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1. Introduction

Empirica evidence on exchange rate economics is contradictory. During the B70s there was high
confidence in Purchasing Power Parity (PPP) theories and monetary explanations of the exchange rate.
Neverthdess, these models have given unsatisfactory results in the explanation of the movements of the
mgor exchange rates, particularly in the short run.

Opposite theories on the cause of the relative strength/weakness of mgjor currencies have been
developed. During the first haf of the 1980s Keynesian theories were brushed up; the Mundell-Heming
mode explanation of the dollar's strength in the period 1980-85 was the US budget deficit. After the
collapse of the dollar in 1985, other models were introduced predicting that the only way the US could
stop the decline of the dollar was by reducing the budget deficit.

Moreover the deviaions from the equilibrium condition in the goods market (i.e. from what
predicted by the PPP) proved generaly to be greater than expected. This lack of efficacy was
accounted for and explained by the overshooting model. * Such a model however, though capable of
explaining the high volaility of exchange rates (maintaining the equilibrium assumption), has shown low
predictive properties, which reduces consderably its usefulnessin an ex ante perspective.

Note aso that a number of studies have shown that the equilibrium condition in the asset market
is often violated.? This deviation, to be explained endogenoudy, would have implied inefficient market or
non-rational expectations.

Because of the poor econometric performance of economic theories and of the economists
predilection for market efficiency and rationa expectations, the modd of random wak for exchange

! Dornbusch (1976).

% For asurvey, see Boothe and Longworth (1986).



rates has become popular. In a sense, the diffuson of the random wak modd stems thus from the
weekness of dructurd models. However, sill now the contention that the exchange rate follows
(approximatdly) a random walk is not solved.®

The random wak assumption implies market efficiency in its week form which means that no extra
profit can be earned by exploiting information about the past exchange rate values.*

The theoreticd explanation of the random wak mode is that agents take dl revant information
into account to forecast the future path of the exchange rate; efficient arbitrage between the future and
the present then fixes the current exchange rate. Exchange rates reflect thus dl relevant and avallable
information. According to such atheory only unforeseen events ("news") can lead to a discrete change
in the current exchange rate. Since news is by definition unpredictable, so are,according to the efficiency
market assumption, exchange rate changes.® (Dornbusch 1976, Mussa 1984).

2. Overview of the study

This study explores the process of determination of the exchange rate Itdian lira - US dollar and,
indirectly, the hypothesis of wesk efficiency of the market. It covers the period from 14 March 1991 to
30 June 1994 (daily deta).’

The sample is divided into two sub-samples. 14 Mar. 1991 - 17 Jan. 1994, 18 Jan. 1994 - 30
Jdun. 1994. The firg sub-sample is used to analyse and to model exchange rate dynamics; the second
ab-sampleis used to smulate and test the models discovered in the first sub-sample.

The firg sub-sample period is particularly ddlicate because of the exit of the lirafrom the EMS
in September 1992. To perform more accurate investigations, it has thus been furtherly divided into two
periods delimited by the exit of the lirafrom the EMS.

The study focuses firgd on the Random Wak (RW) hypothess. Dickey-Fuller (DF) and
Augmented Dickey-Fuller (ADF) tests ae performed and the autocorreation functions are anaysed.
The conclusion is not unambiguous, the RW hypothesis being not regected for the period 14 Mar. 1991
- 17 Jan 1994 as a whole, but being questionable for the two separate sub-periods divided by the exit
of the lirafrom the EMS (14 Mar. 1991 - 16 Sep. 1992, 1 Oct. 1992 - 17 Jan. 1994). Moreover the

® Mussa (1979).

4 About the inefficiency of exchange market in its semistrong form as defined by Fama (1970) ("the deviations of
exchange rates from uncovered interest parity are dueto a time-varying risk premium" ) the consensus is greater.

® Dornbusch (1976), Mussa (1984).

® For atest of market efficiency one should adjust exchange rate with the interest rate differential. In this paper the
exchange rate series is not adjusted due to a lack of data. Note anyway that Schulmeister (1987) analysing both
adjusted and unadjusted reaches the same conclusions; moreover Schulmeister (1983) points out that test statistics
are not substantially altered by the adjustment.



RW hypothesis is strongly rejected for the period immediately after the exit of the lirafrom the EMS (1
Oct. 1992 - 22 Dec. 1992)
Notice however that DF and ADF tests are not very powerful.

The analyss goes on in the attempt to determine some trading rules capable to improve the forecasts of
the exchange rates. The trading rules considered are based only on the information concerning past
vaues of the lira-dollar exchange rate.

The idea is thet if it is possble to find trading rules that are consgtently profitable over a
reasonable period, then the market is not efficient.

Even though market efficiency should imply that no trading rule could be profitable, evidently,
testing a very large number of trading rules, some of them could give, ex post, sgnificant profits

In the finencid literature ex post andyses are largely developed. In such a perspective, a
number of studies have found evidence of profit-making opportunities in the exchange market. For
ingtance Logue and Sweeney (1978) have found that while data of the franc-dollar spot rate (in the
period 1970 - 1974) seemed to be white noise using spectrd analys's, there was a number of trading
rules that yidded positive profits. The same authors however, in a subsequent work, testing the same
trading rules considered in Logue and Sweeney (1977) on different periods and different currencies
concluded that markets can be considered weskly efficient.?

The approach proposed in the present work is to test the profitability of trading rules in an ex
ante perspective: the trading rules that are tested are not automaticaly taken from the literature but are,
inasense, "discovered” inthe sudy itsef, sdecting those trading ruleswhich, in the andysis of the first
ab-sample period, show good dHatistical forecasting properties; only in a second sep, ther
performance is tested over asmulation period (the second sub-sample).

The smultaneous investigation of the RW hypothesis and the profitability of trading rules deserves a
short digression.

According to the RW mode, the best forecast of tomorrow's exchange rate is today's exchange
rate. However, most of the RW tests (among which, those used in this work) are based on the
assumption of linearity in the dternative hypotheses.

Many of the trading rules used by technica andysts are, on the contrary, non-linear functions of
past prices. Thus, independently from the RW tests, technical analysis may be a coherent determinant
of expectations formation and, consequently, may play a role in the determination of exchange rate
dynamics.

In the literature, the congderation of non-linear dternative hypothess to the RW modd is only
partly developed in the technicd andyss framework. A growing number of dudies andyse foreign

" The 1st oct 1992 is the first day in which official values are reported after alack of fifteen days, being the last official
value referred to the 16th sep 1992.

8 Logue, Sweeney and Willet (1978).



exchange markets in the framework of chaos theory, in which complex dynamic patterns are explained
through determinigtic non-linear difference equation modds’

According to the theory of chaos, the behaviour of the exchange rate lira-dollar (induding the
jump rdative to the exit of the lirafrom the EMS) does not present peculiarities to be explained outside
the chaotic framework itsdf: a certain pattern interrupted by sudden changesis indeed one of the typical
characteristics of chaotic series.

In this study, on the contrary, the quick depreciation of lira begun in September 1992 is
considered as an anomalous behaviour to be related to the structurd and indtitutiona bresk caused by
the exit of the lira from the EMS. This exploration thus is intended to contribute to a theory of
expectation formation and exchange rate determination and not to a purely mathematica explanation of
exchange rate dynamics.

Technical andysisis, in fact, largely recognised to be an important instrument for the formeation
of expectaions. Even though it exploits purdy gatistica regularities of time series, it is economicaly
founded. In this perspective, if the depreciation of the lira has to be consdered peculiar, it is because the
theoretical and practica vdidity of al the economicaly based instruments of expectations forming are to
be questioned during periods of inditutiona change.

3. The Random Walk hypothesis

In order to explore the RW hypothesis, unit root tests® and the analyss of the autocorrelation function
have been carried out." Results of the unit root tests are reported in Tab. 1; these tests lead not to
rgect the RW hypothesis for the period 14 Mar. - 17 Jan. 1994 (obss. 1-700), pointing out that the
time series is firg-order integrated (all the DF and ADF tests are in the non-critica zone)*. A rough
visua ingpection of the autocorrdation function leads to smilar conclusions (the non-reection of the RW
hypothesis): the autocorrelation function of the seriesin levels decreases dmost linearly, while that of the
series of the firg-order differences is not ggnificantly different from zero for dl lags different from
zero).

® De Grauwe and Vansanten (1990, 1992), Hsieh (1989).
'° Dickey and Fuller (1979).

! Both the seriesin levels (L) and the first-order differences (DL) have been considered; results are reported only for
the former.

12 ADF(n) tests have been carried out for each n=1,2,...,12. Results are presented only for the first four ADF tests
because no significant modifications about conclusions have been obtained from the analysis of the other eight. The
same considerationistrue for all the following ADF tests.

13 Seg, for instance, Chatfield (1989).



Tablel

Unit root testsfor variable L

hkkkhhkhkkhkhhkkhkhhhhkhkhhhhhhhhhhhhdhkhhhhdhhhhkhhhhdhkhhhhhkhhdhkhhhhdhkhhkhkhhkhhdhkhhkhkdhkhkdkkkhxdx**x

ddidic sample observations  without trend withtrend

DF 2 700 699 -.18467 (-2.8660) -1.2522 (-3.4184)
ADF(1) 3 700 698 -.14330 (-2.8660) -1.2384 (-3.4184)
ADF(2) 4 700 697 -.12677 (-2.8660) -1.3343 (-3.4184)
ADF(3) 5 700 696 -.19267 (-2.8661) -1.4076 (-3.4184)
ADF(4) 6 700 695 -.13338 (-2.8661) -1.4871 (-3.4184)

R R R ek e e b e e b e b e e e i e e e ek i e R R R R e e b ek e R R Rk e b ek e b i e

95% critical valuesin brackets.

The RW hypothesis has been tested dso dividing the sample period into two sub-periods, namely 14
Mar. 1991 - 16 Sep. 1992 and 1 Oct. 1992 - 17 Jan. 1994 (obss. 1-383 and 384-700). In fact, the
17 Sep. 1992 is the day in which the Itdian lira went out from the EMS under the pressure of
"Iinternational speculation” . These tests (Tabb. 2 and 3) confirm the conclusions reached in the
andysis of the period asawhole.

Table 2 Unit root testsfor variable L

AhkAkAhh Ak A Ak hkhkhhhdhdhdhddhdhdhdhhhhhhhhhhhhhhhhhk bk hhhhhhhdhdhdhdhdhdhdhdddddkhhhhhhhhkhddhddd*x*x
gdidic sample obsarvations  without trend with trend

DF 2 383 382 -1.6870 (-2.8693) -3.2617 (-3.4233)

ADF(1) 3 383 381 -1.6625 (-2.8693) -3.2108 (-3.4233)

ADF(2) 4 383 380 -1.7394 (-2.8694) -3.0317 (-3.4234)

ADF(3) 5 383 379 -1.6429 (-2.8694) -2.9861 (-3.4234)

ADF(4) 6 383 378 -1.7170 (-2.8694) -2.7247 (-3.4234)

khkkkkkhkkhkhhkkhkhkhkhhkkhkhhkhhkhkhhkhkhhkhhkhkhhkhhhkhhkkhkhhkhhkhkhhkhhhkhhkkhkhhkhkkhkhhkkhkhhkhkkhkhhkhkkhkhkk,kkkkk,*x*%

95% critical valuesin brackets.

Table 3 Unit root testsfor variable L
khkkhkhkhkhkhkhkhkhdhdhdhdhdhdhdhdhdhdhdhhdhdhhkhkhkhkhkhhhkhhhkhkhkhhhkhhhhhhdhdhddhdhdhdddhdhddkdkhkhkhkhhkhkhkhkkkkkkkxkx*x
ddidic sample observations  without trend with trend

DF 384 700 317 -2.4894 (-2.8708) -2.9749 (-3.4255)

ADF() 384 700 317 -2.5214 (-2.8708) -2.9491 (-3.4255)

ADF(2) 384 700 317 -2.5315 (-2.8708) -2.9396 (-3.4255)

ADF(3) 384 700 317 -2.3538 (-2.8708) -2.9026 (-3.4255)

ADF(4) 384 700 317 -2.3996 (-2.8708) -2.9057 (-3.4255)

R R R R e e b e e b e b e ek R e e b e ek e ke ek b e b e e e R R e b e



95% critical valuesin brackets.

However if we condder that the soeculation againgt the lira became evident some days before the exit
from the EMS and we thus divide the period into the two sub-periods (obss. 1-381; 382-700) the
results are less unambiguous (Tabb. 4 and 5): even if some ADF tests do not regject the hypothesis of
RW at critical level of 95%, some other ADF and the DF tests lead to reject that hypothesis.

Table4 Unit root testsfor variable L

ddidic sample observations  without trend with trend

DF 2 381 330 -1.5324 (-2.8694) -3.5362 (-3.4234)
ADF(1) 3 381 379 -1.4486 (-2.8694) -3.4518 (-3.4234)
ADF(2) 4 381 378 -1.4239 (-2.8694) -3.1573 (-3.4234)
ADF(3) 5 381 377 -1.2747 (-2.8694) -3.0806 (-3.4234)
ADF(4) 6 381 376 -1.3019 (-2.8694) -2.7737 (-3.4235)

kkhkhkkkhhkkkhkhhkkhkhhkhkkhhkkhhhkhkhhkhkhhkhkkhhkhkhkhhkhkhhkhkhhkhkhhkhkhkhhkhkhhkhkhhkhkhkhhkhkkhhkhkkhhkhkhkhkkhkhkkkhkkkkkk*x

95% critical valuesin brackets.

Table5 Unit root testsfor variable L
hhkhkkkhhhkkhkhhkkhkhhkhkhhhkhhhkhhhkhdhhhkhhhkhhhkhhhhdhhhddhhkhdhhkhdhhhdhhhkddhkhdhkhdhhdddhhkddhdrdhhddkxkx*x
datidic sample observations  without trend with trend

DF 382 700 319 -3.0327 (-2.8708) -3.4801 (-3.4254)

ADF(1) 382 700 319 -3.0716 (-2.8708) -3.4878 (-3.4254)

ADFK(2) 382 700 319 -2.9983 (-2.8708) -3.4634 (-3.4254)

ADF(3) 382 700 319 -2.8003 (-2.8708) -3.4105 (-3.4254)

ADF4) 382 700 319 -2.8415 (-2.8708) -3.4125 (-3.4254)

khkkkkkhkkhkhhkkhkhkhkhhkkhkhhkhhkhkhhhkhhkhhkhkhhkhkhkhkhhkkhkhhkhhkhkhhkhkhhkhhkhkhhkhhkhkhhkhkhhkhkkhkhhkhkkhkhkkhkkk,kx*x*x%

95% critical valuesin brackets.

The exit from the EM 'S was probably not interpreted as the signd that speculation againgt lirawould not
have succeeded anymore (paid by Banklitalia losses), but as a Sgnd that Itdian lira was overvalued.
Such an interpretation is confirmed by the andyss of unit root tests for the period straddling the exit of
the lirafrom the EMS, which seems to validate the idea that such an inditutional change did not stop a
al the speculaion againg the lira: indeed, from the point of view of the RW hypothess, the period 14
Sep. 1992 - 2 Nov. 1992 (obss. 381-405) is rather anomalous (Tab. 6).



Table 6 Unit root testsfor variable L

hkkkhhkhkkhkhhkkhkhhhhkhkhhhhhhhhhhhhdhkhhhhdhhhhkhhhhdhkhhhhhkhhdhkhhhhdhkhhkhkhhkhhdhkhhkhkdhkhkdkkkhxdx**x

*

daidic sample observations without trend withtrend

DF 381 405 25 -4.1478 (-2.9850) -3.7218 (-3.6027)
ADF(1) 381 405 25 -4.4159 (-2.9850) -3.5347 (-3.6027)
ADF(2) 381 405 25 -4.6723 (-2.9850) -3.4063 (-3.6027)
ADK(3) 381 405 25 -4.4661 (-2.9850) -3.2953 (-3.6027)
ADF(4) 381 405 25 -4.3527 (-2.9850) -3.3156 (-3.6027)

kkkhkkhkkhkkhkkhkkhkhkkhkhkhhkkhkhkhkhkhkhhkkhkhhkhkhkhhkhkhhkhkhkhhkhhhkhhkhkhhkhkhkhhkhkkhkhhkkhkhkhkkhkkkhkk,kkk,xk,*k%

*

95% critical valuesin brackets.

One posshility could be that there exists Some systlemdtic pattern in exchange rate movements that give
rise to a sequence of upward and downward runs, which in the andyss of the period as a whole can
look completely random even if they are not.

4. The theory of technical analysis

Technicd andysis of financia markets involves providing forecasts or trading advice on the basis of the
ingpection of past prices* It is composed of both quditative and quantitative andyses While the
former contains an important subjective element, the latter is entirely based on satistica transformations
of the prices time series. These techniques produce clearly defined series of buy and sell Sgnds and can
therefore be econometricaly tested.

Three types of technical andyss models are consdered in this sudy: Oscillators (O), Relative
Srength Indexes (RSl), and Stochastics (ST).*

14 Some techniques, not considered in this paper, take into account also of the exchanged quantities.
15 See Murphy (1986) and Kaufman (1978).

16 A fourth kind of model has been considered and rejected as a predictor of the prices time series. It is the so called
"Market Momentum” (MM). The time series of the MM (p) is calculated taking the differences of lag (p) of the price
time series.

The investigation of the RW hypothesis through the autocorrelation function is sufficient to deduce that
the (eventual) predictive power of such an index should be low. Note in fact, that analysing the significance of 100
different MM(p) (p=1,2,..,100) for the forecasting of future prices, would lead to consider 5 of these indexes being
significant at alevel of probability of 95%, even though the hypothesis of RW istrue.



OSCILLATOR: It is the difference of a short term moving average and a long term moving average.The
trading rule is as follows. buy when the short term moving average crosses the long term moving average
from below (i.e. when the difference between the short term and the long term moving average becomes
positive) and sall when the converse occurs (when the difference becomes negetive).

Denating a price a timet with X;, the O formulais the following:

O(p.q): = Average (X, ..., Xip) - Average (X, ..., Xt.q)

RELATIVE STRENGTH INDEX: This index and te following one (the stochadtic) are intended to solve
the problem of locating anomaous (‘too fast") movements of the price in a given time horizon. Both
the RSl and the ST have vadues in the range [0, 1]. There are different ways of usng these indexes as
trading rules. We will use them to determine the so called "overbought” and "oversold" market
Studions.

The market is consdered overbought, according to an index, when the index is over the value
0.9 and oversold when the index is under 0.1. The underlying ideais thet, independently from a possible
trend, when price moves consstently in adirection, the probability of a correction increases.

The RSl formulaisthe following:

am (U, ..., Up)
RSI(P): = ¥a¥%a%¥a¥¥Ya¥aYaYaYaYaYa¥aYaYaYa
aIm (Uy, ..., Ugp) + Sum(Dy, ..., Dip)

where U; (Ups) isequd to X X1 if X-X¢.1>0; equato O otherwise
ad D, (Downs) isequdto -(X-Xt1) if Xi-X1<0; equato O othewise.

STOCHASTIC: This index is conddered useful in nontdirectional movement periods. The idea is that
when a price is very close to an upper or lower (flexible) bound it tends to correct in the opposite
direction. Speculation according to such an index is then stabilisng; in a sense it exploits the Keynesan
idea that expectations are largely based on conventions, which leads to invert position when the price
has gone far from the "conventiona" price which market participant are used with; a the same time this
"conventiond" price, being derived by the price higtoricd path, moves gradualy while the actud price
tendsto vary in acertain range.
ST formulais the following:

Xi - mn(X, ..., Xtp)
ST(P): = Y% ¥a¥a¥a¥a¥aYa¥aYa¥aYa¥aYaYa
Max (X, ..., Xip) - min(Xy, ..., Xip)-



One smple reason why technical andys's can be an important determinant of the exchange rate isthat it
is used by foreign exchange rate deders, which is the group of agents that influences most directly the
process of exchange rate determination. A study of the "Group of thirty" points out that 97% of the
bank respondents and 87% of the securities houses expressed the opinion that the use of technica

modes has had an increasingly significant impact on the market.” A questionnaire survey conducted on
behdf of the Bank of England, anong chief foreign exchange deders reveded that at least 90% of

respondents place some weight on technica andysis when forming views a one or more time horizons.®
Moreover, this research pointed out a skew towards reliance on technical, as opposed to fundamentalist
andyds a shorter horizons, which become steadily reversed as the length of horizon conddered is
increased. The authors also suggest that the large use of technical andysis can be sdf-fulfilling in the
determination of short term exchange rate dynamics.

Buying and sdlling currencies per sé is of course a zero-sum game. If banks and probably aso securities
houses, commodities firms and multinationd industria corporations, conggtently win in this game (not
only by usng technicd anayss), asit is affirmed in Group of Thirty (1985), who then is the loser? The
answer is smple: dl those market participants who buy or sdl currencies for other reasons than short
term profit maximisation. Particularly al those traders of goods and services who perceive and use
foreign exchange markets for internationd payments, and Centrd Banks (whose objective functions are
generdly incompatible with short term profit maximisation). The latter, in specific circumstances, as in
the period that led to the exit of the lirafrom the EMS, can have very consstent losses.

5. Methodology

Oscillators (O(p,q)), Relative Strength Indexes (RSI(p)), and Stochastics (ST(p)) have been caculated
for different vaues of the parameters (p,g). Observe that the shorter the period of the datistics
(parameters p and @), the more the datistics themsalves are sengtive and the wider is their amplitude.
To dow down the volatility and to reduce the number of fse 9gnds, a Moving Average (MA) has
been calculated for the RSl and ST Satistics.™
The variable congdered are then the following:

O(p,q) p=1,5,15, 35,50 g=>5,15,3550 foreachp<q
MA(g)RSI(p) p =5, 10, 15, 20, 35, 50 q=3,5
¥ Group of thirty (1985).

18 Taylor and Allen (1992).

® The use of moving average is useful particularly when dealing with very short memory statistics. See, for instance,
Murphy (1986).



MA(G)STp) p=5,10,15 20,3550 =35

In order to obtain clear buy and sell sgnds, dummy variables (d) have been congructed for each of the
variables conddered. The variable tested are the following:

dO(p,q) assumingthevaduel if O(p,g)>0; -1 otherwise
d"MA(g)RSI(p) assumingthevaue 1 if MA(q)RSI(p) > 0.9; 0 otherwise
dMA(q)RSI(p) assumingthevduel if MA(Q)RSI(p) <0.1; 0 otherwise
d'MA(Q)STp) assumingthevaluel if MA(Q)ST(p) >0.9; 0 otherwise
dMA(Q)STp) asumingthevduel if MA(q)ST(p) <0.1; 0 otherwise.

Each RSl and ST mode gives rise to two predictors, namely an "overbought" (d")and an "oversold"
(d) indicator. These two indicators do not necessarily have to be both significant for a certain mode!.
Thus for each single RSl and ST (and for each RSl and ST filtered by a MA) four models have been
considered: the first two models include both the overbought and oversold indicators (one of the models
in clude dso the congtant term); in the other two models the overbought signd and the oversold signd
are tested separately. Hence, the estimated models are the following:®

DL(t) = b dO(t-1) + &(t)

DL(t) =aconst + bd"RSI(t-1) + cdRSI(t-1) + &(t)
DL(t) =bd'RSI(t-1) + cdRSI(t-1) + &(t)

DL(t) = bd*RSI(t-1) + &(t)

DL(f) = b dRSI(t-1) + &(t)

DL(t) = aconst + b d*ST(t-1) + ¢ dST(t-1) + e(t)
DL(t) = bd*ST(t-1) + ¢ dST(t-1) + &(t)

DL(t) = bd*ST(t-1) + &(t)

DL(t) = bd'ST(t-1) + &(t)

All the equations have been estimated with an AutoRegressive Conditiona Heteroscedagticity (ARCH)
mode.” ARCH modds are often used in financia market anayses because of the low likelihood of the
homoscedadticity hypothes's, one of the stochastic characterigtics of foreign exchange markets is indeed
its varying voldility over time* This varying volatility is explained in ARCH(p) modds through the
hypothesis that the conditiona variance of the error term has an autoregressive structure of order p.

®To reproduce exactly the rulebuy when the short term MA crosses from below the long term MA and sell in the
opposite case, the models based on O(p,q) variables do not include the constant.

21 Seg, for instance, Greene (1993).

22 Hgeh (1983).
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Among ARCH(p) models, the choice of the modd to adopt has been carried out testing, for
each trading rule, the best order of the parameter p, consdering dso ARCH(p) modes with some of
the parameters explaining the conditiona variance of the error term constrained to be equd to zero. The
choice of the ARCH(p) mode for each trading rule is based on purely Satistical considerations.?

6. Empirical evidence

The sample period consdered for the derivation of sgnificant technicad andyss ingrumentsis 14 Mar.
1991 - 17 Jan. 1994 (obss. 1-700). The period 18 Jan. 1994 - 30 Jun. 1994 (obss. 701-811) is used
to smulate the significance of these predictors and to test the performances of the given signals.

The results of such analyses are reported in parr. 6.1 and 6.2 respectively. While the andlys's of
par. 6.2 involves only statistical onsderations, the anayss of par. 6.1, the choice of the predictors,
takesinto account of both gatistica and economica arguments.

In particular, it is rgued that the fast moverment of the exchange rate, when the position of thelira
in the EMS became non-defendable, may be related to the Stuation of Itdian fundamentas and to the
expectations on them. Now, if it is true that these movements may be related to the tendency towards a
new equilibrium vaue of the lira with respect to al the other currencies (in the sense that the lira was
consdered overvaued), then we should expect that the analyss of the firs sample should lead to
overestimate the goodness of extrapolating trading rules and to underestimate that of stabilising rules.

Moreover, as the exploration of the RW hypothes's pointed out, the period around the exit of
the lira from the EMS is a very anomaous one, not only for its indtitutiona change, but dso from a
datistical point of view.

To take into account of the possbility that he exit of the lira from the EMS may bias the
properties of our models and may lead us to change a wrong predictive mode, we have investigated
both the firgt sub-sample as awhole and the first sub-sample deprived of the period of the exit of thelira
from the EMS.

6.1. The choice of the models

The analyss has been conducted in afirst stage testing every modd in the sample period 14 Mar. 1991
- 17 Jan. 1994 (obss. 1-700) and at a second stage cutting the period 14 Sep. 1992 - 2 Nov. 1992
(obss. 381-405).* Theimplicit idea of the second stage analysisis that the trading rules considered may

2 The statistical properties considered are the t-statistics of the dependent variable and that of the parameters
explaining the conditional variance of the error term (significance level at 10%). None of the estimated models shows
problems of eteroschedasticity or serial correlation.

2 The period to cut as"anomalous' has been derived by the analysis of the random walk hypothesis of par 3.

11



be appropriate in both the inditutiona contexts (before and after the presence of the lirain the EMS),
but not during the period of trangtion.”

The andysis for the entire period outlines that none of the RSI(p) and the ST(p) consdered gives
sgnificant results: the only atigticaly significant results obtained have the opposite Sgn with respect to
what the theory says (which meansthat a buy sgnd is given when market is overbought and vice versa).
Among O(p,q) models, significant results have been obtained for (p,q)=(1,15), (1,35), (1,50), (5,35),
(5,50), (15,35), (15,50), while the following O(p,q) models have been rgected: (p,q)=(1,5), (5,15),
(35,50). The best datigticd performance of dl the nonrgected models has been obtained with an
ARCH(3) esimation modd, in which the first parameter explaining the conditionad variance of the error
term is condtrained to zero.”®

The andysisfor the period without the exit from the EMS does not lead to substantidly different
results. Smdl improvements are noted in the predictive sgnificance of dl RS and ST but not such to
make these models good predictors of short term exchange rate dynamics. Among O(p,q) models the
only change isthat O(1,15) is now rejected.

Results for not rejected modelsin both the entire and the "split" samples are asfollows:

GARCH(0,3) assuming aNormd distribution
converged efter 21 iterations
LR RS S LSS LSS LT EEEETEEETLTES LTS EEEEEETEEEEELETEEETEEEEEEETEEEEEEEEEEEEEEE LR SRR RS
Dependent variableisDL
674 observations used for estimation from 210675

kkhkhkkkhhkkkhkhhkkhkkhhkhkhhkkhhhkhkhhkhkhhkhkkhhhkhkhhkhkhhkhkhhkhkhhhkhkhhkhkhhkhkhhkhkhkhhkhkhhkhkhhkhkhkhkkhkhkkkkkkkkxk*x

Regressor Coefficient Standard Error T-Ratio [Prob]

dO(1,35)(-1) 74246 .40906 1.8151 [.070]
kkhkhkkkhkhkkkhkhkkhkkhhkhkhhkhkkhkhhkhkhhkhkhhkhkkhhkhkhkhhkhkhhkhkhhkhkkhhkhkhkhhkhkhhkhkhhkkhkhkkhkhhkhkhhkhkhkhkkhkhkkkhkkk kkx**
R-Squared  .0010181 R-Bar-Squared .0010181

DW-gatidic 2.0894

khkkkhkkkhkhkhkkhkhhkhkhkhkhhkhkhhkhkhkhhhkhhkhhhkhhhkhhhhkhkhhhkhhhkhkhkhhhkhhkhhhkhhkhkhkhkhkkhkkhkhkkhkkkhkk,kx*x*x%

Parameters of GARCH explaining H-SQ, the conditiona variance of the error term

B R R e ok b e b e b e e R e i e S ek b e b e b S b I e b e e b b kb e b ek b b

Coefficient Asymptotic T-Ratio
GARCH constant 93.4890 11.4148 [.000]
E-SQ(- 2) 11963 2.2615 [.024]

% Tests for the profitability of trading rules stress that profitable models tends to be profitable also if the sample is
divided in sub-samples, even though profitaiblity of trading rules changes over time. Cf. Schulmeister (1987), Levich
and Thomas (1993).

% Al tests, except the DF and ADF, have been conducted at alevel of significance of 10%.



E-SQ(- 3) 11225 2.1571 [.031]

kkkkkkhkkkhkhkkkhkkhkhkkhkhhkhkhkhhkhkhkhkhhkhkhhkhkhkhhkkhkhhkhkhkhhkhkhkhhkkhkhhkhkkhkhhkkhkhhkhkkhkhkkkhkkkkkhkkkkx*,*k*

GARCH(0,3) assuming aNormd distribution
converged efter 19 iterations
R RS EE TS LTS EEETEL TS LS LTS EETSTEEETEEETELEET LSS EEETEEETEEEEEEEEEEEEETEEEEEEEEEEEEEEEEEE LSS
Dependent variableisDL
674 observations used for estimation from 210675

R R R ek e e b e e b e b e e e i e e e ek i e R R R R e e b ek e R R Rk e b ek e b i e

Regressor Coefficient Standard Error T-Ratio [Prob]

dO(1,50)(-1) .76070 .40466 1.8799 [.061]
kkhkkkkhhkkkhkhhkkhkkhhkhkhhkkhhhkhkhhkhhhkhkkhhkhkhhhkhkhhkhkhhkhkhhkhkhhhkhkhhkhkhhkkhkhhkhkhhkhkkhhkkhkhkkhkhkkkhkkk kkx**
R-Squared  .0021832 R-Bar- Squared .0021832

DW-gatigic 2.0870

kkkkhkkkhkhhkkhkhkhkkhkhhkhkhkhkhkhkhkhhkhkhhkhkhhhkhhkkhkhhhkhhkhkhhkhhkhkhhkhkhkhkhhkkhkhhhhkkhkhhkhhkkhkkhkhkkhkkkkkhkkkk*%

Parameters of GARCH explaining H-SQ, the conditiona variance of the error term

khkkkhkkkhkkhkhhkkhkhkhkhhkhkhhhhkhkhhhkhhkhhkhkhhkhhhkhhhkhhhhkhkhhkhhhkhhkhkhhkhkhkhhkhkhhkhkkhkhhkhkkhkhkkhkkk,kx*x*x%

Coefficient Asymptotic T-Ratio
GARCH constant 93.9223 11.5279 [.000]
E-SQ(- 2) 11615 2.2231 [.027]
E-SQ(- 3) 11074 2.1476 [.032]

khkkkkkhkkhkhhkkhkhkhhkkhkhhkhhkhkhhkhkhhkhhkhkhhkhkhkhkhhkkhkhhkhhkhkhhkhkhhkhhkkhkhhkhhkkhkhhkkhkhhkhkkhkhhkkhkkhkhkkhkkk,k*x*x*%

GARCH(0,3) assuming aNormd distribution
converged after 20 iterations
hhkhkkkhhhkkhkhhkhhhkhhhhdhhhkhhhkhhhkhdhhhdhhhkhdhhkhdhhkhdhhhkhhhkhdhhhdhhddhhkrdhhkhdhhhdhhkdddxrdhhkddx*x*x
Dependent variableisDL
674 observations used for estimation from 210675

kkhkhkkkhhkkkhkhhkkhkhhkhkhhkkhhhkhkhhkhkhhkhkkhhkhkhkhhkhkhhkhkhhkhkhhhkhkhhkhkhhkhkhhkhkhkhhkhkhhkhkkhhkhkhkhkkhkhkkkhkkkkkxk*x

Regressor Coefficient Standard Error T-Ratio [Prob]

dO(5,35)(-1) 94327 .40484 2.3300 [.020]
kkhkhkkkhkhkkkhkhkkhkkhhkhkhhkkhhhkhkhhkhkhhkhkkhhkhkhkhhkhkhhkhkhhkhkkhhkhkhkhhkhkhhkhkhhkkhkhkkhkhhkhkhhkhkhkhkkhkhkkkhkkkkk**
R-Squared  .0039153 R-Bar-Squared .0039153

DW-gatidic 2.0821

khkkkhkkhkkhkhhkkhkhkhhkhkhhkhhkhkhhhkhkhhhkhhkhhhkhhhkhkhhhkhkhkhhkhkhhhhkhkhhhkhhkhhhkhkhhkkhkkhkkkhkkhkk,kkx*%

Parameters of GARCH explaining H-SQ, the conditiond variance of the error term

B R R e ok b R ek b e e R e e b R ek b e b e b S b I e b e e b b ke b e b b b S

Coefficient Asymptotic T-Ratio
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GARCH condant ~ 93.0063 11.4448 [ .000]
E-SQ(- 2) 11955 2.2605 [.024]
E-SQ(- 3) 11476 2.1905 [.029]

khkkkhkkkhkkhkhkkhkhkhkhhkhkhhhhkhkhhkhkhhkhhkhkhhkhhkhkhhhkhhhhhkhhkhkhhkhhhkhhkhkhkhhkhkhhkhkkhkhhkhkkhkhkkhkkk,kx*x*x*%

GARCH(0,3) assuming aNormd distribution
converged after 20 iterations
hhkkkhkhkkhkhhkkhhhkkhhkhhhkdhhhdhhhkhhhkhdhhhdhhhkhdhhhdhhddhhkhdhhdhhhkhdhhkhdhhhdhhkddhhddhhddxrdhhkhdx*x*x
Dependent variableisDL
674 observations used for estimation from 210675

kkkkkkhkkkhkhkhkkhkhkhkkhkhhkhkhkhhkkhkhkhhkhkhhkhkhkhhkkhkhhkhkkhkhhkhkhkhhkkhkhhkhkkhkhhkkhkhkhkkhkhkkhkkkhkk,kkk,kxk,*k*x

Regressor Coefficient Standard Error T-Ratio [Prob]

dO(5,50)(-1) .73425 .40335 1.8204 [.069]
kkhkhkkkhhkkkhkhkkhkkhhkhkhhkhkkhkhhkkhkhhkhkhhkhkkhhkhkhkhhkhkhhkhkhhkhkkhhkhkhkhhkhkhhkhkhhkhkkhkhkkhkhhkhkhhkhkhkkkhkhkkkhkkk kkx**
R-Squared  .0021052 R-Bar-Squared .0021052

DW-gdtidic 2.0756

khkkkhkkkhkhkhkkhkhkhkhkhkhhhkhkhkhhhkhhhhkhkhhhkhhhhkhkhhhkhkhkhhhkhhhkhkhkhhkhkhkhkhkkhkhhkhkhkhkkhkkhkhkkhkkkhkx*x*x%

Parameters of GARCH explaining H-SQ, the conditiond variance of the error term
kkhkhkkkhkhkkkhkhkkhkkhhkhkhhkhkhhhkkhkhhkhkhhkhkkhhkhkhkhhkhkhhkhkkhhkhkkhhkhkhkhhkhkhhkhkhhkhkkhkhkkhkhhkhkhhkkhkkkhkhkkkhkkk kkx**

Coefficient Asymptotic T-Ratio
GARCH congtant 94.0282 11.5338 [.000]
E-SQ(- 2) 11723 2.2268 [.026]
E-SQ(- 3) .10889 2.1208 [.034]

B R R i e kb e b e b e e R e e b ek b e b e b S b I e b e e b b kb e b e b R b b

GARCH(0,3) assuming aNormad digtribution
converged efter 21 iterations
kkhkhkkkhkkhhkkkhhhkkhkhhkkhhkkhhhkhhhkhkhhkhkhhhkhkhhkhkh