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Abstract. Several recent studies have demonstrated the profitability of technical analysis
by simulating certain trading rules over a very long period of daily foreign exchange
rates. In this paper, we use filter rules identified and supplied by technical analysts on the
intra-daily foreign exchange market. We provide evidence that, although some profits
could be made by following these rules in periods of trends, this was not the case on
average. Our results are further strengthened when we incorporate transaction costs. We
also simulate some of the rules used in previous studies and show that they would not be
profitable when applied to our intra-daily data set.
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1. Introduction

Ever since Dow created the first market indicators in the late 1800s, technical analysis
has been at the centre of a debate between professionals operating in financial markets
and academic economists. The latter argue that with aturnover of more than 1 trillion US
dollars traded around the world every day, it is highly improbable that the foreign
exchange market is not at least weakly efficient. Systematic opportunities to make profits
based the analysis of past prices should be rapidly eiminated by arbitrage. More
specifically, if a group of traders were to base their expectations on the extrapolation of
past price trends, thereby reinforcing them, rational traders could always take a profitable
speculative position based on the fundamental value, to which the exchange rate should
ultimately return. In the long run, these rational traders would drive the others out of the

market.

Recently, however, several researchers have overcome the natural skepticism of
academics towards technical analysis in order to investigate its usefulness. Taylor and
Allen (1992) surveyed more than 200 traders on the London foreign exchange market -
by far the largest - and found that the use of technical analysis increases with the
frequency of trading. In particular, chartism is the main forecasting tool of intra-daily
traders. Several other studies, including Brock et al. (1992) and Levich and Thomas
(1993), have tested the potential profitability of some technical rules. Using bootstrap
methods to evaluate the significance of their results, they usually found that, with daily
observations, the rules they ssmulated would have generated some profits. In addition to
providing some rationale for the actual use of technical analysis in the markets, these
results could be explained on the following grounds. First, from a statistical perspective,
the existence of profit-making rules might be explained by the more complex, nonlinear
dynamics observed in foreign exchange rates (Hsieh, 1989; Guillaume et al., 1995).
Second, it is not necessarily true that sufficient fundamental traders willing or able to

take speculative positions against those using technical analysis might exist. It might



well be that traders do not have sufficient liquidity or are not permitted by ther
ingtitutions to take open positions for the long periods which could be needed in the
event that exchange rates wander away from their fundamental values for long periods of
time (I.M.F., 1993). Third, the existence of other types of traders, such as central
bankers, who have quite different objectives, may be at the origin of inefficienciesin the

foreign exchange markets (LeBaron, 1996).

However, these studies share a number of drawbacks. First, it is yet to be shown that the
profits exhibited would remain if the tests were conducted on time periods shorter than a
couple of years. But, traders cannot afford to make losses during a couple of months or
years even if in the extremely long run their strategies make profits. Moreover, such long
periods would be in contradiction with the study of Taylor and Allen (1992) referred to
above, where it was shown that technical analysis was mainly used in the very short run.
Second, and using the same line of reasoning, those studies make use of daily
observations whereas the bulk of foreign exchange trading - more than 75 % according
to the 1996 Bank for International Settlements survey - takes place within the day; that
is, between dealers and/or brokers. Third, some of these studies such as the one by Brock
et al. (1992) do not incorporate transaction costs in the computation of their profits.
Finally, these studies involve ex-post simulations of trading rules potentially used by
traders. There is however no evidence that these rules are the ones actually used by

traders. They represent only afew of avery large set of possible trading rules.

Goodhart and Curcio (1993) tried to meet this last criticism by running the following
experiment. They took some students whom they divided into two groups, the first group
having to trade with no external technical advice whereas the second set could rely upon
the service of an existing chartist program. Although the second group did not make
excess profits, they had a considerably lower variance of profits. Although it yielded
interesting insights, this experiment was only a single shot. In the present paper, we dedl
with the above short-comings by using buy and sell signals derived from technical rules

reported by traders to Reuters. We then investigate whether intra-day trading according



to these technical indicators would yield profits. For comparative purposes, we also
simulate some of the rules reported in previous studies using our intra-daily data set.
Furthermore, the computation of profits is corrected to take account of transaction costs.
Our main result is that even when transaction costs are not taken into account, it is on
average not profitable to trade according to these rules, although excess returns can be

made in periods of strongly trending exchange rates.

The remainder of this paper is divided as follows. In the next section, details on the data

and methodology are given. We report our results in Section 3 and give some concluding
remarksin Section 4.



2. Data and M ethodology

2.1 The Data

Our data consists of two samples, the first covering the period from 10 April 1989 to 29
June 1989 and the second running from 31 January 1994 to 30 June 1994. For each
sample we have a tick-by-tick FXFX quotation series for the Mark (DEM), Yen (JPY)
and Pound (GBP) against the US dollar (USD) plus observations on support-resistance
and HIGH-LOW trading ranges downloaded from the Reuters FXNL screen. For the first
sample we have approximately three FXNL observations per day whilst for the 1994
sample there is at most one observation per day. These trading ranges are constructed by
Reuters from a daily survey of a number of established participants in the foreign
exchange markets and represent bands within which the currency is expected to trade

given information available to those participants at the beginning of the trading day.*

Using the tick-by-tick quotations we construct an intra-daily bid, ask and midpoint
guotation series for each of the three currencies, sampled at a fixed 1 hour calendar time
interval.? We chose a 1-hour frequency rather than say, a tick-by-tick or 5 minutes
frequency in order to avoid the price uncertainty due to the fact that our prices are quoted
and not transaction prices.® This gives a time-series length for each currency of around
1400 return observations for the first sample and over 2500 return observations for the
second sample. These intra-day quotation series form the basis for our empirical trading

rule applications.

We then combine the exchange rate data with the daily trading range data. For the 1989
samplethisis straightforward. The downloaded trading range data is time-stamped to the

! Note that, although it could be argued that traders have no incentive to report their best trading range
estimates, they also know that their estimates will be diluted in the aggregation of responsesimplying
incentives to misreport are likely to be diminished or removed.

2 Our analysis excludes weekends, defined as midnight on Friday to midnight Sunday GMT.

3 See Guillaume et al. (1997) for adiscussion of thisissue.



second and can hence be merged perfectly with the quotation series to give a single data

set of contemporaneous trading range and quotation series.

For the 1994 sample, however, there are two minor problems with the trading range data.
The first is that observations on all three currencies are not available for every trading
day in our sample. This leaves us with around 90 daily observations for each currency
(out of a possible maximum number of observations of approximately 110.) Second, the
time at which the support-resistance and HIGH-LOW data was reported by Reuters is not
specified in this data set.* Fortunately, though, the FXNL page which shows the trading
range data also presents the prevailing spot prices for all of the selected currencies. This
allows usto time the 1994 trading range data by matching the spot prices from the FXNL
screen to those from our tick-by-tick FXFX time series, a match being defined as a five
minute interval in which all of the FXNL spot prices were simultaneously valid for the
individual FXFX time-series.> Once this was achieved the quotation and trading range

data were merged as for the 1989 sample.

Note that we assume the trading range data to be valid only until midnight on the day on
which it was observed in order to avoid generating spurious buy/sell signals from stale
trading range datai.e. for all hours between midnight on a given day and the observation
of the next days support-resistance data the trading signal process, s, is restricted to be
zero. This can bejustified in the following ways. First, intra-day foreign exchange traders
are subject to strict overnight limits on their positions; in fact they are usually expected
to completely close out all positions. The restriction we place on the validity of the
trading range data implicitly reflects these limits. Note however that by closing our

trader’s position at midnight, we implicitly allowed him to roll over his position to his

“ Note that the trading range observations for all three currencies are simultaneously reported by Reuters.

® In some cases there were multiple matches for a given daily observation. We countered this problem by
running al our trading rules using daily trading range data defined from the first match-time in each day,
the average and finally the last. Our results were almost identical across these three definitions and we
present results based on the first possible match in the rest of this paper.



overseas counterpart when both markets business hours overlap.® Second, a trader
wishing to maintain an open position derived from a trading rule overnight will find it
more costly than maintaining an intra-day position as he will have to pay overnight
interest. Thisagain impliesit is more sensible to ensure that no positions can be left open

overnight in our analysis.

2.2 TheBasic Trading Rule

Define g, to be the quote midpoint series for the exchange rate under consideration. As
mentioned above, in our empirical analyses we sample the exchange rate series at a one
hour frequency. Define r, to be the percentage return on the exchange rate, calculated as

thefirst difference of the logarithmic midquotes.

All of the technical rules we employ are based on the movement of the exchange rate
outside a pre-defined trading range. We present results based on four classes of trading
rule definition. A first range is derived from the support and resistance levels which
appear on the Reuters FXNL screen. A second possibility is to use the HIGH-LOW data
which also appears on the FXNL screen. We define a third range by using both the
support-resistance and HIGH-LOW data, taking the minimum of the support and LOW
data and the maximum of the resistance and HIGH figures as the range. Finally, we
follow Brock, Lakonishok and LeBaron (1992) in order to construct a fourth type of
trading range. This range (denoted Max-Min) is calculated, at each hourly observation
point, as the local maximum and minimum of the exchange rate based on a given

window of past hourly observations.”

® Positions could be rolled over by a Japanese trader to his European counterpart or by an European trader
to his American counterpart. We closed the position at 12.00 when there is no overlap between the
American and Japanese markets.

" Again following Brock, Lakonishok and LeBaron (1992) the horizons we employ are 50, 150 and 200

observations.



Once the trading range is defined, we can proceed to the application of the technical
trading rule. Defining h; to be the upper bound of the range and I, to be the lower bound
of the range, signalsto buy and sell currency are generated according to the rule below,
S+1 if g >h
s =00 if I <q, <h (1)
H1 it q <l

where s represents the signal process which is unity for a buy signal and negative one for
a sdl signal. Note that a purchase (sale) will be maintained until the spot rate moves
back in side the upper and lower bounds (hence, the position is closed without making a
profit), or until midnight on the same day, (when it is assumed that al positions are
closed out for institutional reasons as in the previous discussion,) whichever is the
sooner. In the first sample however, we have several updates of the lower and upper
bound per day, so that profits can also be made when the exchange rates is not trending
(if, for example, the upper bound is adjusted to a higher range and crossed again; in this
case, the position will be closed but with a profit). Dynamic percentage returns from

following this rule are smply calculated as below.

T, = S(log(Qtﬂ) _Iog(qt )) =S§Ma (2)
Figure 1 gives an example of how such trading rule works.

In Section 3 we?eﬁent data from the application of this rule to data on the DEM/USD,
JPY/USD and USD/GBP. For each exchange rate, signals are generated according to the
alternative range definitions and the mean return, number of buy/sell signals and a t-
statistic for the significance of the mean rule return over the drift in the exchange rate
return series are tabulated.? The t-statistic represents the significance of the trading rule

return over that from a‘buy and hold’ strategy and is calculated as,

8 1t is well known that the distribution of exchange rate returns deviates fairly significantly from the

normal. This implies that a more appropriate way of testing the significance of trading rule returns would
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where pr is the mean trading rule return, p is the mean exchange rate return, Nt is the
number of trading rule signals, N is the number of exchange rate observations and o is
the exchange rate return variance. We also present results for a further modification of
the range definitions. Indeed, traders usually modify the trading range by adding a band
of variable size to the predefined range. This is the reason why this class of technical
trading rules are often called filter rules. In this paper, we add a 0.01% band to each
range definition and rerun the rules. Note that like the choice of the trading range, the
choice of the band is necessarily arbitrary. However, rather than the value of the band,
the crucial element in afilter rule is the choice of the trading range, which is the focus of

this paper.

2.3 Accounting for Transaction Costs

The rule described above clearly takes account of neither the costs of opening and
closing positions nor of the risk incurred by taking such a position. Since our trader
closes his position at the latest at 12.00 p.m. G.M.T., he bears no interest costs on open
positions. However, given the frequency at which one will change position in an intra-
day analysis, trading costs due to bid-ask spreads are unlikely to be negligible. We
(rather than using the midquote data as in the previous subsection) account for them by
using the bid and ask quotation series. Defining a; to be the prevailing ask quotation and
b, the bid quotation, our trading rule is redefined as,

be to use a bootstrap, as in Brock, Lakonishok and LeBaron (1992). However the results in Brock,
Lakonishok and LeBaron (1992) are not qualitatively altered by using bootstrapped standard errors and

hence we focus on traditional t-statistics to provide statistical inference.



S’rl if a, >h
§ =00 if I <b,a <h 4
H1 it b o<l

such that a long position is established if the ask rises above the upper bound of the
range and a short position taken on if the bid is below the lower bound. The redl
incorporation of transactions costs comes in the definition of the trading return, however.
If one has, for example, taken along position, the price at which currency was purchased
was the market ask price. In closing out the position one sdlls back to the market,
implying that one will receive the market bid. Hence, in opening and closing each
position, the trader pays the quoted spread to the market maker as a transaction cost.’ If
the trading rule then determines that a position should be opened, held open for k periods
and then closed, the total holding period return is then,

O (og(h.) ~log@)) it s, =+ 0= Onk- 1 i
%= (og@.,) -logl)) if s, =4 0= Ok-1 O

and per-period returns are based on the above profit calculation. Results from the
specifications of the trading rule which incorporate transaction costs are given in the
latter half of Section 3.

® Note that the bid and ask data we employ are taken from Reuters FXFX screens. It has become awell
recognized fact that the spreads quoted on these screens bracket the true inside spreadsin the inter-dealer
market, implying that our measure of transactions costs might be slightly overstated.

10



3. Results

In Table 1 summary statistics are given for our two samples (hereafter referred to as ‘&
and ‘b’). Also, in Figures 2 to 7 we present plots of the hourly quotation series for the
three currencies, for both of the sub-samples. Whilst in the second sub-sample there
seems to be little evidence of global trends in the quotation series, the figures
demonstrate that, for all three currencies, the first sub-sample series are subject to strong
and significant trends. This observation is statistically reinforced by the estimated trends
presented in the opening tables. Those for sample (a) are clearly greater than for their

sample (b) counterparts.

Throughout the following section, for reasons of space, we present tables of results only
for the JPY/USD exchange rate.’® Within the text, however, we discuss the broad results

from the application of our trading rulesto all three exchange rates.

3.1 Brief Summary of Resultsfrom Sample (a)

The first sample of intra-day exchange rates and technical rules was studied in Curcio
and Goodhart (1992). Here we present a summary of their findings. Readers wanting a
more complete description of the results from this sample should refer directly to Curcio
and Goodhart (1992).

Results for the JPY/USD are presented in Tables 2 and 3 at the end of the paper.
Examining the returns made from the application of the support-resistance and HIGH-
LOW rules to these data (Table 2) demonstrates that in the majority of cases they are
positive and are generally an order of magnitude greater than the returns from a buy and
hold strategy. Examining the significance of the buy and sell sides separately, one finds

that in 18 of the 36 cases the rules generate significant profit. Further, amalgamating the

19 Results for the other two currency pairs are available from the authors upon request.
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buy and sell sides for each rule, of the 18 returns across the three currencies, 12 are

significantly greater than zero.

Similar results obtain for the application of the Max-Min rules proposed by Brock,
Lakonishok and LeBaron (1992) (presented for the JPY/USD in Table 3), although they
are dightly weaker. Profits are positive for only 14 of the 36 separate buy and sell rules,

and the composite buy-sell return is significantly greater than zero in 8 of the 18 cases.

Hence, it seems that there are rules which, when applied to our first intra-day exchange
rate sample, could have made consistently positive profits. A more careful examination
of the results, however, demonstrates that the significance of these rules is entirely
asymmetric. Examining the support-resistance results, for the DEM/USD and JPY/USD
al buy side rules are significant and none of the sdll rules are, whilst the opposite holds
for the USD/GBP. A similar conclusion holds when one examines the Max-Min results,
with the sells being the only significantly profitable rules for the USD/GBP and the buys
for the DEM/USD and JPY/USD.

These results can be linked to the trend in our exchange rate sample. As mentioned
earlier, sample (a) covers a period of sustained USD appreciation, implying a strong
upward trend in the DEM/USD and JPY/USD whilst the USD/GBP trended downward
over our sample. As the filter rules which we employ are essentially trend-following
rules, the significance and asymmetry of our results may be attributed to the strong
trends in our exchange rate sample. This behaviour can also be seen in the number of
signals generated. For the JPY/USD, for example, Table 2 demonstrates that there are far
more buys than sells, a result which also holds for the DEM/USD whilst the converse is
true for the USD/GBP. This, again, can be seen as indicative of the trend-chasing nature

of our trading rules.

A further qualification to our result that application of these rules generates excess

returns is that the analysis thus far does not account for transaction costs. As described in
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Section 2, we embody these costs by incorporating the bid-ask spread into our return
calculations. The results for the JPY/USD which correspond to our rules which include
transaction costs are given in the final three columns of Tables 2 and 3. A general result
which emerges from examination of these tables is that, once spreads are accounted for,
virtually all trading rule profits are eliminated. For the Reuters trading range data, only 4
of the 36 buy or sdl rules yield returns which are significantly greater than zero at
conventional levels. Further, only 2 of the 18 composite bid and ask rules have
significantly positive returns. As before, the returns from the Max-Min rules are poorer
than the returns from the Reuters based rules; none are significantly greater than zero,
whilst 7 of the 36 separate bid and ask rules and two of the composite rules yield

significant losses.

3.2 Resultsfrom Sample (b)

Examining results for our second sample of exchange rates and technical rules gives afar
more dismal picture of the profitability of these techniques. In comparison to those from
sample (a), the results are sketchy and inconsistent. A source of this difference is likely
to be the difference between the strength of the exchange rate trends across the two

samples.

Specific observations on the application of the support-resistance and HIGH-LOW rules
are as follows (see Table 4 for JPY/USD results). In only the USD/GBP case is there any
indication of more signals being generated for one side of the market than for the other
(in this case buy signals seem to predominate.) Only 15 of the 36 separate buy and sell
returns are positive and of these only 4 are significant. In fact, there are ailmost as many
significantly negative returns (3 of 36) as there are significantly positive returns. Further,
only 2 of the 18 composite buy and sell rules yield significant profits. Again the results
from the application of the Max-Min rules are weaker (see Table 5). Only 9 rules

generate positive returns and there are far more significantly negative returns (7) than
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significantly positive (2). This leads to the result that only one composite return yields

excess returns significantly greater than zero, whilst 4 of the 18 yield significant losses.

For sample (b) al the significant profits accrue from the application of technical rules to
the JPY/USD exchange rate. As can be seen from Figure 6, the JPY was subject to two
sharp periods of appreciation, at the beginning and end of the sample. In line with the
results from sample (a) we hypothesize that these episodes might be the source of the

positive profits and test this hypothesis below.

Our test consists simply of dividing sample (b) into periods in which strong trends
pertain in the exchange rates and periods of no trend. This type of exercise is far less
easy for sample (a) where it seems that all three exchange rates are trended over the
entire period. This is also true, to a lesser extent, for the DEM/USD in sample (b). The
division leaves us with a ‘flat’ and ‘trended’ sub-sample for each of the JPY/USD and
USD/GBP in sample (b)."" Unfortunately, the ‘trend’ sub-sample for the USD/GBP
contained too few signals for reliable statistical inference and we hence present tables

which only cover the JPY/USD sub-samples.

Results from the application of the support-resistance rules to these sub-samples are
shown in Tables 6 and 7 and they immediately bear out our intuition regarding the
source of trading rule profits. The ‘flat’” JPY/USD sub-sample shows all buy and sell
returns to be negative with, obviously, no significant trading rule profits. For the ‘trend’
sub-sample though, the appreciation of the JPY can be seen to generate significant
profits for the sell-side rules. Hence it seems that these rules only generate consistent
profits when there are strong trends in exchange rates. If one therefore desired to apply
them practically, one would not only have to know the correct rule to implement, but also

when to apply the rule in terms of the start points of possible exchange rate trends.

" The trended JPY/USD sub-samples cover observations 1-250 and 2200-2663 approximately. The
trended USD/GBP sub-sample covers observations 1750-2663.
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Finally, incorporating transaction costs into the analysis inevitably makes the results
even more convincing of market efficiency. Simply incorporating the spread (as a
transaction cost) into our calculations eiminates all significantly positive returns for the
full sample (b) series. For the support-resistance rules only 10 applications have positive
returns at all, whilst 14 returns are significantly negative. The Max-Min results all show
negative returns, with 32 of the 36 being significantly negative.

Hence, the main points from al our results are as follows. Sample (@) indicates that
significant profits can be made from the application of these trading rules, whilst sample
(b) indicates the opposite. This difference in results can be explained in terms of the
strength of the trend in exchange rates in the two samples. Trading rule application can
be profitable in trending markets. This, however, does not make the task of generating
profits any easier; in order to derive profitable returns from technical analysis one not
only has to pick an appropriate rule, but must also be able to identify the start points of
sustained trends in foreign exchange rates. Further results suggest that, on average, the
support-resistance rules perform better than the Max-Min rules used in Brock,
Lakonishok and LeBaron (1992) and that, regardless of the strength of the trend in the
exchange rate, once transaction costs are accounted for no rule generates significant

profits.
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Conclusion

In this paper, we have evaluated the profitability of trading strategies based on the
application of support and resistance levels provided by traders to Reuters in the intra-
daily foreign exchange market. We also simulated some of the technical rules used in
former studies. Our main result is that, on average, neither of these sets of rules generate
profitable trading strategies. Our result is even more significant when we take transaction
costs into account. However, this result requires a number of qualifications. First, as -
quite naturally - some profitability could be achieved for the sub-periods where a trend
could be observed in the data, one may argue that traders would actually act upon the
trading signals reported on Reuters only in periods where such trends are present. Indeed,
although the buy and sell signals are the ones reported by traders, we have no figures on
the volume traded on these signals. Second, even though these signals are ones reported
by traders, it is unlikely that they are the only ones that they use. As well as the filter
rules applied in this paper there are at least two other main classes of chartist rules,
namely rules based on the crossing of moving averages and rules based on so-called
momentums. Third, Surgjaras and Sweeney (1992) for example have argued that the use
of portfolio strategies based on trading several currencies are likely to be more profitable.
However, most intra-day foreign exchange traders, whether dealers or brokers, specialise
in a single exchange rate. Bearing these words of caution in mind, our results are

nevertheless consistent with efficiency in the foreign exchange market.
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Table 1. Summary Statistics for Hourly Return Series

Statistic Sample a: 10/4/89-29/6/89 Sample b: 31/1/94-30/6/94
DEM/USD | JPY/USD USD/GBP DEM/USD JPY/USD USD/GBP
Mean 0.0000315 | 0.0000573 | -0.0000651 | -0.0000355 | -0.0000412 | 0.0000120
Variance 0.0000025 | 0.0000029 0.0000029 0.0000013 0.0000023 | 0.0000009
Skewness 0.134 -0.753 -0.129 -0.184 0.031 -0.043
Kurtosis 11.047 13.181 7.886 11.394 7.995 9.608
No. of Obs. 1415 1415 1415 2663 2663 2663
Trend 0.000109* | 0.011465* | -0.000150* | -0.000047* | -0.001773* | 0.000019*

Note: The row denoted trend presents the linear trend estimated in the raw midquote series rather than
from thereturns. A * indicates that the estimated trend is significantly different from zero at the 5% level.

Table 2: JPY Trading Rule Results, samplea

Series Side of Mkt no transaction costs with transaction costs
Number |Mean t-stat |Number |Mean t-stat
Returns - 1415| 0.005727 - 1415| 5.68E-05 -
SR Buy 179| 0.032337| 1.96* 225 5.05E-05 -0.05
Sl 111| 0.005298| -0.03 108| 7.39E-05 0.79
Composite 290 0.021988| 1.47 333| 5.81E-05 0.01
H-L Buy 188| 0.038528| 2.47* 215 0.000228 141
Sl 121| 0.010541| 0.30 122| 6.17E-05 0.75
Composite 309 0.027569| 2.85* 337/ 0.000168 1.10
Both Buy 120 0.052711| 2.88* 143| 0.000291 161
Sl 75| 0.015384| 0.48 73| 0.000183 1.20
Composite 195| 0.038354| 2.03* 216| 0.000255 1.63
SR+0.1% |Buy 121| 0.066373| 3.74* 147| 0.000255 1.37
Sl 86| 0.007993| 0.12 76| 0.000105 0.83
Composite 207| 0.042119| 1.74 223| 0.000204 1.23
H-L+0.1% |Buy 127| 0.051268| 2.87* 149| 0.000314 1.80
Sl 100| -0.00371| -0.53 93| 0.000129 1.04
Composite 227| 0.027049| 2.49* 242( 0.000243 161
Both+0.1% |Buy 88| 0.063721| 3.08* 100[ 0.00047 2.40*
Sl 61| 0.022457| 0.75 53| 0.000312 1.59
Composite 149| 0.046828| 2.79* 153| 0.000415 2.53*

Notes: In thefirst column, S-R represents SUPPORT-RESISTANCE, H-L represents HIGH-LOW and
Both represents the combination of the two. A * indicates that the given t-statistic exceeds the 5% critical

value such that the trading rule returns are significantly different from zero.
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Table 3: JPY Max-Min Results, ssmplea

Series Side of Mkt no transaction costs with transaction costs
Number |Mean t-stat |Number |Mean t-stat
Returns - 1415| 0.005727 - 1415 5.68E-05 -
50 Buy 145| 0.032823| 1.81 140| 0.000163| 0.72
Sl 63| -0.01832| -1.09 53| -0.00031| -1.08
Composite 208 0.017333| 0.91 193| 3.33E-05| -0.18
150 Buy 111| 0.038047| 1.91 101| 0.000263| 1.20
Sl 21| 0.004158| -0.04 12 -0.00012( -0.14
Composite 132| 0.032656| 1.33 113| 0.000222| 1.02
200 Buy 102 0.0398| 1.94 95| 0.000264( 1.18
Sl 13| 0.005589( 0.00 4| -0.00036| -0.37
Composite 115| 0.035933| 1.73 99| 0.000239| 1.05
50+ 0.1% (Buy 60| 0.064038| 2.58* 47| 0.000378| 1.31
Sl 36| -0.02741| -1.15 24| -0.00064( -1.69
Composite 96| 0.029745| 1.73 71| 3.55E-05| -0.11
150+ 0.1% (Buy 48[ 0.063098| 2.28* 37| 0.000458| 1.45
Sl 16| -0.01487| -0.48 8| -0.00062| -0.96]
Composite 64| 0.043606| 1.83 45| 0.000265| 0.83
200+0.1% |Buy 48[ 0.063098| 2.28* 37| 0.000458| 1.45
Sl 16 -0.022| -0.56 4| -0.00036( -0.37
Composite 64| 0.041824| 1.79 41| 0.000378| 1.22

Notes: The numbersin the first column represent The horizon of past returns over which local maximum
and minimum exchange rate values are calculated. A * indicates that the given t-statistic exceeds the 5%

critical value such that the trading rule returns are significantly different from zero.
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Table 4: JPY Trading Rule Results, sample b

Series Side of Mkt no transaction costs with transaction costs
Number |Mean t-stat |Number |Mean t-stat
Returns - 2663| -4.12E-05 - 2663| -4.12E-05 -
SR Buy 103| -0.00014| -0.64 106| -0.00026| -1.37
Sl 89| 0.000362| 1.96* 97| 9.92E-05| 0.35
Composite 192| 9.35E-05| 1.22 203| -8.7E-05| -0.39
H-L Buy 226| -9.58E-05| -0.52 242| -0.00025| -1.92
Sl 226 0.000259| 2.07* 234| 0.000138| 0.89
Composite 452| 8.16E-05| 1.60 476| -5.7E-05| -0.20
Both Buy 88 -0.0002( -0.98 93| -0.00037|-1.97*
Sl 84| 0.000422| 2.26* 92| 0.000147| 0.63
Composite 172| 0.000102| 1.23 185/ -0.00011| -0.60
SR+ 0.1% |(Buy 69| -0.00022| -0.94 82| -0.00019( -0.85
Sl 53| 0.000216| 0.83 68| 0.000282| 1.24
Composite 122| -2.8E-05| 0.11 150 2.29E-05| 0.48
H-L+0.1% |Buy 149| -0.00011| -0.56 168| -0.00038|-2.72*
Sl 184| 0.000341| 2.59* 197| 0.000146| 0.90
Composite 333[ 0.000138| 2.04* 365 -9.8E-05| -0.64
Both+0.1% |Buy 56/ -0.00023| -0.90 67| -0.00036| -1.65
Sl 52| 0.000235| 0.91 63| 0.000366| 1.61
Composite 108 -4E-06| 0.26 130 -1E-05| 0.22

Notes: see Table 2.
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Table 5: JPY Max-Min Results, ssmple b

Series Side of Mkt no transaction costs with transaction costs
Number [Mean t-stat |Number |Mean t-stat
Returns - 2663| -4.12E-05 - 2663| -4.12E-05 -
50 Buy 139 -0.00021| -1.29 128| -0.00084|-5.56*
Sl 174| 5.15E-06| 0.30 167| -0.00028|-2.52*
Composite 313[ -9.1E-05| -0.56 295 -0.00052|-4.94*
150 Buy 66| -0.00022| -0.95 55| -0.00082|-3.59*
Sl 110| 0.000721| 4.60* 105| -0.00016| -1.29
Composite 176| 0.000367| 3.49* 160 -0.00039|-2.68*
200 Buy 48| -0.00019| -0.65 40 -0.00077(-2.87*
Sl 109| 5.82E-05| 0.11 104 -0.00015| -1.19
Composite 157| -1.6E-05| 0.19 144| -0.00032|-2.05*
50+0.1% |Buy 47| -0.00058|-2.42* 46| -0.00161|-6.65*
Sl 78| 8.61E-05| 0.26 78| -0.00045|-2.72*
Composite 125| -0.00016| -0.95 124 -0.00088|-5.78*
150 + 0.1% |(Buy 18| -0.00043| -1.08 16|/ -0.00121|-2.95*
Sl 54| 0.000121| 0.38 55| -0.00036| -1.86
Composite 72| -16E-05| 0.07 71| -0.00055|-2.68*
200 +0.1% |Buy 15 -0.0003| -0.66 13| -0.00107(-2.34*
Sl 52| 0.00016| 0.56 53| -0.00031| -1.57
Composite 67| 5.65E-05| 0.47 66| -0.00046|-2.10*

Notes: see Table 3.
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Notes: see Table 2.

Table 6: ‘Hat’ JPY sub-sample Trading Rule Results, ssmple b

Series Number |Mean t-stat
Returns - 1929 1.34E-05 -
SR Buy 97| -0.00014| -1.03
Sl 42| -0.00014| -0.57
Composite 139| -0.00014| -1.22
H-L Buy 208| -8.18E-05| -0.90
Sl 142 -4.11E-06| -0.07
Composite 350 -5E-05| -0.76]
Both Buy 85| -0.00018| -1.23
Sl 37| -7.45E-05| -0.25
Composite 122| -0.00015( -1.22
SR+0.1% |Buy 63| -0.00023| -1.30
Sl 18 -0.0006( -1.71
Composite 81 -0.00031|-1.97*
H-L+0.1% |Buy 138| -9.62E-05| -0.86
Sell 105| -5.47E-05| -0.29
Composite 243| -7.8E-05| -0.93
Both+0.1% |Buy 56| -0.00023| -1.22
Sl 17] -0.00059| -1.63
Composite 73] -0.00031| -1.88
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Notes: see Table 2.

Table 7: ‘Trended’ JPY sub-sample Trading Rule Results, sample b

Series Number |Mean t-stat
Returns 734, -0.00018 -
SR Buy 6| -9.16E-05 0.13
Sell 47| 0.000812| 2.47*
Composite 53| 0.00071| 3.72*
H-L Buy 18| -0.00026( -0.18
Sl 83| 0.000712| 2.70*
Composite 101 0.00054| 4.04*
Both Buy 3| -0.00075| -0.58
Sl 47| 0.000812| 2.47*
Composite 50f 0.000718| 3.66*
SR+0.1% (Buy 6| -9.16E-05| 0.13
Sl 35 0.000634| 1.54
Composite 41| 0.000528| 2.63*
H-L+0.1% |Buy 11 -0.00033| -0.28
Sell 78| 0.000877| 3.44*
Composite 89| 0.000728| 4.82*
Both+0.1% |Buy - - -
Sell 35 0.000634| 1.54
Composite 35/ 0.000634| 1.54
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Figure 1: lllustration of thetrading rule

foreign exchange rate\

high :/\_‘Lﬁ)roﬂt

low

A

opening position closi n(j position

] ] ] | ] ] ] | ] S

1 1 1 1 1 1 1 1 |'
8 10 12 14 16 18 20 22 24 G.M.T.

24




Figure2: DEM/USD Hourly Spot Exchange Rate
10/4/89-29/6/89
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Figure 3: JPY/USD Hourly Spot Exchange Rate
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Figure4: USD/GBP Hourly Spot Exchange Rate
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Figure5: DEM/USD Hourly Spot Exchange Rate
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Figure6: JPY/USD Hourly Spot Exchange Rate
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Figure7: USD/GBP Hourly Spot Exchange Rate
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