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Abstract

This report examines the interesting results found by J. James in a paper that appeared
in Quantitative Finance and attempt to reproduce them. This entailed using a moving
average, for agiven pair of currencies, to determine when to change money (trade
signals) from one currency to the other. The number of days n used to calculate the
moving average is found by seeing which value of n gave the best profit over the last
10 years. To do this, | wrote aprogram in C and found | was able to exactly reproduce
the results of James. | also investigated how many trade signals were produced for
each value of n between 10 and 100, and found that when an average is taken over 12
currency pairs, we find that this obeys a power law. | also looked into a slightly
different method for calculating the trade signal's where the moving average value n to
be used is updated each day. The number of preceding days used to recalculate nis
optimised to give the best result and | found that | could achieve reasonably good
values but this method does not appear to be viable as the optimised value for one
range of data does not yield sizable profits for the subsequent data points.
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Trend following strategiesin trading P. Richmond

A recent paper by James describes how trend following strategies can be used for
profitable trading in currencies. Theideais to automate the buying or selling process
depending on the position of the price relative to along time moving average value.
What are the optimum points at which buying and selling can be done profitably over
along time period? The objective of this project isto write code that reproduces the
work of James and if timeis available test out the model for other asset prices.

Ref: J. James, QF Vol 3 No 4 August 2003 C75
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| ntroduction

The underlying idea behind this project is that you can move money back and forth
between a pair of currencies and make a profit. For example, this time two years ago
€1 would get you $0.90 whereas now €1 will buy $1.25, if two years ago you had
$100 and you changed it all into Euro, then if you moved it back today, you would
have $139. So it is clear to see that substantia profit can be made if you know when
to move your money. That, of courseg, is the problem, without knowing when to move,
you can just as easily make aloss. _
A simple method for calculating these buy and sell points was published by J. James
in 2003, here she uses amoving average and its value in relation to the currency ratio
to say whether you should move your money. Despite the simple nature, James claims
that it leads to interesting results and can give an average of 5.57% profit when you
invest in aportfolio of these currency pairs.

The purpose of this project isto verify the resultsin James's paper and experiment
with possible ways of improving it. The mgority of this project was writing codein C
that could calculate the moving average, cal culate the crossover points where you
change from one currency into the other and then to calculate what profit is made by
using this strategy. With the short time left after doing this | investigated two areas.
The first was how the number of trades for a given moving average differs from
currency to currency and the second was whether calculating a new moving average
for each day gave a better return than using a single moving average for that time
period.



Background Theory / M ethod

In part | of thissection, | shall detail the ideas behind each part of the main program
and explain how and why there are done in thisway, part | .
| shall then explain the idea behind the additional investigations, parts |l and I11.

Part |

Overview of Program

The program can essentially be split into the following pieces, the wordsin italics are
explained in more detail below:

e Readinthedatafrom afile.

e Caculate the Moving Average for a given value of n.

¢ Find the Crossover Points which tell you to trade.

e Cadculate the Profit each day and subtract Costsif there isatrade.

¢ Run thisfor many values of n and find which value gives the largest
profit.

Moving Average

As the name suggests, thisis the average of the values over the last n days. Itis
calculated as follows:

18
Av,(t) ==> At—|]
n =0
wheret is the day number.

So for each day greater than the number of days needed to get an average, we have a
moving average. This can be plotted on a graph to see the crossover points

Crossover Points

If we plot the moving average and the currency price, figure 1, we can see that there
are crossovers on days 23, 57, 73, 78, 79, 91 and 99. Depending on whether the price
crosses going up or down, we know which way to move the currency.
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— Currency Price

Figure 1. Graph of Moving Average and Currency Price

In the program, these are calculated in the following way.

On each day, if the moving average is larger than the price, then avariable called the
signal is-1 and if the moving average isless than the price, thenitis +1.

If on one day itswas-1 and the next it is +1, then a crossover must have occurs and
the money invested is moved into the other currency. Figure 2. shows why thisistrue.

f } Av < Price
Av > Price
i)
=
(]
! | {>
| |
Day 1 Day 2
Crossover

Figure 2. Graph lllustrating Crossover Point
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Calculating Profit

The profit from one day is calculated as follows

Pr ofit = 100x tradex 11— =11
i —1]

where trade = +1

This is the percentage loss/gain on money invested the day before at price X[i —1]

The trade signal comes from finding the crossover points, it tells you which currency
you arein. Thisisimportant asif you move out of acurrency before it crashes, then
this constitutes a profit. However thiswould be alossif you had stayed in that
currency. Another point hereisthat a crash in one currency |ooks the same as the

other currency doing very well, from the point of view of the dataread in, i.e. theratio.

We then add up all the day to day percentagesto find the total profit. We do it in this
way asit lets us see the underlying pattern rather than compounding the return and
making it dependence on the start date.

Trading Costs

Each time you change money from one currency to another, you incur atrading cost
of 0.03%, in the program this mean that at each crossover point, 0.03% is subtracted
from the total profit.

All of these will give you aworking program that will loop over all values of nand
find which one gives the best return. This value will then be compared with the value
found by James.

In James's paper, the Information ratio is calculated for each currency pair. Thisis
defined as

|R__(average annual return) x~/12
(std. deviation of monthly returns)

Thisis quite easily calculated in out program but | decided not to evaluate it and
concentrate on part |1 and I11. The sameistrue for the volatility adjustment which in
principle should only require afew extralines of code. | decided that the littletime |
had after compl eting the main program and testing it, would be better spend on the
following.

Part 11

For each moving average, there will be a number of crossover points. These were
calculated for each currency pair to seeif there are any similarities.
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Part 111

A new method for calculating the values of the variable trade and hence the crossover
points was tested here.

Each day the optimal moving average over the last d days was calculated, whered is
some value greater than 100. From this value, the trade signal is calculated and used
to calculate the profit. We loop over the all the values of d and see if which value
gives the best return.

Thisisdone as | thought that just because a value of n=69 (say) for the USD/JPY
gave the best profit if it had been used over the last 10 years say, it doesn’t necessarily
mean that it will give the best profit for the next 10 years. Of course, it may well do
and thisisthe basic for making any money using the program, but it does not seem
obvious to me that it should be, so | tried amethod that actively updates the moving
average asit goes along. The idea being that perhaps the new moving average works
in the short term but not over 10 years.



Results
Part |

The program written gets exactly the same answers as James. For example, the
USD/JPY
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Figure 3. USD/JPY over 3780 days with moving average of 69 days

When my program cycled thought all values of n between 10 and 200, it found the
best profit was tot 133.744457% for 3780 data points (days).

Average Annual Return=12x Av. monthly return=12x Returnx(Days in a month)

Days

y 133.74x 21
3780

=12 =12x0.743=8.92%

Thisis exactly as James finds.



Here are the results for the other currency pairs

Currency Pair Best Moving | Average Annual James Values
Average Return Moving Average | Av. Annual Return
USD/JPY 69 8.92% 69 8.92%
USD/CHF 64 5.05% 64 4.95%
USD/AUD 173 2.94% 23 1.09%
EUR/USD 89 5.12% 89 4.76%
EUR/JPY 71 6.83% 71 6.60%
EUR/GBP 80 3.91% 80 3.71%
EUR/CHF 116 0.79% 116 0.77%
GBP/USD 19 3.02% 19 2.79%
GBP/JPY 126 5.06% 126 5.13%
CAD/USD 23 0.39% 23 -0.04%

Asyou can see the results agree nearly perfectly. In actual fact thefinal figureis
exactly the same however there are dlight differencesin the Average Annua Return
due to adifference it the calculation of these values, the important point is that both
waly's agree on the moving average to use for maximum profit. One small differenceis
that | have avalue of 173 for the USD/AUD case, James's program gets the small

result if the moving averageis allowed to take this value.

Another dlight difference is that James finds the value n that givesthe greatest IR, in
most cases thisis the same as the value that gives the greatest profit, however in the
GBP/USD, avalue of n =7 givesthe greatest IR but 2.86% annual return, less than

my value. However, a greater IR will mean that over more time, the n = 7 value will

do better.

Part 11

When the various values for each currency pair are plotted on the same graph, the

result is the following
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Figure 4. Graph of number of trade signals generated for a given value of n for 12 currency pairs
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Thisisavery surprising result. One would not expect that the shape and approximate
values for each slope would be so similar. They all seem to have roughly the same
values for a given number of daysin the moving average.

However, it occurred to me that this might be caused by using amoving average in
thefirst place. It might be an inherent property of the moving average that it will cross
a certain number of times for fluctuating data (obvioudly if the data just goes
monotonously downward, the moving average will never cross).

Totest this, | created a program to generate a random walk, with a 50:50 chance of
going up 1 unit or down 1 unit. This data was treated like a currency pair and the
result isshownin figure 5
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Figure 5. Fig. 4. with random walk data Figure 6. Fig 4 with second type of random walk

Asyou can seein Fig 5 the normal random walk has many more trades than the
currency pairs however the basic shape is roughly the same. This leads me to suspect
that this may be a common feature to all currency types.

Asthis point | decided to modify the first random walk slightly. In the second type, if
the random number (between 0 and 1) was above 0.5 two timesin arow, the value
increased by three instead of two, and vice versafor less than 0.5 twice. | did thisas|
thought that if an upward trend was continued even just a small bit, the moving
average would cross less and maybe have values around the range of the currency
pairs. Theresult isFig 6 and it is clear that is certainly looks similar but doesn’t
appear quite right.

| then decided to leave the random walk and just plot the average of all the values for
each value of n (daysin moving average). Thisis plotted in Fig 7 and the data is fitted
with a power law.

Asyou can seetheresults all seemto lie on theline:

y = 2419.3x %%
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Graph of the average number of trades over 14 currency pairs against the days in the moving average
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Fig 7 Graph of Average Number of Trades vs Daysin Moving Average

Part 111

Due to time constrains (it takes 8 hours to run each time), this program was only run
twice. The first was 3000 data points for the USD/JPY currency pair.

The result was atotal profit of 93.21% by using a value of 659 preceding days over
which the best moving average was calculated each day. It we calcul ate the average
annual return for this, remember profit only started accumulating after 659 days, we
get avaue of 10.03%. Thisfigureis dlightly better than James' s method however
when the program is run for 3780 days, the annual return drops to 6%, so this method
seemsto be far lessreliable and | would predict that the IR is much lower for this case.

The currency pair CAD/USD was aso tried asit hasavery low IR and may benefit
from having a changing moving average.

The best average annual return was 0.48% using 152 days. Again thisis dightly better
than the simple case however | suspect that again it wouldn’t lead to greater profitsin
if taken over longer time periods.
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Discussion / Conclusions

Overall the project was successful in than | was able to completely reproduce the
results of James' s which was the main objective. However | till have doubts over the
validity of the method. | would have liked to use more data and see whether the best
moving average can change. That is whether a value of n calculated over the last 5
years say will give the best profit for the following 5 years. However from looking at
my data, as long as the value of n doesn’t change by alarge amount, values near to the
best value also make reasonably profits. So | would conclude that this method isa
good way to use past data to see what may give a profit in the future. Also when the
best currencies are selected for a portfolio like in James's paper, a steady profit can be
made.

In Part I, the number of trades for a given moving average val ue does appear to
follow a power law. If we take the standard deviation to be the error for each point
(see graph in Appendix), we can see that nearly all the currencies tend to follow this
law. It does not appear to be due to using a moving average and may be a property of
Currencies. Unfortunately | did not have timeto fully investigate this, but it is
certainly something worth further study.

InPart I11, | tried adifferent method to see if | could improve on James' s method. At
first it appearsthat it may have done dlightly better but as| said | doubt it would work
better in the long run and the end value appears to be quite sensitive to the value over
which the new moving average is found. As mentioned about, a number near the
optimum value for the moving average still gives a sizable return however in this new
method, there can be alarge change. So if the program is run over an extratwo years,
the best value for d will be different while if the previous value for d had been
continued to be used, the profit doesn’t necessarily continue in the way it would
predict of gaining an average value per year. However | feel that this method also
deserved further consideration for the reason that it is able to adapt for changesin the
moving average. It also has the theoretical advantage of always having the best
moving average for that period. So perhaps with some adjustments that stop the
moving average varying wildly, alot of the time it stays around a certain value but
every couple of days it might jJump but then return back to that value. So with some
fine tuning this method may be able to do aswell if not better than James' s method.

Overdl, | would deem this project a success as not only did | achieve the primary
objective but | was also able to investigate two areas that |ooked interesting.
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