08 — 09/16/09

10/02/08 — 03/30/11
04/03/09 —03/30/11
09/17/09 —03/30/11
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Figure 1a. Brazilian Real — Spot and Futures Prices with their respective change in means

0.18
0.16 A
0.14
0.12

sadud

0.10
0.08

S0-€0-T0

Average - Futures

e Average - Spot

Dates

e SpoOt Prices

Futures Prices

TT-T1-20
0T-60-CT
01-80-0T
0T-60-80
0T-80-90
0T-90-10
0T-€0-20
60-T0-¢CT
60-6¢-60
60-8¢-£0
60-£¢-S0
60-7¢-€0
60-S0-T0
80-0€-0T
80-6¢-80
80-0€-90
80-S¢-10
80-5¢-¢0
L0-61-CT
L0-LT-0T
£0-9T-80
£0-0¢-90
L0-61-10
L0-9T-¢0
90-€T-¢T
90-TT-0T
90-0T-80
90-80-90
90-90-10
90-T0-¢0
S0-S¢-TT
S0-€¢-60
S0-9¢-L0
S0-€¢-S0
S0-T¢-€0

Figure 1b. South African Rand — Spot and Futures Prices with their respective change in means
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Considering Figures la through lc, the first subsample for the Brazilian real represents a period of consistent
growth in the spot and the futures prices wherein both reach their highest levels. Sub-sample 2 is a period of
sheer declines and sub-sample 3 is a period of gradual recovery.

Unlike the trend shown in the Brazilian real, the South African rand has a period of decline in both its spot and
futures prices until the end of the first sub-sample when they reach their lowest levels; then they begin to recover
in the second sub-sample. The third sub-sample is one of stability and some growth.

The spot and the futures prices for the Russian ruble do not follow each other as closely as seen in the cases of
the real and the rand, yet the first sub-sample for the ruble can be described as one of stability and small growth.
During the second sub-sample they start to decline and both prices reach their lowest levels. Recovery and
stability are seen in the third sub-sample.

Given the above dynamic patterns in the series, it is possible that the results based on the full sample and a linear
model, which is the case in nearly all prior studies, may be confounded on statistical as well as on “wash-out”
grounds. This may also provide an explanation why some of the prior findings are inconsistent.

The estimation of the vector error correction model (VECM) as defined in relation (1) is then undertaken without
considering any exogenous variables. This approach is quite in-line with nearly all prior studies. In all cases, the
optimal lag length for each currency is sought based on BIC.The results of the VECM estimation are included in
Table 4. The bold numbers in this Table indicate statistical significance at the 5 percent or below. The full
sample is divided into the three sub-smaples as discussed above on the basis of the breakpoints in each currrency,
i.e.: Brazilian real (Ocober 4, 2007 to Ocotber 1, 2008), South African rand (October 3, 2008 to April 2, 2009)
and Russian Ruble (Ocotber 16, 2008 to Sepetmber 16, 2009), etc. Each Table contains four samples: the full
sample and the three sub-samples. Finally, the information shares are computed based on the error correction
coefficient estimates in Table 4 and the factored innovation matrix of the estimated VECM. These results are
reported in Table 5.

Considering Table 4, a few observations on the short-run dynamics between the futures and spot prices are in
order. Such observations are often made based on the magnitude of the coefficients of the lagged difference
terms (As,_; and Af;_;). It is of interest to observe whether changes in yesterday’s spot returns have any
influence on today’s futures returns and vice versa, thereby establishing a leading role, if any, in price discovery
for one of these markets and examining if that role is changing over time. The consensus in this regard has been
shifting. For instance, even though the foreign exchange spot market in general has significantly higher volume
than the futures market, some studies have shown that the futures markets lead the spot due to lower transaction
costs, high leverage, and transparency (Stoll and Whaley, 1990; Tse, Xiang and Fung, 2006).

The results for the Brazilian real show that the spot market has the leading role. The first lag of the spot return
has significant influence on the futures return over the full sample and two of the subsamples. In contrast, the
first lag of the futures return is not significant in explaining the spot return in any of the subsamples or the full
sample, though it is highly significant at two lags. The same pattern is nearly present for South African rand
(As,_; is significant in the full sample and subsamples 1 and 2). However, a notable pattern emerges in the
rand’s results towards the end of our data sample, i.e., the futures markets appear to assume a more important
role; the lagged futures return influences the spot in subsamples 2 and 3. The VECM results for the ruble show
mixed results, where both lagged futures and spot returns have a role in price discovery.

Overall, the results presented in Table 4 support the notion that both futures and spot markets play a role in price
discovery in the three emerging markets studied. The results are mixed, particularly across the sub-samples.
Stated differently, there is ample indication that the ups and the downs in the market have some influences on the
results. Therefore, bundling these markets together, as has been the practice in prior studies, may confound the
outcome.

Table 5 reports estimates of the information shares for the three currencies for the full sample as well as the
subsamples defined by the structural breaks. The upper and the lower boundaries are presented in brackets below
the mid-point information shares.
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Table 4. VECM Estimates

Full sample Subsample 1 Subsample 2 Subsample 3
Equation Variable Estimate t Value Estimate t Value Estimate t Value Estimate t Value
Brazilian Real
Af; Intercept 0.001 2.11 0.004 3.34 0.002 0.78 0.000 0.82
fr-1 -0.158 -4.01 -0.145 -2.96 0.110 0.93 -0.262 -3.67
Se_1 0.161 4.01 0.151 2.96 -0.107 -0.93 0.266 3.67
Afiy -0.316 -6.34 -0.230 -3.49 -0.254 -1.61 -0.380 -4.70
Asy_4 0.304 6.04 0.212 2.78 0.206 1.4 0.351 4.46
Afi—y -0.044 -0.98 -0.245 -4.00 0.104 0.73 0.098 1.41
Asy_, 0.010 0.21 0.206 2.90 -0.231 -1.72 -0.106 -1.49
As, Intercept 0.000 0.69 -0.001 -0.78 0.006 2.32 0.001 0.98
fe-1 0.086 2.19 0.064 1.50 0.294 2.48 0.082 1.07
Se-q -0.087 -2.19 -0.066 -1.50 -0.286 -2.48 -0.084 -1.07
Afi—y -0.011 -0.21 0.072 1.27 0.225 1.42 -0.140 -1.60
Asy_y -0.040 -0.8 -0.091 -1.38 -0.295 -1.99 0.065 0.76
Afi—z 0.134 3.01 -0.099 -1.87 0.402 2.83 0.260 3.48
Asy_, -0.176 -3.76 0.052 0.85 -0.516 -3.83 -0.267 -3.46
South African Rand
Af, Intercept 0.004 2.63 0.006 2.65 -0.006 -0.29 -0.006 -1.67
fe-1 -0.168 -2.77 -0.191 -2.85 0.071 0.30 -0.204 -1.82
Se—q 0.171 2.77 0.195 2.85 -0.074 -0.30 0.202 1.82
Afeq -0.294 -4.49 -0.134 -1.76 -0.894 -3.76 -0.049 -0.34
Asy_y 0.398 6.26 0.195 2.53 0.896 4.05 0.093 0.62
LY 0.019 0.35 -0.030 -0.46 0.027 0.16 -0.081 -0.61
As,_, 0.018 0.33 0.022 0.33 0.196 1.09 0.059 0.45
As, Intercept -0.005 -3.31 -0.005 -2.24 -0.062 -2.35 0.001 0.26
fe-1 0.218 3.34 0.142 2.09 0.701 2.37 0.015 0.14
Se_1 -0.222 -3.34 -0.145 -2.09 -0.732 -2.37 -0.015 -0.14
Afeq -0.047 -0.66 0.144 1.86 -0.873 -2.94 0.388 2.71
Asp_4 0.093 1.36 -0.103 -1.32 0.764 2.77 -0.372 -2.55
Afe—s 0.160 2.76 0.091 1.34 0.084 0.39 0.021 0.16
As;_, -0.147 -2.46 -0.113 -1.64 0.108 0.48 -0.057 -0.44
Ruble
Af; Intercept -0.010 -2.63 -0.004 -1.11 -0.102 -1.94 -0.037 -1.42
fe-1 0.014 2.62 0.011 1.12 -0.042 -1.94 -0.039 -1.42
St—q -0.017 -2.62 -0.012 -1.12 0.013 1.94 0.028 1.42
Af 4 0.056 2.01 -0.139 -3.61 -0.008 -0.09 0.040 0.71
Asy_q 0.070 3.37 0.073 2.32 0.384 2.67 -0.001 -0.03
Afi-y -0.077 -2.76 0.017 0.42 -0.115 -1.26 -0.088 -1.63
As,_, 0.036 1.56 0.041 1.19 0.132 0.92 -0.011 -0.46
Afi—z -0.073 -2.72 0.023 0.59 -0.071 -0.79 0.039 0.74
As,_3 0.006 0.28 0.037 1.23 -0.017 -0.12 -0.015 -0.78
As, Intercept -0.025 -5.23 -0.006 -1.58 0.011 0.33 0.224 3.18
fer 0.036 5.24 0.019 1.61 0.005 0.35 0.233 3.18
Seo1 -0.044 -5.24 -0.021 -1.61 -0.002 -0.35 -0.168 -3.18
Afiq 0.321 8.80 0.470 10.19 0.032 0.53 0.200 1.34
As,_y -0.567 -20.85 -0.594 -15.74 0.115 1.23 -0.604 -9.36
Afi—y 0.087 2.37 0.352 7.13 -0.144 -2.43 0.062 0.42
As_, -0.315 -10.35 -0.384 -9.23 0.130 1.38 -0.386 -6.00
Afi_3 0.102 2.86 0.229 4.95 0.054 091 0.195 1.37
As;_5 -0.149 -5.53 -0.206 -5.67 -0.039 -0.42 -0.192 -3.68

This table reports VECM coefficient estimates for the following model:

p-1

Ay, = aB'y, 4 + Z DAy, + &

i=1

where y is a vector of log futures and spot prices denoted by f'and s, respectively and A is the difference operator.The optimal lag length for
each currency is based on BIC. The numbers in bold indicate statistical significance at 5 percent or below. The full sample is divided into
three subsmaples based on the following breakpoints for each currrency: Brazilian real - Ocober 4, 2007 to Ocotber 1, 2008; Southafrican
rand - October 3, 2008 to April 2, 2009; and Russian Ruble - Ocotber 16, 2008 to Sepetmber 16, 2009.
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Table 5. Information Shares

Full sample Subsample 1
Currency ISr ISy ISr ISs
Brazilian Real 0.77 0.22 0.8 0.2
[0.773,0.777] [0.223, 0.227] [0.706, 0.898] [0.102, 0.294]
South African Rand 0.29 0.71 0.7 0.3
[0.128, 0.445] [0.555,0.872] [0.469, 0.936] [0.064, 0.531]
Russian Ruble 0.2 0.8 0.33 0.67
[0.055, 0.339] [0.661, 0.945] [0.105, 0.563] [0.437, 0.895]
Subsample 2 Subsample 3
AV 1S ISr IS
Brazilian Real 0.45 0.55 0.74 0.26
[0.015, 0.892] [0.108, 0.985] [0.538, 0.938] [0.062, 0.462]
South African Rand 0.4 0.6 0.59 0.41
[0.001, 0.808] [0.192, 0.999] [0.173,0.999] [0.000, 0.827]
Russian Ruble 0.5 0.5 0.02 0.98

[0.141,0.868]  [0.132,0.859]  [0.000,0.045]  [0.955, 1.000]
This table reports the mid-points and the upper and lower bounds of the information shares of futures (/Sr) and spot (ISs) markets for the

three currencies. The upper (Hy;s) and the lower (H;5) bounds are reported in brackets below the mid-point information shares. The full
sample is divided into three subsmaples based on the following breakpoints for each currrency: Brazilian real - Ocober 4, 2007 to Ocotber 1,
2008; Southafrican rand - October 3, 2008 to April 2, 2009; and Russian Ruble - Ocotber 16, 2008 to Sepetmber 16, 2009.

The information shares of the futures and spot markets differ by currency as well as across the sub-periods. For
Brazilian real, the futures lead the spot in all samples except subsample 2 which includes the 2008 — 2009 period.
The results for the South African rand are mixed. In the case of the Russian ruble, the spot lead the futures in all
periods except for the period of crisis in which there was no lead/lag effect. If at all, during the second
subsample the futures market leads spot by the smallest of margins (0.504 vs. 0.496).

The second sub-period that coincides with the global financial crisis is of special interest and it shows different
IS patterns for the three currencies. During this sup-period, the spot leads the futures for two of the currencies —
Brazilian Real and South African Rand, while for Russian ruble there is almost no predominant market position
in price discovery.

It should also be noted that while the information shares could more accurately be estimated with high frequency
data, using lower frequency data can pose challenges. For instance, it leads to wider bands for the estimated
information shares. This is a well-known factor in the price discovery literature. Using several studies with
different data frequencies, Baillie et al. (2002) show that at one second intervals the upper and the lower bands
are almost the same, while at frequencies of one minute and higher the boundaries can diverge significantly. The
results presented in the current study are consistent with and reflect these points as well.

In sum, the short-run dynamics from the VECM and the computed information shares provide evidence in
support of the important roles that the futures and the spot markets may play in price discovery. The influence of
each market is not constant over time or for each currency. The futures market appears to be more prominent in
Brazilian real price discovery process, while the spot has overall a leading role in the Russian ruble market.

Finally, the response of the estimated VECM to some perturbations is examined. This could be regarded, at
minimum, a test of the dynamics and the sensitivity of the model. This is performed through impulse response
functions wherein the system is traced under a one standard deviation shock in either the spot or in the futures
market for each currency. The results are plotted in Figures 2.a through 2.d. Each graph indicates the impact path
of a shock in a given variable over time. The vertical axis represents the deviation (return increment) from the
benchmark case, while the horizontal axis represents the days elapsed post the initial shock. In general, the
results conform to those in prior studies. The shock impact tends to amplify first, and then it starts to dissipate.
As expected, the dynamics of the three currencies are not the same: the shocks result in the highest impact during
the second or the third days and dissipate to near zero in five to six days. Some persistence, though not
necessarily significant, seem to be present.
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6. Conclusions

This study has investigated the price discovery for three emerging market spot and futures currencies (Brazilian
real, South African rand and Russian ruble). Prior to the analysis, multiple structural breaks in the series are
carefully examined to account for possible nonlinearity in the series and to avoid reaching spurious or conflicting
outcomes. The presence of multiple structural breaks in the series adds additional value to our results. The
outcomes of the structural break analyses yield four distinctive samples that we have individually analyzed. These
varied alternatives add invaluable information to the literature on price discovery. In addition to the full sample,
each of the three sub-samples is separately analyzed. It is shown that the dynamics of these sub-samples are not the
same and rolling them into one long sample may wash out the diverse outcomes or confound the results.

The results based on the VECM estimates and the derived information shares lead us to conclude that both
futures and spot markets play a role in price discovery for the three emerging currencies studied. Whereas the
futures markets appears leading in the case of the Brazilian real, the spot has more influence for the Russian
ruble. The results for the rand are mixed. The sub-samples estimates further reveal the impact of market
turbulence on the lead-lag relations, as the information shares of futures and spot markets change for all three
currencies during the second sub-period. Given the differences in the underlying factors and in particular across
the sub-samples, it is worthwhile to reiterate that seeking uniformity across all markets and over all time periods
is unwarranted.

A possible extension of this study is to investigate further whether the changing roles of the futures and spot
markets in the price discovery process is associated with such market characteristics such as volatility and
liquidity in the subsamples that we have designated. The information shares could be estimated using a VECM
which includes variables such as spot or futures market volume, return volatility, stock market interaction
variables and others.
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Notes

Notel. In 2010 South Africa joined the group of leading emerging market economies known as BRIC (Brazil,
Russia, India and China) and the group was subsequently renamed BRICS.

Note 2. Chinese renminbi futures data are not available for the duration of our study and Indian rupee futures are
not traded on the Chicago Mercantile Exchange.

Note 3. The Brazilian real futures on CME have thirteen consecutive expiration months listed and two deferred
March quarterly months. The Russian ruble futures have twelve consecutive months listed in addition to sixteen
March quarterly months. Lastly, the South African rand has thirteen consecutive calendar months listed, as well
as two deferred March quarterly cycle months. Trading in all these contracts are sparse on a daily basis, yielding
high frequency analysis infeasible.

Note 4. Based on Bai and Perron (2003), computing the estimates (6"({T _j }), where 6=(8 _(1,...,) 8 _(m+1) ) on

the m — partition (T j)and substituting these in the objective function, the resulting sum of the squared residual

(ST (T 1,...,T_n)) and the estimated breakpoints (T 1 )%,...,(T_m )") are such that (T_1)"%,...,(T_m )" )=
Cargmin)] (T 1,..,T m ) ST (T 1,... T nm ), where the minimization is taken over all partitions

(T _1,...,m).

Note 5. For further details on how the SupF statistics and the “double maximum” statistics are estimated and the

critical values estimated by the authors, please refer to Bai and Perron (1998 and 2003).

Note 6. SupF T (|— 1+1-| |l) is equivalent to doing (I1+1) tests of the null of no structural changes versus the
alternate of a single change.

Note 7. Even though Bai and Perron (2000) argue that a small trimming may create size distortions when
allowing for serial correlation or for the different variances of the errors when working with small sample size
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(i.e., 100 or less), we believe that this will not be an issue in our study because our sample sizes are above 1,400

observations.
Appendix
Table Al.a. Descriptive Statistics
Variable Mean Median Std Dev Skewness Kurtosis Minimum Maximum
Brazilian Real
Spot 0.5088 0.5103 0.0688 -0.0943 -1.1909 0.3610 0.6419
Futures 0.5033 0.5054 0.0692 -0.1244 -1.1815 0.3513 0.6370
Spot returns 0.0329 0.0685 1.1388 -0.4320 7.8770 -6.6929 8.3400
Futures returns 0.0329 0.0855 1.1756 -0.5427 7.1727 -7.3980 9.0416
Futures volume 208.47 75.00 463.11 7.24 79.55 0.00 8003.00
Futures open interest 3763.89 2765.00 2788.56 0.78 -0.37 0.00 12367.00
South African Rand
Spot 0.1402 0.1405 0.0160 -0.6804 0.9674 0.0863 0.1773
Futures 0.1388 0.1393 0.0161 -0.6761 0.9299 0.0844 0.1754
Spot returns -0.0001 0.0000 0.0130 -0.7656 19.3430 -0.1484 0.1031
Futures returns -0.0001 0.0001 0.0125 -0.0744 11.3643 -0.1006 0.1033
Futures volume 280.22 124.00 503.37 5.81 53.79 0.00 7814.00
Futures open interest 4303.78 3689.00 2102.48 1.05 0.88 0.00 12847.00
Russian Ruble
Spot 0.0361 0.0360 0.0034 0.0492 -0.4986 0.0275 0.0432
Futures 0.0353 0.0352 0.0039 -0.3335 -0.2292 0.0238 0.0427
Spot returns 0.0000 0.0001 0.0126 0.1017 93.4850 -0.1545 0.1593
Futures returns -0.0001 0.0003 0.0084 -0.4260 35.9545 -0.0771 0.1105
Futures volume 156.57 1.00 371.49 5.11 38.15 0.00 4812.00
Futures open interest 3989.00 3584.00 2472.04 0.41 -0.73 2.00 10801.00

This table reports summary statistics for the futures and spot prices and returns from January 3, 2005 to March 30, 2011. Futures returns

are calculated from daily log price changes and are reported in percentage. The final matched sample for each currency contains 1,558

observations of the Brazilian real, 1,414 observations for the South African rand, and 1,560 observations for the Russian ruble. The

sources of the data are Datastream, CSI (Commodity Systems, Inc.), and Tradestation.
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Table Al.b. Unit Root Tests

Type Augmented Dickey-Fuller Test  Phillips-Perron Unit Root Test
F Pr>F Rho Pr<Rho Tau Pr< Tau
Real Spot
Single Mean 2.85 0.3398 -6.88 0.2836 -2.11 0.2390
Trend 3.22 0.5287 -12.40 0.2941 -2.61 0.2761
Real Futures
Single Mean 2.80 0.3518 -7.06 0.2716 -2.14 0.2275
Trend 3.08 0.5573 -12.55 0.2868 -2.62 0.2708
Real Spot Returns
Single Mean 472.12 0.0010 -1646.70 0.0001 -41.79 <.0001
Trend 472.03 0.0010 -1646.93 0.0001 -41.78 <.0001
Real Futures Returns
Single Mean 458.34 0.0010 -1696.02 0.0001 -43.14 <.0001
Trend 458.28 0.0010 -1696.28 0.0001 -43.14 <.0001
Ruble Spot
Single Mean 1.53 0.6799 -8.63 0.1873 -2.08 0.2532
Trend 1.95 0.7861 -10.60 0.3970 -2.33 0.4191
Ruble Futures
Single Mean 1.15 0.7770 -4.33 0.5034 -1.41 0.5770
Trend 1.96 0.7844 -6.03 0.7424 -1.78 0.7153
Ruble Spot Returns
Single Mean 760.20 0.0010 -2127.31 0.0001 -60.68 <.0001
Trend 759.74 0.0010 -2127.31 0.0001 -60.66 <.0001
Ruble Futures Returns
Single Mean 394.14 0.0010 -1410.90 0.0001 -35.85 <.0001
Trend 394.10 0.001 -1411.12 0.0001 -35.84 <.0001
Rand Spot
Single Mean 2.50 0.4298 -10.09 0.132 -2.49 0.1175
Trend 2.61 0.6525 -11.14 0.3634 2.3 0.4319
Rand Futures
Single Mean 2.39 0.4581 -9.44 0.1544 -2.42 0.1366
Trend 2.50 0.6753 -10.29 0.4166 -2.21 0.4859
Rand Spot Returns
Single Mean 363.17 0.0010 -1399.76 0.0001 -37.54 <.0001
Trend 363.50 0.0010 -1400.61 0.0001 -37.54 <.0001
Rand Futures Returns
Single Mean 325.92 0.0010 -1343.31 0.0001 -36.13 <.0001
Trend 326.18 0.0010 -1344.19 0.0001 -36.13 <.0001
Table Al.c. Johansen Cointegration Rank Test
HO: HI1: Critical
Rank=r Rank>r Eigenvalue Trace Value
Real 0 0 0.108 180.284 12.21
1 1 0.0017 2.5969 4.14
Ruble 0 0 0.017 26.7486 12.21
1 1 0 0.0304 4.14
Rand 0 0 0.1542 236.3 12.21
1 1 0 0.009 4.14

75



