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Abstract

This papers examines the profitability of two technical trading systems using an extensive sample of
intraday data for the Russian Ruble US Dollar foreign exchange market. To accommodate for data snoop-
ing, the observed trading rule returns are tested for significance using the Superior Predictive Ability test
(Hansen, 2005). The results indicate that regardless the benchmark or contract, technical trading profits
seem much more present on a higher frequency basis. The adjustment for transaction costs however,
wipe away most of the profits when trading at any frequency. Overall taking into account all adjust-
ments, our analysis does not provide evidence that simple technical trading rules consistently generate
superior returns in a context in which they should flourish. Neither is this the case when considering
higher trading frequencies. However, we do find some evidence that from time to time technical trading
rules generate superior returns. This finding becomes stronger for higher trading frequencies and the
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1 Introduction

Technical analysis is a trading decision method that uses past prices and volume with the objective of gen-
erating superior returns. Despite this ambitious goal, its utility is strongly contested by many academics
(Malkiel, 1996) due to its head to head position with the efficient market hypothesis. Nevertheless, sur-
veys have shown that technical analysis was and still is a popular technique in the financial industry. In a
seminal paper Taylor and Allen (1992) found that 94% of foreign exchange dealers in London used some
form of technical analysis over short horizons. Subsequent research confirmed this result for foreign ex-
change market participants on all relevant trading places (Menkhoff, 1997; Menkhoff and Taylor, 2007; Lui
and Mole, 1998; Oberlechner, 2001; Cheung and Chinn, 2001; Cheung et al., 2004; Gehrig and Menkhoff,
2006). The fact that technical analysis is most heavily used on the foreign exchange market, is surprising
at first sight, since this market is dominated by professional traders for whom we can expect not to rely
on non-value creating tools. However, the market shows two characteristics making it prone for technical
analysis: First, the share of short-term (inter-dealer) trading is significantly higher than in other financial
markets (Lyons, 2001). Second, there is a plethora of competing fundamental models and this lack of a
consensus model may be a reason for the popularity of technical analysis on foreign exchange markets

(Menkhoff and Taylor, 2007).

The empirical literature on technical trading profitability has highlighted that technical trading rules are
more profitable in emerging economies and on the foreign exchange market. Park and Irwin (2004) report
almost 100 ‘modern’ studies between 1988 and 2004 and find reported annual net profits of 10-30% for
emerging markets and 5-10% for the foreign exchange market. The former could be attributed to lower
market efficiency in emerging markets due to of less intense competition, a lower number of market
participants (Lo, 2004) and the lack of sufficient publicly available information (Bessembinder and Chan,
1995). Another common argument supporting technical trading profitability is that technical analysis
could indeed had merit in any market, however over time, its profitability decreased (Olson, 2004; Qi and
Wu, 2006; Schulmeister, 2009). This decline in profitability could be the result of to a continuously increase

in market efficiency or to environmental changes suggested by the adaptive market hypothesis (Lo, 2004).

Despite the primarily reported use on short term trading, the majority of empirical research on technical
analysis is based on daily or lower frequency data whereas only 6 out of 92 reported modern studies used
intraday data Park and Irwin (2004), each of these applied on the foreign exchange market. Furthermore,

none of these studies have examined whether the applied trading frequency does affect the profitability



of technical trading rules.The shortage on empirical intraday technical trading studies thus provides an
opportunity for research. Hence, this paper contributes to the literature by performing an intraday study
on the Russian Ruble/US Dollar currency market. Given these three outlined characteristics — foreign
exchange, emerging market and intraday — previous research suggests that technical trading should have
merit in this setting. Therefore, this paper specifically tests for technical trading rule profitability based
on the Superior Predictive Ability test (Hansen, 2005) for statistical inference. Moreover, to investigate a
possible profitability shift towards higher frequencies, the tests were conducted on multiple frequencies
which were constructed out of a tick-by-tick data set. Additionally to represent real trading as much as
possible, we use the bid-ask spread for every time period to accommodate for transaction costs instead
of relying on an ad-hoc imposed and fixed spread. Our contribution to the literature is thus fourfold.
First, we analyze the profitability on the Russian Ruble/US Dollar exchange market and hence focus on
an emerging economy’s exchange rate, combining the two most promising markets in terms of profitable
technical analysis, see above. Second, our data set covers a long time span of more than ten years and
is tick-by-tick data, thus collected at the highest possible frequency. Therefore the data set allows us to
(i) observe how the profitability evolved over time and (ii) to sample the data at any desired frequency.
Third, different from most of the existing studies we can observe the best bid and ask prices, which makes
it possible to apply the real transaction costs at any point in time, even if these are time-varying. Fourth
and finally, we apply the recently developed statistical test by (Hansen, 2005) for statistical inference. In
general, our analysis does not provide evidence that simple technical trading rules consistently generate
superior returns in a context where they are argued to flourish. However, we do find some evidence
that from time to time technical trading rules generate superior returns more prevalent for higher trading

frequencies and less liquid contracts.

The remainder of the paper is organized as follows: section 2 reviews the literature on the profitability on
emerging markets and foreign exchange markets with a focus on intraday studies, section 3 describes the
data. Section 4 reveals the implemented trading rules and statistical tests, section 5 provides and discusses

the found results and section 6 concludes.



2 Literature review: sources of profitability

2.1 Evidence from emerging markets

The adaptive market hypothesis of Lo (2004) postulates the degree of market efficiency as a result of
the variety and amount of different kinds of market participants. The more diverse and the greater the
amount, the fiercer the competition and the lower the profit opportunities. Therefore based on this the-
oretical framework, we expect that profit opportunities for technical trading rules are larger and more
frequent in emerging markets as these are more exotic, less covered, and thus have a weaker competition
among market participants. Empirically this has been shown by Bessembinder and Chan (1995) and Yu
et al. (2013) who report that technical trading rules have predictive power in less developed markets. This
finding is mainly attributed to due to the domination of few market participants, the lack of adequate
publicly available information and to a lesser extent, by insider trading and heavier speculation. An addi-
tional argument for technical trading profitability is produced from more frequent and different motives
behind exchange rate interventions in emerging markets which contribute to a more favorable environ-
ment in which technical trading could flourish (Martin, 2001). This argument is further supported by
Sapp (2004) who finds that technical trading rules seem to be more profitable before and during central
bank interventions. This finding could partly explain the more frequently observed profitability of tech-
nical analysis in emerging markets as shown by Park and Irwin (2004) who report that a majority of the
empirical studies demonstrate the existence of profits in emerging markets in contrast to developed mar-
kets. Further evidence on profitability comes from Gunasekarage and Power (2001) for South-Asian stock
markets, Lee et al. (2001) for Latin-American currencies, Ming-Ming and Siok-Hwa (2006) for Asian stock
markets and Hatgioannides and Mesomeris (2007) for four Asian and four Latin-American stock markets.
More recently, also Chang et al. (2014) find evidence for the profitability of moving average trading rules
for emerging stock markets. Based on their findings they argue that less liquid stocks contribute to higher
trading rule returns. Important for our research question their finding thus implies that technical trading

rules add information and are part of the market information discounting process.

2.2 Evidence from foreign exchange markets

The foreign exchange market differs from other markets in the sense that the yearly turnover and liquidity

are tremendously, non-profit maximizing agents are present and that professional traders are by far the



most important market participant (Sager and Taylor, 2006). Strikingly in foreign exchange markets,
technical analysis is commonly known and used to some degree among professional investors (Taylor
and Allen, 1992; Lui and Mole, 1998; Oberlechner, 2001; Gehrig and Menkhoff, 2006). Moreover, previous
research reports that its importance has not decreased over time (Oberlechner, 2001; Gehrig and Menkhoff,
2006). This persistence of technical analysis suggests that technical trading strategies should have merit
and yield superior yield returns even when transaction costs and risk are accounted for. The existence
of profit opportunities for technical trading strategies has earlier been notified in the meta-study of (Park
and Irwin, 2004) which highlights that a majority of the empirical studies do report the existence of
profits in foreign exchange markets but not in stock markets. More specifically, the literature reports the
profitability of moving average trading rules in foreign exchange markets (Chong and Ip, 2009; Szakmary
and Mathur, 1997). As pointed out by LeBaron (1999), central bank interventions - more specifically
leaning-against-the-wind interventions aimed at decreasing volatility and a gradual movement towards a
new equilibrium level - could play some role for technical trading rule predictability and profitability. This
delayed adjustment could provide the required profit opportunities from which trend-following trading
rules profit (Szakmary and Mathur, 1997; Saacke, 2002). Others point out that positive technical trading
returns are highest preceding bank interventions (Neely, 2002; Sapp, 2004) or are related to the likelihood
of an intervention in the near future (Martin, 2001). However, (the likelihood of) an intervention may not
necessarily spur technical trading returns as "intervention reacts to the same strong short-run trends from which

the trading rules have recently profited."(Neely, 2002, p230)

The empirical literature on the profitability of technical analysis in the foreign exchange market is however
not fully conclusive. The large majority (63%) of performed studies does find evidence on significant
positive returns - even when accounted for risk or transaction costs - in currency markets, others find
(16%) mixed results, whereas a small fraction (21%) does not find any evidence (Park and Irwin, 2004).
More interestingly for our research, Olson (2004) found that the profitability, both in absolute as in risk
adjusted terms, of the moving average trading strategy steadily declined over time. While the strategy
was still significantly profitable in the seventies, it was often found to be still profitable but insignificant in
the eighties and eventually converged to zero returns in the nineties. Therefore, he argues that technical
trading rule profits do exist but only temporarily as a result of investors searching for inefficiencies that

disappear once they are detected and exploited.



2.3 Evidence from intraday studies

The use of technical analysis among foreign exchange dealers has been reported to be more important
for short term forecasting purposes by numerous studies (Taylor and Allen, 1992; Lui and Mole, 1998;
Oberlechner, 2001; Menkhoff and Taylor, 2007). Overall and interestingly for our research, the number
of studies that investigate the profitability of technical trading rules on an intraday basis is rather lim-
ited. One study by Osler (2000) indicates possible profitability of technical trading rules by examining
the power of support and resistance levels for several major currencies applied on a 1-minute frequency.
The support and resistance levels published by six market participants showed that intraday price trends
are significantly more interrupted at the reported support and resistance levels than at the artificial con-
structed levels. Other studies on foreign exchange markets do not find any evidence on the profitability
of technical trading rules for the major currencies on lower intraday frequencies (Curcio et al., 1997; Neely
and Weller, 2003). Neither was this the case for simple rules (Curcio et al., 1997) at a 1-hour interval, nor
for more complex constructed based on the genetic algorithm at a 30-minute interval (Neely and Weller,
2003), moreover as expected both studies find a deterioration in results after incorporation of transactions
costs. Similar results have been found for equity markets and future markets. For simple technical trading
rules, previous research has shown that these are not profitable for equity markets, not even at a high
frequency level. Tis lack of profitability has more specifically been shown for US equity markets at a 5-
minute level (Marshall et al., 2008), for Australian and Developed Asian markets at a tick-by-tick level (Raj,
2000)and for Japanese equity markets at a 5-minute frequency (Yamamoto, 2012). Despite the absence of
profitability reported in most studies above, Schulmeister (2009) studied the performance of simple tech-
nical trading rules in the S&P 500 spot and futures market on a daily and intraday basis for multiple years.
Interestingly for our research, Schulmeister (2009) reports a gradual decline in performance for technical
trading rules on a daily basis. Yet, on an intraday basis, technical trading rules seem still to be profitable,
except for very recent periods which could indicate a further increase in stock market efficiency or that

stock price trends are shifting to an even higher frequency.

3 Data

To assess the profitability of technical trading rules, we gathered tick-by-tick transaction data from the
Moscow Interbank Currency Exchange (MICEX) ranging from January 2000 till June 2011 during the

trading session taking place from 10 a.m. to 5.30 p.m. Moscow time. The data contains information on



date, time stamp to the second, price, dollar volume, ruble volume and security identity. This data meets
strongly with the outlined environmental conditions, at the same time being foreign exchange, emerging
market and intraday. Moreover, on the MICEX, market participants trading in the ruble-dollar currency
pair can opt to trade in two different contracts: one with settlement today called "'TOD’ and one with
settlement tomorrow called "TOM_old’. In 2004 a new contract was introduced with settlement tomorrow
which we call "TOM’ as a replacement for the older contract with settlement tomorrow. The latter 2 series
are closely related to one another, yet they are characterized by somewhat different underlying features.

Therefore, we opted for treating them as separate contracts and not making a single time series from these.

In summary, we were able to extract three different yet very similar ruble-dollar price series. Specifically,
TOD covers data from 2000 till 2011 whereas TOM only covers 2004 till 2011 and TOM_old only covers
2000-2004 as shown in table 1 which reports the descriptive statistics based on our hourly constructed data.
Note that contracts with settlement tomorrow are much more frequently traded than the one with settle-
ment today. For analysis purposes, we re-sampled the tick data at 10, 15, 30 and 60 minute frequencies

and matched them with the prevalent quotes.

4 Methodology

4.1 Technical trading rules
41.1 Moving average trading rule

The moving average trading strategy is one of the most popular trading rules used in technical analysis
(Taylor and Allen, 1992) while at the same the also one of the most vastly tested ones in academic research
(Park and Irwin, 2004). The argument behind moving averages is that investors can exploit the underlying
price trend shown by the trading rule by flattening price fluctuations over time. Even though many
variants of moving average trading rules, such as simple moving averages, weighted moving average, and
exponentially weighted moving averages, exist, for the sake of computational effort we restrict ourselves

to simple moving average trading rules as shown below.

1
SMAr,t = Z b, (1)
"3



suoT[[Iw uj,
0001 » UIN3a1 807,

V40468  ¥0'9TT'T$  01'T8GTS  GLL08'SS  96'8€5°S$  19978F$ GT819°e 87°'£98'C$ awmjoa 3urpen
0ccel 6€9°L1 99LF1 6¢C’0C 9Feel 1¥7°0¢ 048°¢T 9IT'vE SISO3NY
0€4°0 2660 1640 9911 900°1- 669°'1- L¥0°0 ¢L9T- SSOUMINS
6941 Eraard 120°¢ 6€0°C 0280 8¢80 G980 0890 pis
6¥0°0- 0000 080°0- 1700 0000 0000 $00°0 00070 uerpawt
¢ero- 00 ¥01°0- 101°0 €70°0- S¥0°0- 9100 8¢0°0- ueawr
[45 44! GLLTT G80°£C €80'61 £96'¢ S9LY 8¢€'9 004£'s Xeur
¥0¢'8- 8G¥'11- 650'61- 886'G1- vl 911’8~ S1y'9- 298'9- unu
110C 010C 600¢C 800¢C £00¢ 900¢ S00C ¥00¢C €00¢ <00C 100C 000¢
OL D [Pued
68716$ GEFCS T L0GOL'TS  99°6€CT$  ¥S66T°T$ awmnjoa Jutpen
9GT'11 ¥20°L0¥ 881°'99¢ 8¢€°20¢ veey SISO3MY
iy o- 9%¥°0 Elat 181°0- 80¢'1 SSOUMINS
020 861°1 7¥6°0 19471 99¥°¢C pis
0000 0000 0000 0000 0000 uerpawr
€10°0- Lv00- G200 8700 2200 uesawt
6¥1'¢ yee6e c0g'6l 0997ce L0€vC Xewr
°L6'E- 0€8'8¢- cee LT 606'CE- YELTT- unu
110C 010C 600¢ 800¢C £00¢ 900¢ G00C ¥00¢ €00¢ <00C 100C 000¢
PI0"NOL *d [Pued
16'12C$ 18'99.$ 75°988$ L1'819'C$  LG'G8T'C$  08'8TLT$ 89 L6VTS £€8'708$ S£99% S0°0€$ 69'6C$ 29'9€$ g Swanioa Surpen
£29¢°€l €871 G0¥'81 88T°Z1 £9T°01 180°¢T LTE6 10T61 qer'9 6491'8 1668 8¥¢'LC SISO3INY
S08°0 €qr'l £66°0 G6¢'l 6¢8°0- Sye1- a4y 01e'T- 160°0 61C'1 980°'1 6¥e'€ SSOUMDS
80C'C G99°C 1€9°¢ 616'C vl €T'1 1ev'l ve'l 29’1 €490 0860 896’1 pis
0000 0000 €80°0- Y00 0000 0000 0000 0000 1v0°0- €000 €000 €490°0- uerpawr
861°0- 1€0°0 €a10- 810 azZ0°0- 22070~ £200 ¢L0°0- 0¥¢0- G600 9¢1'0 180°0 ueswt
68871 9¥6'0C 619°¢e 840°¢C yee's i 896'8 €029 2089 436’ ¥60'S 60C’ LT Xewr
€99'8- S16'Cl- €6¢'1¢ £9C'91- €Ce L 091°8- ¢q0L- 19911~ L1T L 696'1- [ [t p U
110C 010C 600¢ 800¢C £00¢ 900¢ G00C ¥00C €00¢ <00C 100C 000¢
dOL -V [Pued

sonspe)s Arewrwng :1 a[qer,



1 S
LMAs,t - g Z P (2)
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With SMA and LMA being the short and long moving average respectively, P; being the exchange rate at
time time, r and s being the lag of the short and long moving average. For the given trading days short
moving averages and long moving averages are computed as stated by equation 1 and 2. Moving averages
trading rules imply that when the short moving average exceeds the long moving average the trader takes
a long position. Contrary, when the short moving average is smaller than the long moving average, the
trader takes a short position. The total number of considered moving average trading rules equals 4950

given that the maximum lag of the SMA and LMA is set at 99 and 100 respectively.

4.1.2 RSI

The RSI or relative strength indicator is an oscillator proposed by Wilder (1978) and is claimed to measure
the relative strength of a security against itself. The indicator values of the RSI swing between 0 and
100 and are used to pinpoint overbought and oversold periods for a particular security. Whenever the RSI
drops below a certain benchmark, for example 30, the security is considered being oversold and as a result
a buy signal is generated. Likewise, whenever the RSI is above a certain threshold, for example 70, the
security is considered overbought and as such a sell signal is generated. The following equations define

the RSI.

RSI =100 — 100/ (1+ RS) 3)

RS = AUC/ADC (4)

With AUC (ADC) being the average up (down) closes of x periods. The RS is calculated using the average
of a past period. Wilder (1978) suggests a 14-period average to smooth the time series. However, this seems
to be an ad-hoc measure and it is not clear not clear why it should be preferred over other parameters.
Additionally, the upper and lower levels used to measure overbought and oversold areas are ill defined as

well, although upper levels of 70 and 80 are commonly cited together with lower levels of 20 or 30. In this



study we calculated the RSI with 100 different periods to average upon. These different relative strength
indicators are set against 30 different upper and lower levels to generate buy and sell signals which leads

to a total of 3069 different RSI trading models to be tested in the study.

4.2 Returns and transaction cost

The trading rule returns were calculated as the logarithmic difference of two consecutive trading prices

possibly adjusted with the current observed spread conditional on having a trading signal.

ki1 = In [Pt+1 + hsy * Dk,t-&-l} —In [Pt + hsy % Dk,t] 5)

Where ry; is the kth at time t+1, P, the mid-price at time t, Jis the observed and half of the spread which
we use as our best estimate for the transaction cost and Dy, the kth trading rule trade direction at time
t. Previous literature documented bid-ask spreads of around 0.05% and 0.08% for the German mark, the
Japanese yen, the Swiss franc, and the British pound (Bessembinder, 1994). Cheung and Chinn (2001) also
estimate the bid-ask spread to be 0.05% for the British pound and the Swiss franc and 0.03% for German
mark and the Japanese yen. Also, Neely et al. (1997) report a 0.05% transaction cost to be realistic. First of
all, our research however, covers a much less traded and liquid and more volatile currency pair deemed to
have a larger spread. Secondly, instead of relying on a fixed spread over the whole sample, we preferred
using a time-varying spread in order to replicate the real trading environment as much as possible. This
thus reflects market improvements over the long run which contributes to lower spreads. Additionally,
temporarily spread increases due to uncertainty or liquidity scarcity are also incorporated in the data.

Trading signals that were generated during times of uncertainty are thus punished more by the spread.

4.3 RC and SPA test

The Reality Check Test by White (2000) tests whether the best model found has predictive power compared
to a benchmark model taking into account the full universe of tested models. This test thus enables to
quantify the amount of data snooping present. As a starting point, the methodology requires to formulate
a performance statistic, fi, as shown in equation 6 where b; represents the benchmark return at time t,

which is in turn compared to an estimate of the asymptotic distribution of the performance statistic.

10



frr =Tir — bt (6)

Where 1y is again the trading rule profit either with or without transaction cost adjustment. The null
hypothesis states that the performance of the best rule found in the full universe of all tested rules in

excess of the used benchmark is not greater than zero.

Hop : max {E(fi)} <0 )

The Reality Check directly constructs the asymptotic distribution by re-sampling the performance statis-
tic using the stationary bootstrap proposed by Politis and Romano (1994) for each of the k models and
define the computed series as f;,. An estimate of the distribution N (0,Q)) can be created by repeat-
edly re-sampling the performance statistic since v/N * (7k,i - fk) NG (7k,i - I/lk) when N — oo
(Politis and Romano, 1994) and /N * (7,(,1- - ],tk) converges to N (0,Q)) when N — oo with py = 0 in

conformance with the imposed least favorable configuration (White, 2000).
TRC = max {\/N*]?k} 8)

TRC = max {\/ﬁ* (?k,i - 7,()} ©9)

k=1—L

White’s Reality Check test offers a great improvement for mitigating data snooping when looking for a
superior forecasting trading rule or model. However, Hansen (2005) argues that White’s methodology
incorporates some weaknesses. He argues that the p-values from the test can easily be inflated and
manipulated by adding new, poor models to the universe of the tested models. Therefore, he suggests
two modifications to the framework of the Reality Check test to accommodate this. The first modification
encompasses studentizing the test statistic which allows comparing all the different models in terms of

units of standard deviation.

TS PA

= max [ max M,O} (10)

k=1—-L O
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The second modification constructs a null distribution dependent on the data to ensure that the influence
from the poor alternative models is reduced .Therefore Hansen proposes to mitigate the influence of the
worst performing trading rules by centering them around themselves while keeping the influence of better
performing trading rules on the p-value. The separation between the worst and better performing trading
rules is done by comparing the average return over the benchmark to a certain threshold as was proposed

by Hansen (2005) and shown in equation 13.

VN *Zy;
TiSPA = max [ max ikk’l,O] 11)
k=1—L Ok
With
Zii = Fii—hx (F) (12

Where hy equals either, h, h;, or h, which represents the three different, consistent, lower bound, and

upper bound, SPA p-value estimators.

I (7k) _ fidf fr> - z %2 xloglog N )
0if f, < —y/ & *2xloglogN

i (fi) = max (0,7, (14)

h (F) =0 (15)

Finally, we set the amount of bootstraps equal to 1000 and q equal to 0.2 which equals an average block

length of 5 1.

1Sullivan et al. (1999) used q equal to 0.1 and performed 500 bootstraps and report that results are insensitive on the choice of the
block length parameter

12



5 Results

5.1 Zero return benchmark

We start our discussion with the found results, as shown in table 2, based on a zero return benchmark
without incorporating any transaction costs. Here we have investigated the in-sample performance in
terms of return, the amount of transactions made and the accompanying lower, upper and consistent p-
values from the SPA-test. When analyzing this table we can state that an increase in the trading frequency
at which technical trading rules are performed both has an advantageous effect on the realized return
as on its significance. Specifically, we find that at a 60-minute trading frequency, the consistent p-values
are significant at a 10% level for 5 out of 12 years. When we further increase the trading frequency up
to 30-minute intervals, the number of significant values increase to 8 at a 10% from which 4 remain even
significant at 1% significance level. At a 15-minute intervals, the results strengthen even more. In this case,
a total of 9 technical trading rule returns are found that significantly have outperformed the zero return
benchmark. At the highest frequency, a 10-minute trading frequency, again 9 technical trading rule returns
are found being significantly larger than 0 at a 10% significance level. Moreover, the previous found result
further improve in terms of the further reduction of the p-values. In absence of transaction costs, we thus
find that technical trading rules can exploit the market’s incomplete and lagging information processing,
especially in very short terms. Additionally we can state that in absence of transaction costs, the relative
strength indicator tends perform slightly better than the moving average trading rule. Remarkably, the
results indicate that an imposed 60-40 level, or close-by, tends to perform well for any trading frequency

in many years.

Besides the found increase in profitability and significance of the trading rules, we also find an increasing
trend in the the amount of performed transactions each time the trading frequency is shortened. There-
fore, the results could be biased and not representative for a real trading environment. To accommodate
this problem, we apply a transaction cost gathered from the observed bid-ask spread in our subsequent
analysis. Overall we find that, incorporating the transaction costs deteriorate the best trading rule return
to a great extent, as shown in table 3 which reports the best trading rule with its accompanying return,
number of transactions and its lower, upper and consistent p-values from the SPA-test. As expected, im-
posing transactions costs estimated based on the quoted spread largely reduce the trading rule returns.
Specifically, we find at a 60-minute trading frequency that the consistent p-values are significant at a 10%

level for 1 out of 12 years. When we increase the frequency up to 30-minute intervals, the number of

13



significant values increase to 3 at 10% significance level, whereas on a 15-minute intervals, the results
deteriorate. In this case, only 2 technical trading rules are found having significantly outperformed the
zero return benchmark. At the 10-minute trading level, the results improve again with a total of 4 signif-
icant trading rule returns. We thus can conclude that the lack of incorporating transaction costs in our
previous analysis mostly explains the previous found increase in significant returns. Overall, the results
are far less outspoken compared the the analysis above, and technical trading rule returns do not yield
significantly better returns in most cases. Nevertheless, we do find that on occasion technical trading rules
do yield superior returns which is more pronounced for shorter horizons. With respect to the selected
trading rule, the relative strength index remains the mostly selected trading rule. However, compared to
the results without transactions costs, trading rules which generate less trading signals are now mostly se-
lected despite the considered trading frequency. This finding remains when analyzing higher frequencies,

nevertheless, higher frequencies tend to provide somewhat more active trading rules.

5.2 Robustness check

5.2.1 Buy and hold benchmark

As there is no agreement in the literature (Park and Irwin, 2004) which benchmark to use, we additionally
apply a second benchmark as the previous found results may be sensitive to the chosen criterion. For
our subsequent analysis we opt to apply the widely used buy-and-hold benchmark to test the robustness
of the reported results. Our analysis is reported in table 4 which again reports the best found trading
rule with its accompanying returns, the number of transactions and its lower, upper and consistent p-
values from the SPA-test. The results, without transaction cost adjustments based on this benchmark
are in general in line with those of the zero return benchmark. Here again we find that higher trading
frequencies tend to have an advantageous effect on the realized return and on its significance. Specifically,
we find that at a 60-minute trading frequency, the consistent p-values are significant at a 10% level for 6
out of 12 years. When we further increase the trading frequency up to 30-minute intervals, the number
of significant values increase to 7 at a 10% from which 4 remain even significant at 1% significance level.
At a 15-minute intervals, the results strengthen even more. In this case, a total of 8 technical trading
rule returns are found that significantly have outperformed the zero return benchmark. At the highest
frequency, a 10-minute trading frequency, 10 technical trading rule returns are found being significantly

superior at a 10% significance level. Moreover, the previous found result further improve in terms of the

14



further reduction of the p-values.

Both the trading rule returns as the performed transactions of the best found trading rule decline when
accommodating for transaction costs as can be seen in table 5. The consistent p-values are significant at
a 10% significance level for 4 out of 12 years. At 30-minute intervals, the number of significant values
deteriorate to only 3 significant returns at a 10% level. When increasing the frequency to 15-minute
intervals the results slightly improve to a total of 4 significant returns . At a 10-minute level, the previous
found result improves to a total of 6 significant found results at a 10% level. These results confirm that the
benchmark choice does not greatly alter our previous found overall conclusion with respect to the increase
in the profitability, the significance of the trading rules as well as the performed transactions when higher
frequencies are covered. These findings thus indicates that the found results with respect to the trading

frequency level are robust irrespective of the chosen benchmark.

5.2.2 Contract type

Additionally we further check whether the results remain robust, in terms of transaction costs and bench-
mark choice, when applied to other contracts that are traded on the MICEX. Starting with the contract
"TOM_old” which was traded from 2000 till 2004, we do find similar results as reported before. In absence
of transaction costs and based on the zero return benchmark, we observe a large increase in the realized
return as in the amount of performed transactions. On top of that, we observe that already at the lowest
frequency, 4 out of 5 results are already significant. However, transaction cost adjustments alter the results
to a large extent. In this case, none of the trading rule returns are found being significantly superior except
in the year 2001 in case of the two highest trading frequencies. These findings remain even when we apply

the alternative buy-and-hold benchmark 2.

The results are similar in case we analyze the results for another alternative contract "TOM’. Again, irre-
spective of the chosen benchmark, we find significant trading rule returns for most years which become
more pronounced at higher trading frequencies. The effect of the imposed transactions costs is again
similar to what is observed before. Transaction costs lead to the selection of less active trading rules and
largely decrease the profitability and significance. In case of the zero return benchmark, we do not find
evidence that technical trading rules can yield superior returns. This lack of profitability may be devoted

to the amount of trading volume related to this contract. As this is the most frequently traded contract,

2Results are available upon request.
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prices may adjust more quickly on news arrivals compared to the other contracts. As trading rules are

lagging indicators, they may become to slow and no longer able to exploit delayed information processing.

5.2.3 Lag length sensitivity

In a last step, we investigate whether the choice of the block length affects our results based on our
baseline block length. We therefore test for robustness by applying ten different block lengths on hourly
data evaluated at two different benchmarks both with and without accounting for transaction costs.Table
10, 11, 12 and 13 report the consistent, upper and lower bound SPA p-values using different block lengths.
For any given year based on the zero return benchmark without considering transaction costs, the found
consistent p-values remain fairly close to one another and only differ by a maximum of 5 percentage points
in the year 2010. The adjustment for transactions costs nor a change in the chosen benchmark alter our
previous findings. The reported p-values thus remain robust for any given year and for any benchmark.
Overall, our results support the finding that the found p-values are robust for any chosen block length.
The robustness regarding the lag length thus corroborates with the results by Sullivan et al. (1999) and
Qi and Wu (2006) who applied alternative smoothing parameters of 0.01, 0.1 and 0.5 and of 0.1 and 1

respectively.

6 Conclusion

Professional investors widely put their faith in technical analysis to obtain superior returns (Taylor and
Allen, 1992; Lui and Mole, 1998; Cheung and Chinn, 2001; Menkhoff and Taylor, 2007), yet evidence on the
profitability in the literature is not fully conclusive. Previous evidence suggest that technical trading has
more merit in emerging markets, in foreign exchange markets (Park and Irwin, 2004) and in ever higher
frequencies (Schulmeister, 2009). First, we contribute to the literature by incorporating all three aspects at
the same time. Second, we use a time-varying transaction cost instead of relying on a fixed estimate. Third,
we assess the profitability of technical trading rules on different trading frequencies. By assessing both
the moving average and relative strength indicator trading rules against both the buy-and-hold and zero
return benchmark while accounting for data snooping and transaction costs on three separate yet highly
similar contracts. In our study we conclude that initially, the results that a higher frequency level provides
a better opportunity for technical trading strategies for all the investigated contracts. However, most of

the increase in returns seems to be the result of much more frequent trading. As a result, the trading rule
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returns deteriorate and are found to not significantly outperform their benchmark when accounted for
transaction costs. This is especially the case for the second (TOM_old) and third (TOM) contract which
are both more frequently traded and more liquid. Overall we conclude that simple technical trading rules
do not consistently generate superior returns in a context where they are argued to flourish. However,
we do find some evidence that from time to time technical trading rules generate superior returns. This
finding becomes stronger for higher trading frequencies and the least liquid contract (TOD). A possible
explanation could be the lower liquidity and less frequent trading leading to a slower price discovery
process for this contract. Hence future research could further investigate the role of liquidity and the

effect of order flow on market efficiency on technical trading profitability.
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Table 10: Overview robustness p-values

year / block 1 2 3 4 5 6 7 8 9 10
length
2000 0200 0,189 0,205 0212 0203 0,194 0191 0,199 0,193 0,209
2001 0,030 0024 0,028 0031 0032 0031 0032 002 0,033 0,030
2002 0,041 0036 0,037 0038 0,045 0,037 0,041 0,044 0,037 0,036
2003 0179 0187 0,169 0172 0,184 0,175 0,18 0,183 0,174 0,185
2004 0,017 0,011 0,013 0008 0,013 0010 0,011 0,012 0,016 0,012
c 2005 0,000 0,000 0,000 0001 0,000 0000 0001 0,001 0,000 0,000
2006 01% 0201 019 0177 0,190 0,211 0,191 0,213 0,211 0,193
2007 0,118 0,103 0,104 0,109 0,115 0,122 0,118 0,108 0,094 0,127
2008 0215 0212 0,201 0218 0232 0221 0215 0,211 0220 0,227
2009 0,102 0,09 0,082 009 0,111 0,101 0,099 0,092 0,106 0,106
2010 0266 0220 0,237 0237 0249 0248 0254 0,248 0,248 0,270
2011 0509 0501 0505 0504 0536 0518 0526 0505 0,510 0,505
2000 0175 04171 0,19 0,192 0,181 0175 0,172 0,181 0,168 0,185
2001 0,024 0,018 0,023 0,026 0,025 0024 0,02 0019 0,027 0,021
2002 0,034 0031 0,029 003 003 0029 0031 0,033 0,027 0,028
2003 0,143 0,153 0,128 0,128 0,138 0,133 0,148 0,142 0,128 0,141
2004 0,016 0010 0,013 0008 0012 0,010 0011 0,010 0,016 0,012
1 2005 0,000 0,000 0,000 0001 0,000 0000 0001 0,001 0,000 0,000
2006 0162 0,163 0,55 0,142 0,147 04171 0,158 0,168 0,175 0,157
2007 0,094 0084 0,081 008 0,099 0101 0,093 0,085 0,075 0,099
2008 0163 0,157 0,146 0,158 0,166 0,166 0,161 0,156 0,166 0,159
2009 0,080 0073 0,072 0074 0,09 0,079 0075 0,068 0,083 0,089
2010 0226 0,187 0,209 0206 0218 0,210 0213 0,212 0,209 0,234
2011 0449 0438 0436 0437 0461 0440 0456 0439 0448 0437
2000 0,200 0,189 0,205 0212 0,203 0,194 0,191 0,199 0,193 0,209
2001 0031 0026 0,028 0034 0033 0,032 0032 0027 0,034 0,033
2002 0043 0,044 0,044 0044 0049 0,041 0047 0,049 0,041 0,039
2003 0,180 0,188 0,170 0,172 0,184 0,175 0,18 0,183 0,174 0,185
2004 0,018 0,011 0,013 0008 0,013 0011 0,011 0,012 0,017 0,012
u 2005 0,000 0,000 0,000 0001 0,000 0000 0001 0,001 0,000 0,000
2006 0201 0203 019 0181 0,194 0,217 0,19 0,217 0,219 0,197
2007 0,123 0,08 0,110 0,112 0,116 0,126 0,122 0,109 0,098 0,131
2008 0216 0214 0,201 0220 0,233 0222 0215 0212 0221 0,227
2009 0,102 0,09 0,082 009 0,111 0,101 0,099 0,092 0,106 0,106
2010 0267 0221 0,237 0238 0249 0249 0254 0,248 0,248 0,270
2011 0509 0501 0505 0504 0536 0518 0526 0,505 0,510 0,505

This table provides the consistent, lower and upper p-values from the SPA test for different
average block length selections using the zero return benchmark without adjustments for

transaction costs.
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Table 11: Overview robustness p-values

year / block 1 2 3 4 5 6 7 8 9 10
length
2000 0322 029 0,282 0264 0300 0277 0311 029% 0,287 0,309
2001 1,000 0998 1,000 1,000 1,000 1,000 1,000 0999 0,999 1,000
2002 0,768 0,775 0,760 0,770 0,758 0,754 0,750 0,760 0,750 0,742
2003 0,041 0044 0,038 0049 0,041 0046 0046 0,048 0,042 0,040
2004 0,011 0,010 0,008 0,008 0,004 0,007 0006 0,013 0,007 0,002
c 2005 0,033 0021 0,022 0025 0,027 003 0025 0,025 0,027 0,029
2006 0025 0022 0,024 0026 0033 0,029 0025 0,028 0,027 0,031
2007 0013 0,013 0,009 0020 0014 0,011 0013 0,019 0,009 0,016
2008 0926 0942 0925 0927 0924 0910 0929 0937 0,927 0919
2009 0,044 0043 0,059 0044 0,046 0,050 0,040 0,064 0,050 0,043
2010 0370 0375 0377 0376 0366 0340 0394 0377 0388 0,349
2011 0,168 0,155 0,162 0,168 0,166 0,164 0,18 0,176 0,175 0,162
2000 0309 0282 0273 0250 0,28 0263 0297 0281 0272 0,298
2001 0958 0960 0962 0951 0957 0951 0951 0966 0,956 0,962
2002 0475 0487 0484 0493 0476 0447 0456 0486 0453 0,443
2003 0,041 0,044 0,038 0049 0,041 0,046 0046 0,048 0,042 0,040
2004 0,010 0,010 0,008 0,008 0,004 0,007 0006 0,013 0,007 0,002
1 2005 0,018 0,018 0,015 0016 0,019 0018 0016 0,017 0,014 0,014
2006 0,025 0,022 0,024 002 0,033 0029 0,024 0028 0,027 0,031
2007 0,013 0013 0,009 0020 0,014 0011 0,013 0,019 0,009 0,016
2008 0746 0,761 0,751 0,741 0,739 0,731 0,747 0,764 0,764 0,744
2009 0,042 0,042 0,058 0,042 0,045 0,049 0039 0,062 0,048 0,042
2010 0330 033 0332 0329 0329 0309 0365 0333 0351 0,327
2011 0,168 0,153 0,162 0,166 0,165 0,164 0,187 0,176 0,175 0,161
2000 0322 029 0,282 0264 0300 0277 0311 029% 0,287 0,309
2001 1,000 0998 1,000 1,000 1,000 1,000 1,000 1,000 0,999 1,000
2002 0821 0821 0817 0829 0822 0,797 0800 0,818 0,801 0,795
2003 0,041 0044 0,038 0049 0,041 0046 0046 0,048 0,042 0,040
2004 0,011 0,010 0,008 0,008 0,004 0,007 0006 0,013 0,007 0,002
u 2005 0,035 0022 0,024 0026 0,029 0034 002 0026 0,031 0,033
2006 0025 0,022 0,024 0026 0033 0,029 0025 0,028 0,027 0,031
2007 0013 0,013 0,009 0020 0014 0011 0013 0,019 0,009 0,016
2008 0926 0942 0926 0930 0924 0911 0929 0938 0,929 0,921
2009 0,044 0043 0,059 0044 0,046 0,050 0,040 0,064 0,050 0,043
2010 0370 0375 0377 0376 0366 0340 0394 0377 0388 0,349
2011 0168 0,155 0,162 0,168 0,166 0,164 0,18 0,176 0,175 0,162

This table provides the consistent, lower and upper p-values from the SPA test for different
average block length selections using the buy-and-hold benchmark without adjustments for

transaction costs.
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Table 12: Overview robustness p-values

year / block 1 2 3 4 5 6 7 8 9 10
length
2000 08% 0892 0897 089% 089 0886 0888 0,88 0,899 0,898
2001 0,064 0,061 0,066 0060 0,05 0,056 0060 0,063 0,070 0,074
2002 0405 0397 0427 0414 038 0417 0420 0422 0412 0414
2003 0220 0231 0,243 0241 0237 0216 0229 0235 0,222 0,221
2004 0406 0369 0387 038 038 0400 0399 0392 0378 0,390
c 2005 0321 02% 0320 028 0313 0293 0311 029% 0298 0,298
2006 0335 0341 0346 0349 0341 0342 0346 0345 0338 0,360
2007 0131 0,136 0,143 0,132 0,164 0,148 0,148 0,142 0,146 0,133
2008 0264 0269 0266 0260 0277 0264 0275 0259 0259 0,259
2009 0184 0175 0,174 0,184 0,179 0,169 0,154 0,171 0,161 0,162
2010 0267 0289 0278 0272 0,278 0264 0256 0,267 0,257 0,286
2011 0616 0615 0587 0614 0608 0,609 0612 0604 0614 0,603
2000 0,764 0,751 0,752 0751 0,758 0,757 0,754 0,755 0,756 0,770
2001 0,028 0,030 0,034 0033 0,027 0023 0,031 0028 0,039 0,041
2002 0240 0,227 0,240 0242 0218 0,237 0,234 0232 0244 0,234
2003 0,158 0,164 0,168 0,171 0,15 0,141 0,150 0,156 0,149 0,152
2004 0229 0210 0,213 0216 0228 0,216 0222 0,222 0212 0,225
1 2005 0,205 0,188 0,191 01161 0,18 04171 0,178 0,173 0,172 0,182
2006 0220 0222 0,228 0224 0220 0225 0219 0233 0219 0,238
2007 0,09 0,09 0,108 009 0,121 0,113 0,108 0,104 0,102 0,096
2008 0,164 0179 0,167 0173 0,190 0,170 0,187 0,178 0,170 0,167
2009 0,144 0,137 0139 0,142 0,137 0,135 0,122 0,135 0,120 0,129
2010 0215 0,218 0,228 0216 0216 0209 0199 0205 0212 0,223
2011 0487 0465 0444 0486 0471 0469 0459 0464 0475 0470
2000 0944 0941 0945 0944 0939 0943 0934 0929 0940 0,943
2001 0,155 0,151 0,15 0,139 0,137 0,141 0,137 0,153 0,155 0,146
2002 0683 0679 0,700 0678 0664 0679 0676 0,674 0,675 0,673
2003 0223 0233 0,245 0244 0239 0217 0231 0235 0224 0,222
2004 0,654 0,660 0661 0658 0646 0673 0,653 0664 0,659 0,661
u 2005 0432 039 0418 0387 0413 0402 0407 0400 0395 0,389
2006 0404 0402 0423 0423 0409 0412 0409 0418 0418 0,430
2007 0,165 0,166 0167 0,159 0,199 0,178 0176 0,173 0,173 0,163
2008 0270 0276 0,273 0267 0,284 0269 0279 0265 0,268 0,265
2009 0187 0179 0175 0,188 0,182 0,171 0,155 0,175 0,164 0,164
2010 0280 0301 0,28 0286 0291 0276 0267 0281 0,267 0,297
2011 0624 0627 05% 0625 0617 0618 0,618 0617 0,625 0,612

This table provides the consistent, lower and upper p-values from the SPA test for differ-
ent average block length selections using the zero return benchmark with adjustments for

transaction costs.
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Table 13: Overview robustness p-values

year / block 1 2 3 4 5 6 7 8 9 10
length
2000 0650 0659 0641 0663 0,625 0,663 0675 0,667 0,633 0,662
2001 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000
2002 1,000 1,000 1,000 1,000 1,000 0999 1,000 1,000 1,000 1,000
2003 0,054 0063 0,046 0052 0,043 0056 0,050 0,047 0,048 0,055
2004 0146 0138 0,119 0128 0,117 0,139 0,113 0,134 0,106 0,124
c 2005 0,651 0655 0,663 0653 0,681 0676 0,656 0,677 0,670 0,639
2006 0,063 005 0,053 0053 0047 0,053 0055 0,049 0,051 0,048
2007 0,014 0,014 0,014 0023 0,023 0012 0,011 0,018 0,022 0,024
2008 0945 0928 0941 0964 0930 0937 0935 0953 0,940 0,938
2009 0,059 0082 0,077 0065 0,071 0064 0,072 0,068 0,076 0,078
2010 0373 0370 0,38 0397 0373 0363 0374 035 0406 0,389
2011 0,183 0210 0,200 0,198 0219 0,201 0,202 0,203 0,213 0,209
2000 0577 0586 0571 0583 0569 0577 0591 058 0,559 0,585
2001 0899 0921 0903 0925 0902 0913 0911 089 0895 0915
2002 0914 0891 0903 0911 0899 0905 0912 0901 0910 0,882
2003 0,054 0063 0,046 0052 0,043 0,056 0050 0,047 0,048 0,055
2004 0,104 0,107 0,097 0,101 0,087 0,09 008 0,103 0,074 0,096
1 2005 0439 0479 0447 0487 0473 0471 0467 0478 0492 0454
2006 0,061 0054 0,051 0046 0,047 0,049 0053 0,046 0,049 0,044
2007 0,014 0014 0,014 0023 0,022 0012 0,011 0,018 0,022 0,023
2008 0713 0679 0,715 0,744 0,700 0,708 0,715 0,710 0,689 0,717
2009 0,059 0,078 0,075 0,060 0,069 0,063 0070 0,066 0,071 0,076
2010 0320 0316 0329 0337 0324 0304 0339 0315 0352 0,349
2011 0175 0,197 0,19 0,19 0,206 0,197 0,197 0,200 0,206 0,205
2000 0710 0,728 o0O/711 0,738 0,711 0,733 0,746 0,729 0,714 0,738
2001 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000
2002 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000
2003 0,054 0063 0,046 0052 0,043 0056 0,050 0,047 0,048 0,055
2004 0,181 0,166 0,153 0,164 0,146 0,167 0,153 0,165 0,138 0,156
u 2005 0,708 0,710 0,727 0,703 0,739 0,717 0,714 0,730 0,731 0,698
2006 0,064 0060 0,055 0055 0,048 0055 0056 0,049 0,052 0,048
2007 0,014 0015 0,014 0023 0024 0,013 0012 0,018 0,022 0,025
2008 0947 0934 0945 0966 0943 0940 0948 0957 0,947 0,946
2009 0,059 0,082 0,077 0065 0,071 0064 0,072 0,068 0,076 0,078
2010 0376 0373 0391 0399 0382 0368 0379 0361 0412 0,391
2011 0,183 0210 0,200 0,198 0,219 0201 0202 0,203 0213 0,209

This table provides the consistent, lower and upper p-values from the SPA test for different
average block length selections using the buy-and-hold benchmark with adjustments for

transaction costs.
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