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Abstract

This study investigates the effects of exchange rate volatility on Canadian

manufactured exports for the period 1972Q3 to 1993Q4. Exchange rate volatility can

be defined as the variance of the exchange rate, and there is no theoretical or

empirical consensus as to its effect on trade.

Unlike previous studies' that only examine the effects of short run volatility, this

study distinguishes between short and long run volatility effects. Short run volatility is

modelled using GARCH and Forward-Difference models, and long run volatility is

measured as the effect of persistent deviations from the PPP exchange rate. Where as

past studies have also assumed the export function to be a long run equilibrium

demand equation 2 , this study calculates both an export demand and supply equation.

Using an export supply equation, both short and long term volatility effects were

determined to be significant. Alternatively, testing with export demand equation, only

short run volatility effects were found to be significant.

The results of this study indicate that the magnitude and significance of the exchange

rate volatility effect is dependent on the choice of export specification, and therefore a

demand equation cannot be used without justification.

The invoicing currency of Canadian exporters is used to determine Canadian bare the

exchange rate risk, and therefore the effects of exchange rate volatility should be

tested in an export supply equation. The validity of this approach is supported by the

fact that more volatility effects were determined to be significant in the export

specification selected on the basis of the invoicing currency.

1 
&2 Asseery and Peel (1991); Arize, Osang and Slottje (2000), Doyle (2001) and Du and Zhu (2001).
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Introduction

This study examines how exchange rate volatility affects Canada's manufactured

exports to its main trading partner, the United States, from 1972Q3 to 1993Q4.

Canada is the subject of this study because it has not been the focus of prior empirical

studies on exchange rate volatility. This topic is relevant for Canada as it exports

approximately thirty percent of its GDP 3 , causing the success of Canada's economy to

be inextricably linked to its export sector and the determinants of exports.

Exchange rate volatility is relevant variable to investigate as it has direct implications

for government policy. If exchange rate volatility is found to have a statistically

significant negative effect on exports, then government policy intervention aimed at

stabilising the exchange rate has the potential to increase exports. Appropriate

exchange rate policy initiatives may include: target zones, capital controls, sterilised

interventions or joining a currency union with the US4.

Modelling exchange rate volatility
Exchange rate volatility describes the degree of fluctuation in the exchange rate and

can be decomposed into short and long run volatility effects.

The Process

Short run volatility proxies will be estimated using GARCH and Forward-Difference

models. The estimated volatility proxies will be regressed against the observed three-

monthly variance of the exchange rate, and the proxy with the highest fit will be

included as an explanatory variable in an export equation. As well as a short run

volatility proxy, the cumulative difference between the real and PPP equilibrium

exchange rate will be included in the export equation to represent long run exchange

rate volatility effects.

Previous studies on the topic have modelled exports as a long run equilibrium demand

function without justification or consideration as to whether an export supply equation

3 Based on March 2000, quarterly GDP and export values. See Appendix One for data series references.
4 These initiatives were identified in Bjorksten and Brook (2002).



would be more appropriate. This study will use the denomination of Canada's export

invoices to determine whether Canadian exporters or US importers bare the exchange

rate risk and therefore, whether volatility should be tested in an export demand or

supply equation. The importance of selecting the appropriate export equation will

then be tested by comparing the significance of exchange rate volatility variables in

both the export demand and export supply equations.

Characteristics of the sample

The duration of the sample period extends from 1972Q3 to 1993Q4, because on

January 1 1994, under the North American Free Trade Agreement (NAFTA), most

tariff barriers between Canada and the US were eliminated, creating a more open

trading environment. Therefore, the determinants of exports in the pre-NAFTA period

may have altered deterministic effects.

Scope of the study

Over eighty percent of Canadian exports are purchased by the US 5 , so to reduce the

complexity of this study, US exports are presumed to equal total Canadian exports.

Non-food manufactured exports are modelled because they are not subject to the same

unpredictable supply determinants as agricultural exports6.

The remainder of the study is organised as follows. Section One will examine the

theoretical relationship between the exchange rate volatility and international trade,

Section two will discuss the models and econometric issues for the study, Section

three will discuss the empirical results and conclusions will be drawn in Section Four.

Based on a four yearly ( 1990-1994) average of quarterly exports by destination, (1999 International
Trade Statistics Year Book (2000)).
6 Such as climatic extremities that can affect the quality and quantity of agricultural production but are
difficult to model.
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1. Literature Review

The theoretical literature on exchange rate volatility can be divided into two

categories: theories which determines exchange rate volatility to have no impact on

trade, and theories which advocate either a positive or negative effect on trade

depending on trading agents' risk aversions.

The theory of risk diversification would fall into the first category and predicts that

exchange rate volatility should have no effect on firms' export decision because

exchange rate risk is perfectly diversifiable by equity holders. By holding foreign

currency and equity, shareholder gains and losses from exchange rate movements

should balance to zero. This proposition does not recognise that there may be a

principal-agent problem between shareholders as owners and managers as operators

of the firm.

Managers may have an incentive to maximise the profitability of their firms if their

remuneration is linked to the profits of the firm. This may necessitate incurring

exchange rate risk but depending on managers' personal risk aversion, they may

prefer a lesser but stable income stream as can be generated by focusing on domestic

sales and exporting to markets with stable currencies, rather than receiving a

potentially higher income stream that fluctuated with exchange rate gains and losses.

Shareholders could avoid this problem if mangers' remuneration was based on

performance targets that necessitated the managers' making a minimum number of

international transactions, regardless of exchange rate risk.

Economic theory has an alternative explanation for the insignificance of exchange rate

volatility in determining exports. If purchasing power parity (PPP) held, domestic

and foreign trade would not systematically involve a different degree of uncertainty as

the real exchange rate is assumed to be constant. However, exchange rates experience

significant and persistent deviations from PPP 7 , adding an exchange risk component

to import/export activities (Dell'Ariccia, 1999).

See Froot, Kim, and Rogoff (1995).
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The relevant type of exchange rate risk will depend on the particular model of

exporting/importing firms. On the one hand, exporting firms may sign short-term

export contracts in foreign currency. Then, assuming that costs in the firm's own

currency are known at t – 1, the only uncertainty about profits arises from the nominal

exchange rate: the firm does not know its revenue in domestic currency at t – 1. In

this situation, forward exchange rate markets represent an effective way to hedge

against uncertainty. Short-term contracts are available for all the major currencies and

they are relatively cheaps.

Nonetheless studies show that only a small, but increasing part of international trade,

is actually hedged on forward markets (Dornbusch and Frankel 1988; European

Commission 1990) 9 . These studies were for America, who invoices over eighty

percent of its imports in US dollars°, and European countries, where the European

monetary System (EMS) operates to promote currency stability. Subsequently,

exchange rate volatility would be expected to be minimal in these studies, negating

the need for hedging.

A more analogous comparison for Canadian exporters, where the majority of exports

are directed to a larger economy and exports are invoiced in a foreign currency, is

New Zealand's exporting relationship with Australia. Gray (2002), concluded that the

direct costs of exchange rate volatility on New Zealand exports were insignificant.

An explanation for this, based on Brookes (2000), is that firms used substantial

hedging for known trade receipts out to six months but there was less hedging for

receipts six to twelve months ahead. Long term hedging may not be as popular due to

the high expense and lack of availability of long term hedge contracts or firms

preferring to "ride out" long term exchange rate cycles in the hope that exchange rate

gains and losses balanced to zero.

8 Bjorksten and Brook (2002).

I ° Page (1981).
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If firms have some sort of long term commitment to the export activity because of

sunk costs to enter particular foreign markets" then they are interested in the

relationship between their costs and the price that they can charge in those markets

(Dell'Ariccia, 1999). In this case what matters is the real exchange rate- firms are

interested in the evolution of their revenues relative to their costs 12 . To hedge against

this kind of uncertainty is much more difficult. Therefore, real exchange rate

uncertainty may play an important role in determining firms' long-term import/export

choices; where-as short-term trade may be insulated against exchange rate movements

with hedge contracts.

Apart from analysing short and long-run volatility effects, exchange rate volatility can

be analysed in terms substitution and income effects.

Exchange rate volatility causes uncertainty about the export price payable by

importers and receivable by exporters which may lead risk-averse agents to reduce

their foreign activity, exporters to reallocate production towards their own domestic

markets, and foreign consumption being more heavily weighted towards domestic

goods (Dell'Ariccia, 1999). This reduction in foreign in favour of domestic activity

can be viewed as a substitution effect.

Franke (1988), suggests that exchange rate uncertainty may not be unambiguously

bad for trade. This is because trade can be viewed as an option held by firms. It is

therefore feasible that the value of this option to trade (like stock options) can rise

with volatility. If exporters receipt in foreign currency and the exchange rate is

volatile, upon receiving export payment, exporters can wait for a depreciation of their

domestic currency and then convert the foreign currency payment into more domestic

currency units. The greater the exchange rate volatility the less time exporters have to

wait for a favourable depreciation to convert the foreign currency into domestic

currency and the less important is the inertest rate differential between the two

11 Dixit (1989), has shown that exchange rate volatility effects on trade can be minimal where there are
significant sunk costs (production capacity and output) and where maintaining market share is
important because of reputation, exit and/or entry costs.
°` Assuming that costs are a function of domestic prices, for these firms future expected profits are a
function of domestic prices, foreign prices, and the exchange rate, thus real profits are a function of the
real exchange rate.
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countries 13 . The ability to profit from favourable exchange rate movements because

of exchange rate volatility, adds to the value of a firm's ability to trade. If the ability

to trade is viewed as an option, then exchange rate volatility increases the value of this

option. Therefore, exchange rate volatility can have an income effect by increasing

the profitability of foreign trade.

Exchange rate volatility may also have a positive impact on trade if it is viewed as a

competitive advantage. New entrants to an export market could view exchange rate

volatility, leading to a depreciation of their domestic currency, as an entry advantage,

enabling them to undercut the incumbent firms, at a price fixed in the entrants

domestic currency. Inevitably, when the entrants' exchange rate appreciates, the

entrants would have to increase their foreign currency export price but would have

already established a brand presence in the export market that could be relied upon to

mitigate the loss of foreign customers due to the loss of price competitiveness. Franke

(1998) demonstrated under a variety of different behavioural assumptions, that it is

feasible that any given firm will on average enter sooner and exit later when exchange

rate volatility rises so that the number of trading firms will, on average, increase.

In summary, the impact of exchange rate volatility requires empirical testing, as the

theoretical impacts are ambiguous.

13 Presuming the export payment is deposited in a bank account in the foreign country while it is
awaiting conversion, any exchange rate gains would have to be balanced against any interest rate
profits or losses incurred because of interest rate differentials between the two countries. The higher
the exchange rate volatility, the faster the export payment is converted into domestic currency and the
lower is the interest rate gain or loss.
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2. Methods

Enchanv Rate Vo!-Atility
Costa and Crato (2001), distinguish between the short run and long run exchange rate

as the difference between monthly and annual rates. This study models the short run

exchange rate with quarterly data and the long run exchange rate with the average

purchasing power parity (PPP) exchange rate.

Short Run Volatility Models
The GARCH Model

GARCH models proxy exchange rate risk by specifying the variance of the exchange

rate as a linear function of the lagged value of the error term from an auxiliary

regression determining the mean of the exchange rate and autoregressive components.

The time-varying variance may be attributed to factors such as rumours, political

changes and changes in government monetary and fiscal policies14.

The conditional mean and variance of the exchange rate can be represented as:

XR I = a +	 XRI-1± tit	 (1)

j=1

2= ao + z a1.11 1_ 1 2 z bi . 6- 2	 (2)

j=1	 i=1

Where XI?, is the logarithm of the real exchange rate. The unknown parameter

estimates (0 , a , and b) are calculated simultaneously by maximizing the log-

likelihood function for the sample:

ln(L) = –0.5n x ln(27-c) – 0.5 log(h, ) – 0.5(i, 5-, 2 ) for t = 1, ...,N

14 Doyle (2001).
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The residuals	 are the estimated residuals:

Cl

XR i - a +  01 XR/-/
	 (1)

j=I

and a,' are the estimated variances:

6-1 2 = a 0 +	 aput-1
2 

±	 b i • 6",_,
	 (2)

	

i=1	 i=1

The estimated volatility series generated by the GARCH model is not based on an

observed volatility series, but rather, by parameters that satisfy the requirements for

maximum likelihood estimation. Therefore, the volatility series may include negative

estimates. The GARCH volatility estimates are a proxy for the actual variance of the

exchange rate which is by definition positive 15 . To avoid this issue, it is possible to

place restrictions on the variance equation to ensure that the variance estimates are

stationary:

ao > 0 , a• ?0 for all j, and bi > 0 for all j, and

raj +b < 1
	

(2)

j=1	 i=1

and restrictions to ensure that the constant unconditional variance given by

ao/(1- a l- 1) 1) is positive:

(1- al -	 >0

The validity of imposing these restrictions can be tested using an LM test to ensure

that the restricted parameter estimates will not be biased. None of the empirical

15 Var(X) = a 2 = E(X – p) 2 , where E(X) = ,u .
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studies surveyed in this study have reported test results for imposing these restrictions

on their GARCH modelst6.

To calculate an empirical estimate of the GARCH model, it is necessary to specify the

number of lags in the exchange rate and conditional variance equations. The

exchange rate equation should be determined using a general to specific testing

strategy, initially calculating the model with a large number of lags then testing down,

eliminating insignificant lagged variables until a parsimonious equation is calculated.

After determining the exchange rate specification, a GARCH(1,1) model will be

estimated for Canada. A GARCH(1,1) model was recommended in Du and Zhu

(2001), as being appropriate to model most exchange rate systems and is consistent

with the GARCH specification in Doyle (2001).

The Microfit authors, B. Pesaran and M.H, Pesaran, suggest that the decision of

whether a GARCH model is appropriate, may be aided by using the residuals from an

OLS regression of the exchange rate to test for heteroscedasticity. This can be done

with the Park or Glej ser Heteroscedasticity Tests which regress the squared exchange

rate residuals, as a proxy for the unobservable variance, against the exchange rate

series. An F-test can then be used to determine whether the coefficients in the

residual regression are simultaneously equal to zero. If the null hypothesis is rejected

then the variance of the series is a function of the values of the series and is therefore

heteroscedastistic. The problem with this form of testing, which investigates whether

the variance is trended, is that it cannot distinguish between a series that has no trend

and a series which has a trend that balances to zero.

16 It is possible that the GARCH models were run without restrictions and the resulting parameter
estimates satisfied the stationarity and positive conditional variance requirements.
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Heteroscedastistic Series

Graph One. Heteroscedastistic and Homoscedastistf Series

Series Volatility

Homoscedastic Series

Time

The two series in Figure 2 have the same mean trend of zero and consequently, both

would be determined to be homoscedastistic using the Park test. Therefore, this

method of testing may not be conclusive as to whether a GARCH model is

appropriate. A more definitive method of determining the validity of GARCH

calculation would be to estimate the GARCH model then test whether the parameters

are stationary or have a cointegrating relationship and are consistent with a positive

unconditional variance.

The Forward-Difference Volatility Proxy17:

Vol, = I (90 day forward rate), – (spot rate) 1+90 I 2

Where Volt is the three monthly variance of real monthly exchange rates (in logs) and

the difference between the real 90 day forward rate at time = t and the realised real

spot rate 90 days latter (in logs), represents the degree of uncertain change in the

exchange rate that trading agents would have and to estimate. The difference between

the 90 day forward rate and the spot rate at time = t was not used because it represents

17 This model was used in Doyle (2001).
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the anticipated exchange rate movement and if credible, would not cause exchange

rate uncertainty.

Lon,;Ru ExcLange Rate Volatility:

To measure long run exchange rate volatility, an original model is proposed where
volatility is measured as the cumulative difference between the real and PPP exchange
rates.

The long-run variance of the exchange rate series can be defined as:

k

(ert –	 (2)

t=1

Where ert represents the real exchange rate and er t* is the equilibrium PPP exchange

rate where the (unknown) average equilibrium exchange rate value at t = 0 is

calculated as:

erppp * = pd* – pf*

Where erppp * is the average PPP exchange rate, pd * is the average domestic price level

and pf* is the average foreign price level over the sample period. It assumed that

erppp* changes according to:

A(erppp)t = Apdt Apft

As changes in the PPP exchange rate are assumed to balance changes in the relative

price levels between the two exchange rate countries. Therefore, the equilibrium

exchange rate can be defined as:

ert+1 * = erppp* + A(erppp)t

The long run volatility estimate (ert*), represents the cumulative effect on exports of

the real exchange rate being out of equilibrium over the sample period. The long run

11



volatility estimate can be decomposed to measure the cumulative effect of the

exchange rate being above equilibrium (periods of undervaluation represented by the

variable "posdif') and below equilibrium (periods of overvaluation represented by the

variable "negdif' ). This decomposition enables the determination of whether

persistent under or overvaluation of the exchange rate, affects exports in any given

quarter. The "posdif' series includes all of the positive values of the difference

between the real and PPP exchange rate and is set equal to zero in any period that the

difference between the exchange rates is negative. Alternatively, the "negdif' series

includes all of the negative difference values and is equal to zero whenever the

difference is positive.

-port Dm avi 1qiAation:

= ao+ a2 Pxt —p1;) + a3 yf; + a4 volt + a5 (negdif)1 + a6 (posdi t + a7 D2 + a8 D3

ag D4

Where X, denotes the natural logarithm of the total value of Canada's non-food

manufactured exports. ( pxt – pf) is a measure of competitiveness, the ratio of export

prices, pxt to those of foreign competitors, pit, both expressed in Canadian currency

terms. The price levels are proxied by the respective consumer price levels in Canada

and the US,. yft is a measure of US real income, proxied by US real GDP. Exports

are expected to be negatively related to competitiveness as an increase in the export

price relative to the domestic price caused foreign consumers to substitute domestic

for foreign goods, assuming that foreign and domestic goods are substitutes. If it is

assumed that a fixed proportion of foreign income is spent on consumption goods

(including exports), then an increase in income would lead to an increase in

consumption. Therefore, a positive relationship is expected between US income and

Canadian exports. Because of the conflicting theoretical literature about the effects of

exchange rate volatility on trade, the relationship between the volatility variables (volt,

(negd) t, (posdi fid and exports is uncertain. D2, D3 and D4 are dummy variables to

represent seasonal trends in the export series.

12



Export ...	 7 LIT, 1Vo n:

X1 = bo + b2 pxt–pcid + b3 ddp, +b4 10- b5 volt + b6 (negdi ) I + b7 (Posdfi + b8 D2 +

b9 D3 + b10 D4

Where X, denotes the natural logarithm of the total value of Canada's non-food

manufactured exports. (px, – pd) is a measure of relative profitability , the ratio export

prices to domestic prices. A positive relationship would be expected between

profitability and exports as profitability reflects the opportunity cost of exporting

(King 1997). The greater the price differential between export and domestic prices,

the greater the opportunity cost of not exporting. An alternative measure is absolute

profitability, the ratio of export prices to production costs. This is may be viewed as a

superior measure of profitability because it measures changes in the exporter's profit

margin whereas relative profitability does not incorporate cost effects that may cancel

out any profitability gains from an increase in the export price. However, due to the

difficulty of sourcing reliable cost data, the relative profitability measure is used in the

present study.

ddp, represents domestic demand pressure. The effect of ddpt may be indeterminate.

An increase in ddp, will decrease exports if export producers have a home-bias and

divert part of the available export supply away from foreign markets to meet the

increase in domestic demand. However, Ball (1961), states that exports will have a

positive or no relationship with domestic demand if marginal costs were falling or

constant at the initial equilibrium level. King (1997) notes that a more serious issue

than the indeterminate sign of ddp,, is that an increase in domestic demand will

increase the profit maximising value of the domestic price. It is therefore

questionable whether ddp, has an independent role in determining exports or is one of

the factors determining the domestic price, where the domestic price is already

included in the model in the profitability variable.

kt is a measure of capacity and is expected to have a positive relationship with exports

as an increase in capacity increases a firm's ability to export. The variables ((negdif),

, (posdi), , D2 ,D3, D4) have the same interpretation as in the export demand equation.

13



Is a Deln.LuAl or S	 EquatioR ..prol-riate?
A common feature of the empirical research on the effects of exchange rate volatility

on trade is the estimation of long-run equilibrium export demand equations to

represent trade l8 without consideration as to whether an export supply equation would

be more appropriate. To test the hypothesis that exchange rate volatility does indeed

affect supply and demand differently, export demand and supply equations are

calculated separately with short and long run volatility variables. The significance of

the volatility variables in the demand and supply export models are compared.

If the choice of export specification is deemed to be necessary for correct inference

about exchange rate volatility, then the invoicing currency for a nation's exports can

be used to determine whether volatility should be tested in a demand or a supply

equation.If the majority of exporters invoice in domestic currency then importers bare

the exchange rate risk and a demand equation is appropriate. Alternatively, invoicing

in foreign currency can be used as an indication that an export supply equation is

appropriate. The rational for this is that when exporters bare the exchange rate risk,

exchange rate volatility becomes a supply determinant.

Page (1981), estimates that approximately eighty five percent of Canada's exports are

invoiced in US dollars 19 . This means that the majority of Canadian exporters bare the

exchange rate risk in their trading activities. By purchasing imports in their domestic

currency, US importers are eliminating their exchange rate exposure. Because

Canadian export producers bare the exchange rate risk, exchange rate volatility is a

supply consideration. Therefore, it can be concluded that the effects of exchange rate

volatility on Canadian exports should be tested with an export supply model.

Econometric Issues
Structural Considerations

Volatility persistence, defined as the sum of the coefficients on the explanatory

variables in the exchange rate volatility model, has been shown to be reduced when

18 Examples include Aristotelous (2001), Du and Zhu (2001), Arize,Osang and Slottje (2000), where
long-run equilibrium export demand specifications are used.
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regime shifts are modelled. Hamilton and Susmel (1994), using a GARCH model,

concluded that re-estimating their model for different exchange rate regimes, within

their study's sample period, reduced volatility persistence. This process of re-

estimating the model removes outlier volatility effects associated with market

corrections in the exchange rate as it moves from an artificial fixed or pegged rate, to

what exchange rate markets value the currency at. If the initial market adjustment is

not considered to be indicative of the preceding or subsequent exchange rate

volatility, then the effects of the correction would distort the estimated volatility

parameters calculated by the volatility model. This distortion effect can be eliminated

by estimating the volatility model until the period immediately before the correction

and then re-estimating the volatility model from the period of the correction until the

end of the next exchange rate regime.

Rae (1997), suggests that regime changes and government policy changes are also

capable of causing structural shifts in volatility models. Identifying structural shifts is

possible by graphing the exchange rate series and interpreting periods where values

change by similar magnitudes as being structural periods. Volatility models should be

re-estimated for each structural period because volatility estimates based on the entire

sample period would, on average, either under or over predict volatility for each

structural period. For example, when volatility was higher in a particular structural

period then the average volatility for the entire sample period, then the volatility

estimates for the "high" period should be below the actual levels of volatility

experienced and less than volatility estimates from the same volatility model

estimated exclusively over the "high" period. Combining the volatility estimates from

the different structural periods should create a volatility series that more accurately

reflects empirically observed exchange rate volatility.

Identifying Structural er!Vs
Herwatz and Reimers (2002), use a Supremum Lagrange Multiplier (LM) test to

determine whether there are structural changes in an exchange rate series. Herwatz

and Reimers, modelled volatility clusters for the US dollar/yen exchange rate using a

GARCH (1,1) model. The model's parameters were determined to be unstable over

19 Page does not specify the duration of the observation period or the method of estimation for this
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the sample period so two separate variance regimes were used for the selected

exchange rates. The points of structural change are observed to coincide with changes

in monetary policies in the US and Japan.

The Supremum LM-test compares the unconditional variance of the residual before

and after a set of break points located on a pre-specified time grid. If the null

hypothesis is accepted then there is evidence against a stable GARCH-model but it is

not apparent about the time point of structural variation. This test makes arbitrary

assumptions about the approximate location of break-points on the grid so that

comparisons can be made between unconditional variances. There is no mention in

Herwatz and Reimers (2002), about how these break-point regions are determined. If

a model had too few break-point regions then conceivably, breakpoints would be

missed and particular specifications of the GARCH model between two breakpoints

could still suffer from enlarged volatility persistence because of unrecognised

structural breaks.

In principle, performing the Supremum LM-test on a very dense grid could guide the

analyst towards the location of a single breakpoint since the Supremum LM-test

should reach its maximum at the true break point. To identify this point, Herwatz and

Reimers, use a Supremum Likelihood Ratio Test, which is asymptotically equivalent

to the Supremum LM procedure. The break point is found by maximising a Gaussian

log-likelihood function over two specified sub-samples where it is assumed that there

is only two possible volatility regimes over the two sub-samples. This test can be

extended to identify multiple structural breaks by dividing the sample period into

multiple sub-samples then testing for structural change from one subs-ample to the

next. However, this method has the same problem as the Supremum LM-test over

deciding the length of the sub-samples. If the sub-samples are too long, so that

structural breaks are included within sub-samples, then break-pints will be missed as

only the specific time point in each sub-sample that is identified as maximising the

Gaussian log-likelihood function will be identified as a point of structural break. This

will result in the GARCH model being incorrectly specified between sub-samples.

result but notes in his appendix that this information is available upon request.
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Supremum LM-test and the Supremum Likelihood Ratio Test may be misleading

because they are based on an assumption that structural breaks are either known or

easily identified. This may be the case for changes in exchange rate regimes (ie fixed

to floating) but if it is acknowledged that structural shifts can occur within regimes,

then the task of identification is not aided by the Supremum tests. Identifying

structural shifts is possible by graphing the exchange rate series and interpreting

periods where values change by similar magnitudes as being structural periods. The

first observation in each structural period can be identified as the break point and

Chow or Supremum tests can then be used to test whether the differences in the rate

of change of consecutive plotted values, represent different structural periods.

Therefore, despite the complexities of the Supremum tests, the underlying

identification method for structural change, remains a subjective inspection of a plot

of the time-series.

JtrAionarity Issues:
As a preliminary step to cointegration analysis, the stationarity of each of the

variables was tested using the GLS-DF method. The results for the variables in each

of the equation in the study are reported in Appendix 2.

One reason for the inconsistent results in previous empirical work is the prevalent

failure to recognise that real exports and its determinants are potentially nonstationary

and integrated variables (Asseery and Peel, 1991). Neglect of this point results in

inferences about income and price elasticities and the impact of exchange rate

volatility on exports being potentially misleading (Engle and Granger, 1987).

Harris (1995), explains that similar time trends between variables could lead to

spurious relations being found in which case standard t and F-statistics do not have

the standard distributions created by stationary series. A stationary series has a mean

and variance that is constant over time and a covariance that depends only on the

distance between two time periods and not the actual time period at which the

covariance is computed. Therefore, a preliminary step to time series analysis is to

check the variables are all stationary.
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The order of integration refers to how many times a series has to be differenced until

it is stationary. Therefore, if a time series is integrated of order one or greater, the

time series is nonstationary and may need to be differenced before it can be used in a

regression analysis. Dickey-Fuller (DF) unit root tests can be used to determine the

order of integration of a series. The testing strategy is to first determine whether the

time series is I(2) or I(0). This is tested by differencing the series, then testing the null

hypothesis that the coefficient on the first order autoregressive explanatory variable in

the equation:

A2Yt=-6 AYt- +ut-t

as a coefficient equal to one. Dickey-Fuller unit root tests are analogous to a modified

t-test where, because of nonstationarity, the critical test statistic does not follow a

standard t-distribution but rather a Dickey Fuller distribution (constructed using

Monte Carlo simulations). The DF distribution provides critical values for rejecting

the null of a unit root at different critical values (10%, 5% and 1%). If the null

hypothesis is accepted then the testing stops and the series is assumed to be I(2). If

the null hypothesis is rejected then the same test is repeated but this time, the levels

values for the series are used. If the null hypothesis is accepted the series is

determined to be stationary but if the null is rejected the series is assumed to be I(1).

The DF model can be extended further to allow for the possibility that the underlying

data generating process contains deterministic components (constant and trend). The

distribution of the critical DF values are dependent on whether the DF includes a

constant or trend. Using an DF model with no constant and no trend is only valid

when the overall mean of the series is zero. Using an DF model with a constant and

no trend implies a non-zero mean for the series but does not provide a mechanism for

generating a trend. Therefore, if the series does not converge to a constant, a trend

variable should be included in the model. A model with a constant and a trend allows

for the possibility that movement in the series was generated by either a deterministic

trend (if the series is stationary) or by the constant term (if the series is nonstationary).

18



There is a third possibility, that there is quadratic trend, when there is a unit root and

constant term is insignificant but this trend is unlikely to occur in practice (Patterson,

2000). A visual inspection of a time-series can aid the researcher in determining

whether it is appropriate to add a constant and /or a trend to the DF model.

If the simple AR(1) DF model is used for y, when yt follows an AR(p) process, then

the error term will be autocorrelated to compensate for the misspecification of the

dynamic structure of Autocorrelated errors will invalidate the use of the DF

distribution which is based on the assumption that the residual error is 'white-noise'.

To avoid this problem, differenced autoregressive explanatory variables are added to

model until the residual becomes 'white-noise'.

Dickey–Fuller models with differenced autoregressive variables are known as

Augmented Dickey-Fuller Models (ADF). Harris (1995) suggests that selecting too

few autoregressive lags could result in over rejecting the null when it is true because

the size of the test is adversely affected. Alternatively, selecting too many lags

reduces the power of the test as the model will contain unnecessary nuisance

parameters that reduce the number of effective observations applicable.

The Schwert (1989) suggests that the maximum lag length can be set according to the

formula:

= int[12(T/100)° 25]

where T denotes the sample size. Information criteria can be used to select the

appropriate lag length in the range (0 —> Schwert(l)). The idea is to chose the lag

order, p, to minimise a function of the form:

IC(p) = Tin o - 2 (pi) p De(T)]

Forp = 1,.....,p*

19



Where o-2 (p) is the estimated regression variance, which depends upon the sample size

and order p of the ADF model. p [f(T)] can be interpreted as a penalty function for

increasing the order of the model, and comprises p times the function f(T). Different

choices of f(T) give different information criteria. The Akaike Information Criterion,

AIC, results from f(T)=2; the Schwartz Information Criterion, SIC, results from

f(I)=1n(I) and the Hannan-Quinn Information criterion, HQIC, results from

f(T)=1n(inT).

Patterson (2000), notes that asymptotically (as T co ) AIC overestimates the true

order of the autoregression with positive probability but the AIC's finite sample

performance is not necessarily inferior to the SIC and HQIC. Patterson goes on to

discuss that because the AIC penalty function is less severe than for the SIC, using

the AIC results in larger values of p and a higher order ADF model then if the SIC

had been used. Because autocorrelated errors in the ADF will invalidate the use of

the ADF critical values, it important that the ADF model is not underspecified.

Consequently, the AIC, which maximises the number of lags in the ADF, should be

the preferred information criterion but may result in a testing procedure with low

power.

De Jong (1992), complained about the low power of unit root tests and concluded that

tests with higher power needed to be developed. Such a test was developed by Elliot,

Rothenberg, and Stock (ERS) (1996), who derived an asymptotic power envelope for

point optimal tests (tests that optimise the power of testing the null hypothesis of a

unit root) at a predetermined point in Gaussian time series. ERS propose a set of tests

whose power functions are tangent to the power envelope at one point and never too

far below the envelope. These tests are denoted PT (0.5) and ERS suggest that the

Dickey-Fuller (GLS-DF) has a limiting power function closer to that of the PT(0.5)

tests than the conventional DF t-test.

If y, is the time-series under consideration. The GLS-DF t-test can be used to test the

hypothesis a0=0 from the equation:

Ay d , = ao y d ,-1 +	 + ...+ ap Ay d ,-p + error
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where 11 is the locally detrended series	 The trending depends on whether there is

an observed linear trend in the data. If a trend is present then:

Yd1

where (k,h,) are determined by regressing y on where

y = [y i , (1 –	 (1 – avT

= [zl,(I –ãL)z2,..., (l– L)zT]

and

z, = (1, t)', -ce = 1 +

The a- that generates the asymptotic power depends on the level of significance, E.

ERS suggest using c7 = -7 in the model with drift and U= -13.5 in the linear trend

case. These values result in the limiting power function of the DF t-test, applied to

the locally trended data, being within 0.01 of the power envelope for 0.01<E <0.10.

ERS provide a table of critical values for the GLS-DF test.

Cointerration
Typically, a linear combination of I(1) variables is 41). However, if a linear

combination of non stationary variables is I(0) then the variables are cointegrated

which means that there is an equilibrium linear relationship which maintains a

stationary difference between the variables in the long run (Doyle, 2001).

Using single equations such as the Engle-Granger (EG) approach to test for

cointegration involves a linear combination of a set of variables with a particular

normalisation where at least two variables are nonstationary but integrated of the

same order. Dickey-Full error ADF tests are then used to determine whether the

residuals of the regression are stationary or have a unit root. If the residuals are
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stationary then we conclude that there is a long run steady state relationship between

the variables, the variables are cointegrated.

iToblems with tho single equrt: n approach:
If OLS is used to estimate the linear regressions then even when there is cointegration,

there are finite sample problems. OLS estimates will be super-consistent, OLS

estimates will converge in probability to the true parameters at a faster rate than in the

stationary case. However, the estimates will be biased because of simultaneity bias

(the Cov(X,u) is not equal to zero), making the standard errors and t-stats inaccurate.

Harris (1995) explains another difficulty, that if there are n> 2 variables in the model

then there is the possibility of more than one cointegrating vector. It is possible for up

to n-1 linearly independent cointegrating vectors to exist and it is only possible to

show that the cointegrating vector is unique when there are two variables in the

model. Another problem with the single equation approach is that ADF tests for

stationarity of the residual term are not invariant to the normalisation of the

cointegrating regression. This means that there is no consistency between

normalisations so that all normalisations would have to be investigated before

concluding whether or not a cointegrating relationship existed.

Johansen Process:
Johansen uses a method based on reduced rank regression to separate long run

relationships into those which are stationary (creating cointegrating vectors) and those

which are non-stationary (based on common trends) (Harris 1995). Testing for

'reduced rank' is analogous to testing for the number of cointegrating vectors in the

model and can be done with Johansen's trace and maximal-eigenvalue tests.

Before using the Johansen approach it is necessary to determine the order of

integration of the variables in the system to ensure that cointegration is possible

between the variables. Cointegration is possible if there is more than one of each

variable that is integrated of an order greater than zero. The Johansen procedure uses a

multivariate system based on a vector error-correction model (VECM) that contains

information on short and long run adjustments to changes in variables in the model.
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A vector z, of n potentially endogenous variables can be specified as an unrestricted

vector autoregression (VAR) involving up to k-lags of zt:

=	 1+	 AkZ,_k 1-11 1 	 u, IN(0,E)	 (1)

where zt is (nx 1) and each of the A. 1 is an (nxn) matrix of parameters. Therefore,

equation (1) can be reformulated into a vector error-correction model (VECM) of the

form20:

Az, =	 + + rk _ i Az, _k +1 + Flz,_ k +211

where F1 = –(I – A 1 –	 A,),(i =1,...,k –1) and H = (I	 AK)

This way of specifying the system contains information on both the short and long run

adjustment to changes in z t via the estimates of t, and ñ (Harris 1995). Fl = ar,
where a represents the speed of adjustment to disequilibrium, while /3 is a matrix of

long run coefficients so that the rz, term represents up to (n-1) cointegrating

relationships in the model which ensure that z, converges to their long-run steady state

solutions. Doyle (2001), discusses how the inclusion of error correction terms allows

for adjustments of changes in variables in the vector z i to their long-run equilibrium

values to be identified, providing information on the speed of adjustment. When an

error correction term has a statistically significant coefficient and displays the

appropriate negative sign21 , the hypothesis of an equilibrium relationship between the

variables in the cointegrating relationship is valid.

20 This formulation is based on the Granger Representation Theorem (Engle and Granger, 1987), that a
valid cointegrating relationship between a set of variables may be represented as a cointegrating system
or as an ECM for the variables.
21 The negative sign is required for the error correction term to ensure that the time series approaches
equilibrium from a disequilibrium position. If the series in the previous period was above equilibrium,
the lagged residual will be positive. The negative error correction coefficient implies that the
equilibrium adjustment in the present period will be negative, decreasing the series back towards
equilibrium. Alternatively, a positive error correction adjustment implies that the series was below
equilibrium in the previous period and an increase in the series is required for it to return to
equilibrium.
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Harris (1995), notes that when using the cointegrating results obtained from the

Johansen procedure to formulate an error correction model (ECM), the researcher has

to decide whether an intercept or trend should enter the short and/or long-run model.

Most commonly, there will be linear trends in the levels of the data, so the ECM must

allow for the non-stationary relationships in the model to drift. For the ECM:

B

Az, =	 + a Pi z,_„ +aji 2 ö1 + al82 t + u,

al

this means that 81 = 82 = 0. It is assumed that the intercept in the cointegrating

vectors is cancelled by the intercept in the short-run model, leaving only an intercept

in the short run model (p1 combines with p 2 to provide an overall intercept contained

in the short-run model). The resulting model has no deterministic trend variable and

an intercept only in the short-run model.

If H has full rank (there are r = n linearly independent columns) then the variables in

zi are all 1(0), if the rank of 11 is zero then there are no cointegrating relationships.

The most common finding is that 11 has reduced rank (there are r (n-1)

cointegrating vectors). Testing for the rank of ri is equivalent to testing which

columns in cc are zero. Harris (1995) notes that this presupposes that it is possible to

factorise H into 11 = ale" Johansen uses reduced rank regression to calculate the

number of linearly independent columns in fl where each linearly independent

column increases the rank of H by one. The number of non-zero eigenvalues in 11

corresponds to the rank of 1-1 and the number of cointegrating vectors or the number

of equilibrium relationships.

To determine the rank, the trace or maximum eigenvalue test statistics can be used to

determine the rank of 11 . The trace statistic can be defined as:

trace(r0
 k) =—T	 1n(1

i=ro+1
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Where 2 are the estimated eigenvalues and ro (the rank of the II matrix), ranges

from 0 to k-1. The statistic testes the null hypothesis r < ro against the alternative

hypothesis r > ro+1. The first test in the sequence is that ro=0 against the alternative

that r0+1=1 if the null hypothesis is accepted then the testing sequence stops and the

researcher is able to conclude that r=0. If the null hypotheis is accepted then testing

continues with the null that ro=1. The testing sequence continues until the null

hypothesis is accepted. The second test statistic is the maximum eigenvalue test that

is similar to the trace test but changes the alternative hypothesis from r > ro+1 to r =

r0+1. The maximal eigenvalue test is an attempt to improve the power of the test by

limiting the alternative hypothesis to cointegration rank just one more than under the

null hypothesis (Patterson). The maximal eigenvalue test statistic can be defined as:

A, max = —T ln(1 —2k)

For a given rank hypothesis, H(r) there exists a test statistic Q, and a critical value,

ck,„ for a given confidence level obtained by Johansen through simulation. If the test

statistic is greater then the critical value then reject the null hypothesis, if the test

statistic is less that the critical value then accept the null hypothesis.

Aev7ntages of the Johansen method
The Johansen approach has several advantages over the single equation approach: The

Johansen approach includes a test for the number of cointegrating vectors whereas

single equation methods identify only individual cointegrating vectors. Johansen

adopts a systems approach so no assumptions are made about which variables are

exogenous and which are endogenous and so avoids inconsistent cointegration

findings based on normalisations on different variables.
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Johansen models can allow for dynamic adjustment over time, which avoids the static

regression assumption in the Engle-Granger model. The Johansen approach can be

extended to 1(2) variables where the practice with 1(2) variables in single equation

models is to replace them with some form of differencing (losing inference about

level effects).

DLo,dvantages of the Johanscn method
There are also a number of disadvantages to using the Johansen approach: The

Maximum likelihood method used for the VECM, which is the basis for the eigen-

values used in the maximum eigenvalue and trace tests, produces biased estimators

unless the residual errors are normally distributed. Avoiding bias in the process

involves setting the appropriate lag-length for the variables, however, researchers are

constrained by degrees of freedom in small samples because each additional lag adds

a new line of regression to the system. Also, because of the systems method approach,

bias caused from incorrectly estimating one equation will pollute the entire system of

equations. Harris (1995) states that Johansen estimators have a high variance and

higher probability of producing outliers than LS methods. Lastly, the Johansen

process is a purely statistical process where Economic theory may not be able to be

reconciled with the identified combinations of cointegrating variables.

Diagnostic testing
Gujurati (1995), identifies that hypothesis testing presumes that the model chosen for

empirical analysis is adequate in the sense that it does not violate any of the

underlying assumptions of the classical normal linear regression model. One of these

assumptions is that the random error term follows a normal distribution. This is

important in finite samples because the t, F and chi-square tests require the normality

assumption. Therefore, Gujurati (1995), recommends tests of model adequacy,

including normality testing, before hypothesis testing.
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For a normal distribution, skewness = 0 and kurtosis = 3. This implies that a normal

distribution is symmetric and mesokurtic. A test of normality is therefore to test

whether the values of skewness and kurtosis are different from 0 and 3. This

hypothesis can be tested using the Jarque-Bera (JB) test of normality:

JB = n
	 (K 3)2 

6	 24

Where S stands for skewness and K for kurtosis. The null hypothesis is for a normal

distribution and the JB test statistic has a Chi-square distribution with 2 degrees of

freedom.

Heteroscedasticity is a term to describe the situation when the variance of residuals is

not constant (as in the case of homoscedasticity). When heteroscedasticity is present,

the OLS estimate of the error variance is no longer the an unbiased estimator. This

result causes inaccurate standard errors for parameter estimates so the conventionally

calculated confidence intervals and t and F-tests cannot be relied upon. Failure to test

for heteroscedasticity could therefore results in variables being erroneously included

or excluded from the model, causing the model to have a poor fit. Because the actual

variance of residuals is unobservable it can be proxied by the squaring the observed

residuals from the model. If a regression of the squared residuals on squared fitted

values has a significant coefficient then there is a statistically significant relationship

between the variables so that the variance changes over time and is therefore

heteroscedastic.

The Durbin-Watson d-statistic can be used to test for first order autocorrelation and is

defined as:
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d = t=2	 
t=n

p. 2
t

t=1

where /4, 2 is the estimated residual from the equation of interest. Unlike the t, F, or

X 2 tests, there is no unique critical value that will lead to the rejection or acceptance

of the null hypothesis that there is no first-order serial correlation in the residuals.

Instead, if the computed test statistic lies outside the lower bound d1 or upper bound

4, a conclusion can be reached about whether there is positive or negative

autocorrelation. These upper and lower bounds are dependent on the sample size and

number of explanatory variables in the tested model (Gujurati, 1995)

Multicollinearity refers to the existence of a linear relationship between the

explanatory variables. Gujurati (1995), outlines the effects of multicollinearity on an

OLS regression. If there is a perfect linear relationship between the explanatory

variables then the regression coefficients are indeterminate with infinite standard

errors. If the linear relationship is imperfect then the regression coefficients are

determinate but have inflated standard errors that mean that the coefficients cannot be

estimated with precision or accuracy. Multicollinearity may be detected by large

differences between the R2 of a model and the T2 values for the explanatory variables.

3. Data a lc' analysis of empirical res.- tLts
Exact data references and calculation methods for the variables in this study are

provided in Appendix One. All variables in this study are in logs and represent

quarterly observations. The GLS-DF unit root tests for all of the variables in this

study, are grouped by the equation that they appear in and are reported in Appendix

One.

Structural Analysis
An examination of the quarterly real exchange rate series in Chart 1, reveals that the

rate of change during the 1960s Bretton Woods fixed exchange rate regime, was
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virtually zero. Following the announcement that the Canadian dollar would be floated

in 1970, the exchange rate becomes more volatile. From Chart 1, the September

quarter in 1970 appears to be the start of a higher volatility period, where the average

rate of change in the exchange rate series was greater than in the Bretton Woods

structural period. Because sample data for this study is 1972Q3, and the rate of

change in the exchange rate appears to be constant for the duration of the sample

period, there does not appear to be any structural shifts in the sample period.

Therefore, a single GARCH and Forward-Difference model can be calculated to

measure exchange rate volatility over the sample period.

Chart 1. The Real Can/US Exchange Rate

GARCH exchange rate volatility

The log of the real exchange Can/US exchange rate was used to estimate the GARCH

model. An OLS autoregression of the exchange rate series, starting with ten lags and
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"testing down" (removing the highest order lag at each calculation if it is determined

to be insignificant, then recalculating the model) until a parsimonious export

specification is achieved, revealed the exchange rate to be a first order autoregressive

process. Results of this testing are reported in Appendix 3. The stationarity of the

residual from the exchange rate regression was confirmed using a GLS-ADF test. This

indicates that there is a valid cointegrating relationship between the I(1) exchange rate

variables22 . However, the squared exchange rate residual series was determined to be

I(I), and because of the GARCH construction, the GARCH volatility proxy will have

the same order of integration as the squared residual series. Therefore, the GARCH

volatility series is assumed to also be 41). The conditional variance parameters

satisfy the restrictions for a positive conditional variance and although the exchange

rate series is not stationary, cointegration can be used as evidence of a valid long run

relationship between the exchange rate variables.

The coefficients for the GARCH proxy are reported in Table One.

Table One. The GARCH volatility proxy

GARCH(1,1) assuming a normal distribution converged after 87 iterations

Dependent variable is XR. 96 observations used for estimation from 2 to 96
Regressor	 Coefficient	 Standard Error	 T-Ratio[Prob]
XR(-1)	 .99816	 .0027954	 357.0760[000]

R-Squared	 .99108	 R-Bar-Squared	 .99106
F-stat.	 F( 2, 996)55334.4[.000]	 DW-statistic

	
1.9082

Parameters of the Conditional Heteroscedastic Model
Explaining H-SQ, the Conditional Variance of the Error  Term

Coefficient Asymptotic Standard Error T Ratios
Constant 1257E-6 .2425E-5 .518
E-SQ(- 2) .14683 .032445 4.526*
H-SQ(- 2) .76018 .021221 35.822*

" • stanes or t e con. tiona variance o t e error term.
E-SO stands for the square of the error term.

* Indicates statistical significance at the 5% level.

Engle and Granger (1987).
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After specifying the GARCH(1,1) model, the Johansen technique is used to test for a

cointegrating relationship between the GARCH estimate and the observed three-

monthly variance. 23 The Johansen results are reported in Appendix 3.

Table Two. The GARCH-3 Monthly Variance ECM

Ordinary Least Squares Estimation
Dependent variable is DVAR
86 observations used for estimation from 1972Q3 to 1993Q4

Regressor Coefficient Standard Error T-Ratio[Prob]
ONE -8.2891 1.1028 -7.5161[000]
ECM1 -.82043 .10781 -7.6097[.000]
DGARCH -5.8860 51.5886 -.11409[909]

R-Squared	 .41117
DW-statistic	 1.9901
Normality (JB Stat)	 CHSQ( 2)= 21.9347[000]*

The Forward-Difference volatility proxy24

Using GLS-ADF tests the variance and forward difference series were determined to

be I(1), therefore, Johansens's cointegration technique was used to test for a valid

cointegrating relationship. After determining a valid cointegrating relationship, an

ECM was formed. The cointegration tests and ECM are reported in Appendix 4. The

heteroscedasticity test-statistic in Appendix 4, indicates that presence of

heteroscedasticity. This can be corrected using the "hetcov" command in Shazam

which estimates the error correction model, using the variables from the cointegrating

vector, in an OLS regression with a heteroscedasticity consistent covariance matrix.

This method of calculation removes the heteroscedasticity bias which inflates the

23 Cointegration is tested because the three-monthly variance estimate was also determined to be 1(1).
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standard errors, so that t and F-statistics can have reliable inference. Results from the

heteroscedasticity corrected model are reported in Table Three:

Table Three. The Forward-Difference ECM

VARIABLE ESTIMATED
NAME	 COEFFICIENT

ECM1	 -0.32500E-02
D(F-S)	 -1.1236
CONSTANT -0.25660E-01

STANDARD T-RATIO
ERROR	 90 DF 
0.2329E-02 -1.396

0.2586E-01	 -43.45
0.4410E-01	 -0.5819

P-VALUE

0.166
0.000

0.562

MEAN OF DEPENDENT VARIABLE = 0.49322E-02
R.-SQUARE = 0.9662

Where ECM1 is the error correction term with the appropriate negative sign and D(F-

S) is the forward-difference estimate. Both estimates are highly significant.

The heteroscedasticity adjusted ECM has a much higher R2 than the unaltered

Forward-Difference ECM and the GARCH ECM25 . Therefore, the Forward

difference volatility proxy will be used as the short run measure of exchange rate

volatility in the export equation.

The Exp_.ft Equations

After determining that all of the variables in the export demand and supply equations

are 41), the Johansen cointegration technique was used to determine valid

cointegrating relationships. The cointegration results are reported in Appendix 5 The

second reported cointegrating vector for the demand variables was used to form a

demand ECM and the sixth possible cointegrating vector for the supply variables was

used to form an ECM for the supply variables. The cointegrating vectors were chosen

24 This model was used in Doyle (2001).
25 Detailed test statistics are reported in Appendix 4.
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on the basis of the cointegrating coefficients having the correct a priori signs26 . The

estimated export demand and supply are reported in Tables Four and Five.

Export Demand Equation

Equation 1 in Table Four, represents the initial demand ECM, but the

heterscedasticity test statistic (HET P-VALUE=0.934) is less than the five percent

level of significance, implying heteroscedasticity. Equation 2 in Table Four,

represents the demand ECM that is calculated with a heteroscedasticity consistent

covariance matrix. The "summary statistics" can be used to test the properties of

Equation 2. The Durbin d-statistic suggests the rejection of the null hypothesis of

autocorrelation and the JB-statistic suggests that the residual terms are normally

distributed. As expected, foreign income is positively related to export demand

although so is the competitiveness variable, which is expected to have a negative

coefficient. Aside form the seasonal dummy variables and constant term, "POSDIF"

is the only significant explanatory variable with a coefficient of 7.04, suggesting that

the cumulative under valuation of the Canadian currency has a very significant

positive effect on exports. The error correction term ECM I , has the required negative

sign but is insignificant so that the export equation does not explain long run

converging behaviour towards the equilibrium export value.

Export Supply Equation

As with the export demand equation, the initial export supply equation (Equation 3, in

Table Five) suffered from heteroscedasticity and was re-estimated with a

heteroscedasticity consistent matrix (Equation 4, in Table Five). Equation 4, does not

have first order serial correlation in the residual terms based on the Durbin d-statistic

but does suffer form non-normality of the residuals (based on the JB-statistic). The

finding of non-normality of the residuals undermines the reliability of the t and F-

statistics that are used to determine the significance of the explanatory variables.

Unfortunately, there is not a readily available solution to this solution so the analysis

of the export supply coefficients will continue although no definite conclusions can be

26 The expected signs for the coefficients are discussed in Section Two.
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formed. The error correction term is significant but does not have the required

negative sign for a valid long-run cointegrating relationship 27 . The profitability

variable has the expected positive sign although the DDP variable also has a positive

sign. Explanations for the positive sign of DDP have been discussed in the "Methods

Section". The key result is that all three volatility estimates are significant although

there is no consistent positive or negative effect. This result, albeit undermined by the

non-normality of the residuals, identifies that exchange rate volatility has different

effects depending on whether the short or long run volatility is investigated, and even

when long run volatility is measured over the same period, it matters whether the

distinction is made between over or under valuation effects.

27As mentioned in Doyle (2001).
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Table Six. Regression results for the export demand error correction model

Equation
Constant ACOMP AGDP A VOL ECM1 ANEGDIF APOSDIF D2 D3 D4 Summary Statistics

1 0.1022 0.15029 070969 0.003323 -0.02549 1.78 -3.1624 0.081647 -0.11249 0.096458 R-SQUARE 0.81678
(1.9315*) (0.798) (1.4807) (1.3787) (-1.8967) (1.1832) (-2.64561 (6.16281 (-8.5721*) (7.2856*) R-SQUARE ADJUSTED 0.79738

DURBIN-WATSON 1.9876
JB P-VALUE 0.027
HET P-VALUE 0.934

2 0.04449 0.14529 0,70634 0.003362 -0.0257 1.7921 -3.1508 0.08154 -0.11262 0.096312 R-SQUARE 0.8116
(-2.0881 (0.7947) (1.7) (1,622) (1.15) (-2.698) (7.0041 (-8.8921 (7.281 (2.315) R-SQUARE ADJUSTED 0.791

DURBIN-WATSON 1.9683
JB P-VALUE 0.049

Notes: Figures in brackets are the t-statistics, * denotes significance at the 5% level.
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Table Seven. Regression results for the export supply error correction model

Esuation
Constant ECM1 AVol APROF ADDP ACAP ANEGDIF APOSDIF	 D2 D3 D4	 Summary Statistics

3

4

0.899
1.2873

-0.27391
(3*)

-0.029187
(-2.33861

0.32425
(3.0711

0.016649
(1.3081)

0.33393
(2.7341

-0.02089
(-0.46085)

0.25142
(2.9511

-0.034991
(-0.54269)

0.57992
(2.7611

-0.082051
(-1.714)

0.43441
(-1.8831

-0.030745
(-0.56596)

-1.3143
(-2.1491

-0.18516
(-1.911)

-1.3945
(4.941*)

0.08451
(6.16681

0.06632
(-6.2431

-0.1107
(-8.12191

-0.0921
(7.859*)

0.10157	 R-SQUARE
(7.3795*)	 R-SQUARE

ADJUSTED
DURB1N-WATSON
JB P-VALUE
HET P-VALUE

0.09827 R-SQUARE
-0.3953 R-SQUARE

ADJUSTED
DURBIN-WATSON
JB P-VALUE

0.80031
0.77654

2.0116
0.155
0.404

0.81
0.7863

1.9872
0.934

Notes: Figures in brackets are the t -statistics, * denotes significance at the 5% level.
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4.Conclusions

The effects of short and long run exchange rate risk on Canadian non-food

manufactured exports has been investigated using GARCH, Forward-Difference and

PPP volatility effects. The stationarity of the variables in this study was accessed

using GLS-DF tests, which increase the power of the unit root testing procedure. The

Johansen cointegration technique was used to prove that there were long run

relationships between variables and cointegrating vectors with the correct a priori

signs were then used to form export demand and supply, error correction equations.

Selecting cointegrating vectors with the appropriate signs did not result in all of the

variables in the ECM's having the anticipated signs. Both the export demand and

supply ECM's were re-calculated with heteroscedastic covariance matrices to correct

for heteroscedasticity. However, the significance testing in the export supply ECM is

undermined by the finding of non-normality of the residuals.

The purpose of this study was to determine whether the choice of export specification

had a determining effect on whether exchange rate volatility was found to be

significant. This hypothesis was tested by comparing the significance of short and

long run volatility estimates in export demand and supply equations. The empirical

evidence from this study is that long run exchange rate under valuation affects both

export demand and export supply. However, short run volatility and long run

exchange rate over valuation was also detei 	 mined to be significant in the export

supply equation but not in the demand equation. This result illustrates the

inadequacies of previous empirical studies that only test the effects of short run

exchange rate volatility with export demand equations.

The export invoice currency is used to determine that exchange rate volatility should

be tested with an export supply equation for Canada. The empirical results suggest

that this is an accurate proxy and would have led to the more significant volatility

effects being determined than using an export demand equation.
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The results of this study lead to the conclusion that Canadian exports are susceptible

to both short and long run volatility effects. Therefore, the policy initiatives listed in

the introduction, to stabilise Canada's exchange rate with the US, should be

investigated as a possible means of boosting Canadian exports.
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Appendix One

Variable	 Data Reference

GARCH Volatility Model
Real Exchange Rate:
Nominal Exchange Rate	 dX Tables

US Dollar exchange rate: Monthly
average: Canada
CAN.CCUSMA02.ST
CAD/USD
M: Jan-1960: May-2000

Canadian CPI
	

dX Tables
Consumer prices: All items: Canada
CAN.CPALTT01.1X0B
1995=100
M: Jan-1960: Apr-2000

US CPI
	

dX Tables
Consumer prices: All items: United
States
USA.CPALTT01.1X0B
1995=100
M: Jan-1960: Apr-2000 

Forward Difference (FS)
Forward Rate (F)
	

dX Tables
Canada: Finance: Exchange rates:
US $: Forward: 90 days (end of
month)
CAN.CCUSF001.ST
USD/CAD
M: Jan-1961: May-2000

Spot Rate (S)
	

dX Tables
US Dollar exchange rate: Monthly
average: Canada
CAN.CCUSMA02.ST
CAD/USD
M: Jan-1960: May-2000
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Exports:
The manufactured export series was derived from combining two export
series: "Fabricated Materials, Inedible" and "End Products, Inedible".

The weights assigned to each series were determined by the contribution of
each series, to total exports in 1992 (where 1992 is used as a representative
year for the entire sample).

The weights were 0.423788 for "Fabricated Materials, Inedible" and 0.576212
for "End Products, Inedible".

The volume series for both classifications was divided by their respective
price indices and then combined using the above weights to create a unit
value series for aggregate, non-food manufactured exports.

Export Volume Indices:

"Fabricated Materials, Inedible"
	

Cansim II Tables from Canada's
Department of Statistics:
v640553 - from Table 228-
00051,2,3,4,5,6: Merchandise imports
and exports balance of
payments/customs-based price and
volume indexes

"End Products, Inedible"
	

Cansim II Tables from Canada's
Department of Statistics:
v640579 - from Table 228-
00051,2,3,4,5,6: Merchandise imports
and exports

Export Price Indices:
"Fabricated Materials, Inedible"

	
Cansim II Tables from Canada's
Department of Statistics
v640213 - from Table 228-
00051,2,3,4,5,6: Merchandise imports
and exports
balance of payments/customs-based
price and volume indexes

"End Products, Inedible"
	

Cansim II Tables from Canada's
Department of Statistics
v640239 - from Table 228-
000512,3,4,5,6: Merchandise imports
and exports
balance of payments/customs-based
price and volume indexes
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Export Price (x.)
Domestic Price (pd)

Domestic Demand Pressure (DDP):
(The sum of private final
consumption, government final
consumption and gross fixed capital
formation)
Private Final Consumption

See "Ex ort Price Indices" 	
dX Tables
Consumer prices: All items: Canada
CAN.CPALTT01.1X0B
1995=100
M: Jan-1960: Apr-2000

dX Tables
Canada: Expenditure on GDP: (sa):
Private final consumption
CAN.NAGVCE01.NCALSA
bin 92 CAD
Q: Mar-1961: Mar-2000

See "Exeort Value Indices"
dX Tables
Canada: Production: Rate of capacity
utilisation: Manufacturing
CAN.PRCUMN01.ST

Value of Manufactured Exports
Rate of Capacity Utilisation

(F-S) Volatilit Proxy See "Forward Difference"
See "Real Exchan se Rate"

Posdif See "Real Exchan e Rate"
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See "Real Exchan
See "Real Exchan

e Rate"
e Rate"

(FS) vol
Ne dif
Posd if

See "Forward Difference

Ex ort Demand Model
Competitiveness (
Export Price (xp)
Foreign Price (pf)

See "Export Price Indices
dX Tables
Consumer prices: All items: United
States
USA.CPALTT01.1X0B
1995=100
M: Jan-1960: Apr-2000

Foreign Income dX Tables
United States: Gross domestic
product: By expenditure
USA.EXPGDP.LNBARSA
bin 95 USD AR
Q: Mar-1970: Dec-1999
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Appendix Two

Table 2. Critical values for the Elliott-Rothenberg-Stock DF-GLS
test

Critical Values
Sample Size 1% 5% 10%

50 -3.77 -3.19 -2.89
100 -3.58 -3.03 -2.74

200 -3.46 -2.93 -2.64
00 -3.48 -2.89 -2.57

Export Price
Regression:
1(2) vs
1(0)
Variable Export Price Cost of Foreign Prices

Production
Test -9.3197 -241.92 -5.5118
Stat
ADF 0 0 3
Lags

1(1) vs
1(0)
Variable Export Price Cost of Foreign Prices

Production
Test 0.17271 -2.50E-02 -1.2322
Stat
ADF 1 3
Lags

GARCH Volatility
Model
1(2) vs
1(1)
Variable XR XR Residual Squared XR

Res
Test -5.3124 -7.4028 -23.1515
Stat
ADF 3 0
Lags
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1(1)
vs1(0)
Variable XR XR Residual Squared XR

Res

Test
Stat
ADF
Lags

GARCH
1(2) vs
1(1)
Variable

-1.3626

3

ECM

Variance

-3.975828

0

GARCH
estimate

-2.5682

0

Test
Stat
ADF
Lags

1(1) vs
I(0)
Variable

-9.4249

2

Variance

-13.3369

1

GARCH
estimate

Test
Stat
ADF
Lags

Forward
ECM
1(2) vs
1(1)
Variable

-1.5762

2

Difference

Variance

-2.3119

0

(F-S) vol
Test
Stat
ADF
Lags

-9.4249

2

-8.4636

1

28 The Exchange rate residual variable is stationary at the 1%, 5% and 10% levels of significance and is
proof of cointegration between the 1(1) variables in the GARCH exchange rate regression:
XR, = a() + a1XRt-1
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1(1) vs
1(0)
Variable
Test
Stat
ADF
Lags  

Variance
-1.5762

2

(F-S) vol
-1.8401

0

Export Supply Model
1(2) vs
1(1)
Variable Profitabilit DDP Capacit (F-S) vol Ne g dif Posdif
Test
Stat
ADF
Lags

-7.506

1

-8.1146

0

-4.844

2

-8.4636

1

-4.0581

1

-3.7355

4

1(1) vs
1(0)
Variable Profitability DDP Capacity (F-S) vol Negdif Posdif
Test 1.2034 -3.1318 -1.5206 -1.8401 1.8039 -3.082829
Stat
ADF 0 0 0 0 0 0
Lags

Export Demand Model
1(2) vs
1(1)
Variable Competitiven

ess
Foreign
Income

(F-S) vol Negdif Posdif

Test -11.0342 -5.6124 -8.4636 -4.0581 -3.7355
Stat
ADF 3 4 1 1 4
Lags

1(1) vs	 1(0)
Variable Competitiven

ess
Foreign
Income

(F-S) vol Negdif Posdif

Test -1.1103 -1.4378 -1.8401 1.8039 -3.0828
Stat
ADF 0 3 0 0
Lags

29 The variable 'Posdif' is stationary at the 1% level of significance.
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Based on DF-GLS testing, it can be concluded that all of the variables in the study,
except the 'exchange rate residual' and `posdif variables, are integrated of order one
at the 1%, 5% and 10% levels of significance.

Appendix Three

Garch Cointegration Results

Exchange Rate Estimation

Ordinary Least Squares Estimation

Dependent variable is XR
96 observations used for estimation from 2 to 96

Regressor Coefficient Standard Error T-Ratio [Prob]

ONE -.6594E-5 .3216E-4 -.20503[.838]
XR(-1) 1.0310 .032000 32.2191[000]

XR(-2) -.096632 .045958 -2.1026[036]

XR(-3) .019596 .046088 .42519[671]
XR(-4) .054402 .046080 1.1806[238]

XR(-5) -.014837 .045999 -.32255[747]

XR(-6) -.012263 .045964 -.26680[.790]

XR(-7) .070764 .045970 1.5393[124]
XR(-8) .035922 .046016 .78065[.435]
XR(-9) -.042605 .045868 -.92887[.353]

XR(-10) -.043493 .045776 -.95011[342]
XR(-11) .030741 .045715 .67245[501]

XR(-12) -.038388 .031758 -1.2087[227]

R-Squared	 .99139 R-Bar-Squared 	 .99129
S.E. of Regression	 .0010107 F-stat. F( 12, 975) 9356.7[.000]
Mean of Dependent Variable .2671E-4 S.D. of Dependent Variable .010826
Residual Sum of Squares .9959E-3 Equation Log-likelihood 	 5419.0
Akaike Info. Criterion 	 5406.0 Schwarz Bayesian Criterion	 5374.2
DW-statistic	 1.9980
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Regressor
	 Coefficient	 Standard Error	 T-Ratio[Prob]

ONE -.7201E-5 .3234E-4 -.22264[824]

XR(-1) 1.0398 .031829 32.6673[.000]

GARCH EXCHANGE RATE ESTIMATION

Ordinary Least Squares Estimation

Dependent variable is XR
96 observations used for estimation from 2 to 96

R-Squared .99108
	

R-Bar-Squared .99118
S.E. of Regression	 .0010166

	
F-stat. F(2, 985) 55473.5[.000]

Mean of Dependent Variable .2671 E-4 S.D. of Dependent Variable .010826
Residual Sum of Squares	 .0010180 Equation Log-likelihood 5408.2
Akaike Info. Criterion 5405.2 Schwarz Bayesian Criterion 5397.8
DW-statistic	 1.9946

TEST OF RESIDUALS

Unit root tests for residuals
Based on OLS regression of XR on:
XR(-1) 96 observations used for estimation from 2 to 96

Test Statistic LL	 AIC	 SBC	 HQC
DF	 -30.0136 5396.2 5395.2 5392.7 5394.2
ADF(1)	 -23.0349 5398.0 5396.0 5391.1 5394.1
ADF(2)	 -19.2209 5398.6 5395.6 5388.3 5392.8
ADF(3)	 -16.1278 5398.7 5394.7 5384.9 5391.0
ADF(4)	 -14.4583 5398.8 5393.8 5381.5 5389.1
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ADF(5) -13.3719 5398.9 5392.9 5378.3 5387.4
ADF(6) -11.5802 5400.7 5393.7 5376.6 5387.2
ADF(7) -9.8837 5405.0 5397.0 5377.4 5389.6

ADF(8) -8.9751 5406.1 5397.1 5375.1 5388.8
ADF(9) -8.5528 5406.2 5396.2 5371.7 5386.9
ADF(10) -7.9407 5406.8 5395.8 5368.9 5385.6
ADF(11) -7.9120 5407.2 5395.2 5365.9 5384.1

ADF(12) -8.0658 5408.5 5395.5 5363.7 5383.4

95% critical value for the Dickey-Fuller statistic = *NONE*

GARCH(1,1) assuming a normal distribution converged after 87 iterations

Dependent variable is XR. 96 observations used for estimation from 2 to 96
Regressor	 Coefficient	 Standard Error	 T-Ratio[Prob]
XR(-1)	 .99816	 .0027954	 357.0760[000]

R-Squared	 .99108
.E. of Regression	 .0010267
Mean of Dependent Variable .1752E-3
Residual Sum of Squares .0010499
Akaike Info. Criterion 	 5477.2
DW-statistic	 1.9082

R-Bar-Squared	 .99106
F-stat. F( 2, 996) 55334.4[.000]
S.D. of Dependent Variable .010860

Equation Log-likelihood	 5480.2
Schwarz Bayesian Criterion 	 5469.8

Parameters of the Conditional Heteroscedastic Model
Explaining H-SQ, the Conditional Variance of the Error Term

Coefficient Asymptotic Standard Error T Ratios
Constant .1257E-6 .2425E-5 .518
E-SQ(- 2) .14683 .032445 4.526*
H-SQ(- 2) .76018 .021221 35.822*

H-SQ stands for the conditional variance of the error term.
E-SQ stands for the square of the error term.

* Indicates statistical significance at the 5% level.
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Test Statistics and Choice Criteria for Selecting the Order of the VAR Model

Based on 86 observations from 1972Q3 to 1993Q4. Order of VAR = 10
List of variables included in the unrestricted VAR: VAR GARCH
List of deterministic and/or exogenous variables: ONE

Order LL AIC SBC LR test Adjusted LR test
10 294.3455 252.3455 200.8042
9 290.2204 252.2204 205.5878 CHSQ( 4)= 8.2501[.083] 6.2355[.182]
8 289.7136 255.7136 213.9897 CHSQ( 8)= 9.2638[.321] 7.0017[536]
7 287.4409 257.4409 220.6257 CHSQ( 12)= 13.8091 [.313] 10.4371 [.578]
6 280.9629 254.9629 223.0564 CHSQ( 16)= 26.7652[.044] 20.2295[210]
5 276.3345 254.3345 227.3367 CHSQ( 20)= 36.0219[015] 27.2258[129]
4 275.3867 257.3867 235.2976 CHSQ( 24)= 37.9175[035] 28.6586[.233]
3 273.7390 259.7390 242.5586 CHSQ( 28)= 41.2128[.051] 31.1492[.310]
2 271.3063 261.3063 249.0346 CHSQ( 32)= 46.0783[.051] 34.8266[335]
1 266.5595 260.5595 253.1965 CHSQ( 36)= 55.5718[.020] 42.0020[227]
0 253.9632 251.9632 249.5089 CHSQ( 40)= 80.7645[.000] 61.0429[018]

AIC=Akaike Information Criterion SBC=Schwarz Bayesian Criterion

Cointegration with unrestricted intercepts and no trends in the VAR
Cointegration LR Test Based on Maximal Eigenvalue of the Stochastic Matrix

94 observations from 1970Q3 to 1993Q4. Order of VAR = 2.
List of variables included in the cointegrating vector: VAR	 GARCH
List of eigenvalues in descending order:
.58415	 .30264

Null Alternative Statistic 95% Critical Value 90% Critical Value
r = 0	 r = 1	 82.4793	 14.8800	 12.9800
r<= 1	 r = 2	 33.8831	 8.0700	 6.5000

Use the above table to determine r (the number of cointegrating vectors).

Cointegration with unrestricted intercepts and no trends in the VAR
Cointegration LR Test Based on Trace of the Stochastic Matrix

94 observations from 1970Q3 to 1993Q4. Order of VAR = 2.
List of variables included in the cointegrating vector:
VAR	 GARCH
List of eigenvalues in descending order:
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.58415	 .30264

Null Alternative Statistic 95% Critical Value 90% Critical Value
r = 0 r>--- 1 116.3624 17.8600 15.7500
r<= 1 r = 2 33.8831 8.0700 6.5000

Use the above table to determine r (the number of cointegrating vectors).

Cointegration with unrestricted intercepts and no trends in the VAR
Choice of the Number of Cointegrating Relations Using Model Selection Criteria

94 observations from 1970Q3 to 1993Q4. Order of VAR = 2.
List of variables included in the cointegrating vector:
VAR	 GARCH
List of eigenvalues in descending order:
.58415	 .30264

Rank Maximized LL AIC SBC HQC
r = 0 245.4479 239.4479 231.8180 236.3659
r= 1 286.6875 277.6875 266.2427 273.0646
r = 2 303.6291 293.6291 280.9126 288.4925

AIC = Akaike Information Criterion SBC = Schwarz Bayesian Criterion
HQC = Hannan-Quinn Criterion

Estimated Cointegrated Vectors in Johansen Estimation (Normalized in Brackets)
Cointegration with unrestricted intercepts and no trends in the VAR

94 observations from 1970Q3 to 1993Q4. Order of VAR = 2, chosen r =2.
List of variables included in the cointegrating vector: VAR 	 GARCH

Vector 1	 Vector 2
VAR	 .0032269	 .088246

( -1.0000) ( -1.0000)

GARCH
	

109.9940	 3.8657
( -34086.3) ( -43.8062)

Ordinary Least Squares Estimation
Dependent variable is DVAR
86 observations used for estimation from 1972Q3 to 1993Q4
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Regressor Coefficient Standard Error T-Ratio[Prob]
ONE -8.2891 1.1028 -7.5161[000]

ECM1 -.82043 .10781 -7.6097[.000]

DGARCH -5.8860 51.5886 -.114091.909]

R-Squared	 .41117
S.E. of Regression	 1.5810
Mean of Dependent Variable .0025213
Residual Sum of Squares 207.4713
Akaike Info. Criterion -162.8965
DW-statistic	 1.9901

R-Bar-Squared	 .39698
F-stat. F( 2, 83) 28.9784[.000]
S.D. of Dependent Variable 2.0360

Equation Log-likelihood	 -159.8965
Schwarz Bayesian Criterion -166.5780

Diagnostic Tests
Test Statistics	 LM Version

	
F Version

A:Serial Correlation*CHSQ( 4)= 2.9319[569]*F( 4, 79)= .69708[.596]*

B:Functional Form *CHSQ(	 1)= .16082[.688]*F( 1, 82)= .15362[.696]*

C:Normality	 *CHSQ( 2)= 21.9347[000r	 Not applicable

D:Heteroscedasticity*CHSQ( 1)= .25590[.613]*F( 1, 84)= .25070[618r

A:Lagrange multiplier test of residual serial correlation

B:Ramsey's RESET test using the square of the fitted values

C:Based on a test of skewness and kurtosis of residuals

D:Based on the regression of squared residuals on squared fitted values

Test of Serial Correlation of Residuals (OLS case)
Dependent variable is DVAR
List of variables in OLS regression:
ONE	 ECM1	 DGARCH
86 observations used for estimation from 1972Q3 to 1993Q4

Regressor Coefficient Standard Error T-Ratio[Prob]
OLS RES(- 1) 1.6217 2.4335 .66639[507]

OLS RES(- 2) .28169 .46426 .60676[.546]
OLS RES(- 3) .20933 .14330 .4608[.148]
OLS RES(- 4) -.12131 11981 -1.0126[315]
OLS RES(- 5) .6502E-3 12198 .0053306[.996]
OLS RES(- 6) .079762 .12250 .65112[.517]
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OLS RES(- 7) 19345 .12159 1.5910[.116]
OLS RES(- 8) -.065005 .12631 -.51465[608]

OLS RES(- 9) .0099419 .12799 .077676[938]
OLS RES(-10) -.046278 .12978 -.35659[.722]
OLS RES(-11) -.12590 .12849 -.97979[.330]
OLS RES(-12) -.15341 .14932 -1.0274[.308]

Lagrange Multiplier Statistic CHSQ(12)---- 9.5803[653]
F Statistic	 F( 12, 71)= .74174[.706]

3 VARIABLES AND 85 OBSERVATIONS STARTING AT OBS 1

USING HETEROSKEDASTICITY-CONSISTENT COVARIANCE MATRIX

R-SQUARE = 0.4120 R-SQUARE ADJUSTED = 0.3977

VARIABLE ESTIMATED STANDARD T-RATIO PARTIAL STANDARDIZED
ELASTICITY
NAME COEFFICIENT ERROR 82 DF P-VALUE CORR. COEFFICIENT AT MEANS
ECM I	 -0.82075 0.1161	 -7.068 0.000-0.615 -0.6422 798.2621
DGARCH -5.9106	 33.50 -0.1764 0.860-0.019 -0.0097 -0.0130
CONSTANT -8.2836	 1.128	 -7.343 0.000-0.630 0.0000 -797.2491
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Appendix Four
Cointegration results for the Forward Difference Model

Statistics and Choice Criteria for Selecting the Order of the VAR Model

Based on 86 observations from 1972Q3 to 1993Q4. Order of VAR 10
List of variables included in the unrestricted VAR:
VAR	 FS
List of deterministic and/or exogenous variables:
ONE
*******************************************************************************

Order	 LL A1C	 SBC	 LR test Adjusted LR test
10 -120.6082 -162.6082 -214.1495
9 -121.9856 -159.9856 -206.6182 CHSQ( 4)= 2.7549[.600] 2.0822[721]
8 -126.5612 -160.5612 -202.2851 CHSQ( 8)- 11.9062[155] 8.9988[.342]
7 -127.6248 -157.6248 -194.4401 CHSQ( 12)- 14.0334[299] 10.6066[563]
6 -132.2654 -158.2654 -190.1719 C8S0( 16)= 23.3144[106] 17.6214[.347]
5 -135.8781 -157.8781 -184.8760 CRS(}( 20)~ 30.5400[.062] 23.0825[285]
4 -140.7507 -158.7507 -180.8398 CH8Q( 24)= 40.2851[020] 30.4480[170]
3 -142.9723 -156.9723 -174.1527 C8SQ( 28)- 44.7282[024] 33.8062[207]
2 -148.5147 -158.5147 -170.7864 C8S0( 32)= 55.8130[006] 42.1843[107]
1 -173.8298 -179.8298 -187.1928 CHSQ( 36)- 106.4432[000] 80.4513[000]
0 -197.2236 -199.2236 -201.6779 C8SQ( 40)= 153.2309[000] 115.8140[000]

*******************************************************************************

AIC=Akaike Information Criterion SBC=Schwarz Bayesian Criterion
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Cointegration with unrestricted intercepts and no trends in the VAR
Cointegration LR Test Based on Maximal Eigenvalue of the Stochastic Matrix

93 observations from 1970Q4 to 1993Q4. Order of VAR = 3.
List of variables included in the cointegrating vector: VAR 	 FS
List of eigenvalues in descending order: 22396 .051635

Null Alternative Statistic 95% Critical Value 90% Critical Value
r = 0	 r= 1	 23.5798	 14.8800	 12.9800
r<= 1	 r = 2	 4.9304

	
8.0700	 6.5000

Use the above table to determine r (the number of cointegrating vectors).

Cointegration with unrestricted intercepts and no trends in the VAR
Cointegration LR Test Based on Trace of the Stochastic Matrix

93 observations from 1970Q4 to 1993Q4. Order of VAR = 3.
List of variables included in the cointegrating vector: VAR 	 FS
List of eigenvalues in descending order:.22396 .051635

Null Alternative Statistic 95% Critical Value 90% Critical Value
r = 0	 r>=1	 28.5102	 17.8600	 15.7500
r<=1	 r = 2	 4.9304

	
8.0700	 6.5000

Use the above table to determine r (the number of cointegrating vectors).

Cointegration with unrestricted intercepts and no trends in the VAR
Choice of the Number of Cointegrating Relations Using Model Selection Criteria

93 observations from 1970Q4 to 1993Q4. Order of VAR = 3.
List of variables included in the cointegrating vector: VAR	 FS
List of eigenvalues in descending order: .22396 .051635

Rank Maximized LL	 AIC SBC HQC
r = 0 -166.4155 -176.4155 -189.0785 -181.5285
r= 1 -154.6256 -167.6256 -184.0875 -174.2725
r = 2 -152.1604 -166.1604 -183.8886 -173.3185

AIC = Akaike Information Criterion SBC = Schwarz Bayesian Criterion
HQC = Hannan-Quinn Criterion
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Estimated Cointegrated Vectors in Johansen Estimation (Normalized in Brackets)
Cointegration with unrestricted intercepts and no trends in the VAR

93 observations from 1970Q4 to 1993Q4. Order of VAR = 3, chosen r=1.
List of variables included in the cointegrating vector: VAR FS

Vector I
VAR .012453

( -1.0000)

FS -.12269
( 9.8523)

ECM for variable VAR estimated by OLS based on cointegrating VAR(3)
Dependent variable is dVAR
93 observations used for estimation from 1970Q4 to 1993Q4

Regressor Coefficient Standard Error T-Ratio[Prob]
Intercept -.95603 .25609 -3.7331[000]
dVAR I .15783 .55936 .28217[.778]
dFS I .16242 .61829 .26270[.793]
dVAR2 .033551 .45654 .073489[.942]
dFS2 .034508 .49514 .069694[.945]
ecmI(-1) -7.4037 1.5377 -4.8150[000]

List of additional temporary variables created:
dVAR = VAR-VAR(-1)
dVAR1 = VAR(-1)-VAR(-2)
dFS I = FS(-1)-FS(-2)
dVAR2 = VAR(-2)-VAR(-3)
dFS2 FS(-2)-FS(-3)
ecm 1	 .012453*VAR -.12269*FS

R-Squared	 .43119 R-Bar-Squared	 .39850
S.E. of Regression	 1.5377 F-stat. F( 5, 87) 13.1903[.000]
Mean of Dependent Variable .0049322 S.D. of Dependent Variable	 1.9826
Residual Sum of Squares 205.7013 Equation Log-likelihood 	 -168.8742
Akaike Info. Criterion -174.8742 Schwarz Bayesian Criterion -182.4720
DW-statistic	 1.9938 System Log-likelihood	 -154.6256

Diagnostic Tests

Test Statistics	 LM Version F Version

A:Serial Correlation*CHSQ( 	 4)=

:Functional Form	 *CHSQ(	 1)-

2.5785[.631]*F(

.26321[608]*F(

4,

1,

83)=

86)=

.59172[.670]*

.24409[.623]*

C:Normality	 '*CHSQ( 2)= 19.7711[,00(1]*	 Not applicable	 *

D:Heteroscedasticity*CHSQ( 1)- .0016913[.967]*F( 1, 91)- .0016549[968r
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A:Lagrange multiplier test of residual serial correlation

B:Ramsey's RESET test using the square of the fitted values

C:Based on a test of skewness and kurtosis of residuals

D:Based on the regression of squared residuals on squared fitted values

Test of Serial Correlation of Residuals (OLS case)

Dependent variable is dVAR
List of variables in OLS regression:
Intercept	 dVAR1	 dFS1	 dVAR2	 dFS2 ecm1(-1)
93 observations used for estimation from 1970Q4 to 1993Q4

Regressor Coefficient Standard Error T-Rat o[Prob]
OLS RES(- 1) -.25128 1.3212 -.19019[.850]

OLS RES(- 2) -.5445 1 1.2198 -.44640[656]
OLS RES(- 3) -.082066 .96664 -.084899[933]
OLS RES(- 4) -.091185 .21097 -.43222[667]

OLS RES(- 5) .0022101 15334 .0 4413[.989]
OLS RES(- 6) .060146 .13074 .460041.647]

OLS RES(- 7) .20040 .11929 1.6800[097]
OLS RES(- 8) -.086548 .12144 -.71270[.478]

OLS RES(- 9) .065836 .12426 .52983[598]
OLS RES(-10) -.089671 .12444 -.72063[.473]
OLS RES(-11) -.13101 .12995 -1.0082[.316]

OLS RES(-12) -.12626 .14367 -.87881[.382]

Lagrange Multiplier Statistic CHSQ(12)= 9.5716[.653]
F Statistic	 F( 12, 75)= .71705[.730]

ANALYSIS OF VARIANCE - FROM MEAN
SS DF MS F

REGRESSION 349.41 2. 174.71 1286.364
ERROR 12.223 90. 0.13581 P-VALUE
TOTAL 361.64 92. 3.9308 0.000

ANALYSIS OF VARIANCE - FROM ZERO

SS DF MS F
REGRESSION 349.41 3. 116.47 857.581
ERROR 12.223 90. 0.13581 P-VALUE
TOTAL 361.64 93. 3.8886 0.000
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VARIABLE ESTIMATED STANDARD T-RAT 0 PARTIAL STANDARDIZED
ELASTICITY. NAME COEFFICIENT ERROR 90 DF P-VALUE CORR. COEFFICIENT
AT MEANS

ECM'	 -0.32500E-02 0.2329E-02 -1,396 0.166-0.146 -0.0235 6.8822
DFS	 -1.1236 0.2586E-01 -43.45 0.000-0.977 -0.9674 -0.6797
CONSTANT -0.25660E-01 0.4410E-01 -0.5819 0.562-0.061 0.0000 -5.2025

DURBIN-WATSON = 3.0202 VON NEUMANN RATIO = 3.0530 RHO = -0.51499
RESIDUAL SUM = 0.26645E-14 RESIDUAL VARIANCE = 0.13581
SUM OF ABSOLUTE ERRORS= 24.687
R-SQUARE BETWEEN OBSERVED AND PREDICTED = 0.9662
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Aprerle;- Fiv

port Supply Cointegr tion Results

Test Statistics and Choice Criteria for Selecting the Order of the VAR Model

Based on 110 observations from 1972Q3 to 1999Q4. Order of VAR = 10
List of variables included in the unrestricted VAR:
XS	 VAR	 PROF	 DDP	 CAP
NEGDIF	 POSDIF
List of deterministic and/or exogenous variables:

D2	 D3 D4	 ONE
Order	 LL AIC SBC	 LR test	 Adjusted LR test

10 2505.0 1987.0 1287.6
9 2403.5 1934.5 1301.3 CHSQ( 49)= 203.05681.000] 66.4550[.049]
8 2337.1 1917.1 1350.0 CHSQ( 98)= 335.8583[.000] 109.9173[.193]
7 2279.9 1908.9 1407.9 CHSQ(147)= 450.3758[000] 147.3957[475]
6 2238.8 1916.8 1482.0 CHSQ(196)= 532.4489[.000] 174.2560[.866]
5 2183.2 1910.2 1541.6 CHSQ(245)= 643.6496[.000] 210.6490[.945]
4 2120.6 1896.6 1594.2 CHSQ(294)= 768.7935[.000] 251.6051[.965]
3 2076.9 1901.9 1665.6 CHSQ(343)= 856.2324[000] 280.2215[.994]
2 2044.2 1918.2 1748.1 CHSQ(392)= 921.6607[.000] 301.6344[1.00]

1 1950.7 1873.7 1769.7 CHSQ(441)=	 1108.81.000] 362.8688[.997]
0 806.4029 778.4029 740.5962 CHSQ(490)=	 3397.3[.000]	 1111.8[000]

AIC=Akaike Information Criterion SBC=Schwarz Bayesian Criterion
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Statistic 95% Critical Value 90% Critical Value
308.6051 124.6200 119.6800
195.4639 95.8700 91.4000
131.3623 70.4900 66.2300
90.2994 48.8800 45.7000
56.1290 31.5400 28.7800
29.8180 17.8600 15.7500
12.9256 8.0700 6.5000

Null Alternative
r = 0	 r>= 1
r<= 1 r>= 2
r<= 2 r>= 3
r<= 3 r>= 4
r<= 4 r>= 5
r<= 5 r>= 6
r<= 6 r = 7

Cointegration with unrestricted intercepts and no trends in the VAR
Cointegration LR Test Based on Maximal Eigenvalue of the Stochastic Matrix

110 observations from 1972Q3 to 1999Q4. Order of VAR = 10.
List of variables included in the cointegrating vector:
XS	 VAR	 PROF	 DDP	 CAP
NEGDIF	 POSDIF
List of I(0) variables included in the VAR:
D2	 D3	 D4
List of eigenvalues in descending order:
.64248 .44164 .31154 .26702	 .21274	 .14236	 .11086

Null Alternative Statistic 95% Critical Value 90% Critical Value
r = 0 r = 1 13.1411 45.6300 42.7000
r<= 1 r=2 64.1017 39.8300 36.8400
r<= 2 r = 3 41.0628 33.6400 31.0200
<= 3 r = 4 34.1704 27.4200 24.9900

r<= 4 r = 5 26.3110 21.1200 19.0200
r<= 5 r=6 16.8924 14.8800 12.9800
r<= 6 r = 7 12.9256 8.0700 6.5000

Use the above table to determine r (the number of cointegrating vectors).

Cointegration with unrestricted intercepts and no trends in the VAR
Cointegration LR Test Based on Trace of the Stochastic Matrix

110 observations from 1972Q3 to 1999Q4. Order of VAR = 10.
List of variables included in the cointegrating vector:
XS	 VAR	 PROF	 DDP	 CAP
NEGDIF	 POSDIF
List of I(0) variables included in the VAR:
D2	 D3	 D4
List of eigenvalues in descending order:
.64248	 .44164	 .31154	 .26702	 .21274 .14236	 .11086

Use the above table to determine r (the number of cointegrating vectors).

110 observations from 1972Q3 to 1999Q4. Order of VAR = 10, chosen r =6.
List of variables included in the cointegrating vector:
XS	 VAR	 PROF	 DDP	 CAP
NEGDIF	 POSDIF
List of I(0) variables included in the VAR:
D2	 D3	 D4

Vector 1	 Vector 2 Vector 3	 Vector 4 
XS	 -.12480	 3.1127	 -1.8373	 3.6469
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D2	 D3 D4

Vector 5	 Vector 6
XS 1.4449 .72962

( -1.0000)	 ( -1.0000)

VAR .38345 .15 5 82
( -.26539)	 ( -.21356)

PROF .043219 .96890
( -.029913)	 ( -1.3279)

DDP -5.3957 1.1892
( 3.7344)	 ( -1.6299)

CAP 6.9718 -1.9425
( -4.8252)	 ( 2.6623)

NEGDIF 5.8312 5.2841
( -4.0358)	 ( -7.2422)

POSDIF -8.0378 2.2928
( 5.5630) ( -3.1425)

.0000)	 ( -1.0000)	 ( -1.0000)	 ( -1.0000)

VAR -.069236 -.23537 .27744 .54256
-.55476)	 ( .075614)	 ( .15100)	 ( -.14877)

PROF .7091 -1.6092 -1.2735 -.94090
13.6945)	 ( .51696)	 ( -.69314)	 ( .25800)

DDP .7724 -9.3142 .34137 -5.2757
( -14.2018)	 ( 2.9923)	 ( .18579)	 ( .4466)

CAP -4.8327 14.0917 -1.9298 3.2393
( -38.7229)	 ( -4.5271)	 ( -1.0503)	 ( -.88822)

NEGDIF -7.4932 29.3014 -11.5145 13.9976
( -60.0404)	 ( -9.4133)	 ( -6.2669)	 ( -3.8382)

POSDIF 12.8411 -8.0243 5.0438 -4.1344
( 102.8905) ( 2.5779) ( 2.7451) ( 1.1337)

Estimated Cointegrated Vectors in Johansen Estimation (Normalized in Brackets)
Cointegration with unrestricted intercepts and no trends in the VAR

110 observations from 1972Q3 to 1999Q4. Order of VAR = 10, chosen r =6.
List of variables included in the cointegrating vector:
XS	 VAR	 PROF	 DDP	 CAP
NEGDIF	 POSDIF
List of I(0) variables included in the VAR:
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Null Alternative Statistic 95% Critical Value
r = 0 r = 1 87.8857 39.8300 36.8400
r<=1 r = 2 52.0434 33.6400 31.0200
r<= 2 r = 3 37.5538 27.4200 24.9900
r<= 3 r = 4 19.9968 21.1200 19.0200
r<= 4 r = 5 9.4251 14.8800 12.9800
r<= 5 r = 6 .11203 8.0700 6.5000

Critical90%	 Value

Export Demand Cointegration Results

Test Statistics and Choice Criteria for Selecting the Order of the VAR Model
Based on 86 observations from 1972Q3 to 1993Q4. Order of VAR = 10
List of variables included in the unrestricted VAR:
XD	 COMP	 GDP	 VAR

	
NEGDIF

POSDIF
List of deterministic and/or exogenous variables:
ONE	 D2	 D3	 D4

Order LL	 AIC SBC	 LR test	 Adjusted LR test
10	 1625.0 1241.0 769.8012
9	 1547.7 1199.7 772.5937 CHSQ( 36)= 154.7715[.000] 39.5927[.313]
8	 1491.3 1179.3 796.4353 CHSQ( 72)= 267.4447[.000] 68.4161[.598]
7	 1455.7 1179.7 841.0047 CHSQ(108)= 338.6625[000] 86.6346[.935]
6	 1434.1 1194.1 899.5531 CHSQ(144)= 381.9221[000] 97.7010[.999]
5	 1393.7 1189.7 939,3314 CHSQ(180)= 462.7221 [.000] 118.3708[1.00]
4	 1352.7 1184.7 978.5485 CHSQ(216)= 544.6444[.000] 139.3276[1.00]
3	 1319.1 1187.1 1025.1 CHSQ(252)= 611.9254[000] 156.5391[1.00]
2	 1295.6 1199.6 1081.7 CHSQ(288)= 658.9623[.000] 168.5718[1.00]
1	 1236.0 1176.0 1102.4 CHSQ(324)= 778.0056[.000] 199.0247[1.00]
0 537.2969 513.2969 483.8447 CHSQ(360)= 2175.5[000] 556.5176[.000]

AIC=Akaike Information Criterion SBC=Schwarz Bayesian Criterion

Cointegration with unrestricted intercepts and no trends in the VAR
Cointegration LR Test Based on Maximal Eigenvalue of the Stochastic Matrix

86 observations from 1972Q3 to 1993Q4. Order of VAR = 10.
List of variables included in the cointegrating vector:
XD	 COMP	 GDP	 VAR	 NEGDIF
POSDIF
List of I(0) variables included in the VAR:
D2	 D3	 D4
List of eigenvalues in descending order:
.64010	 .45401	 .35382	 .20747	 .10380 .0013018

Use the above table to determine r (the number of cointegrating vectors).

Cointegration with unrestricted intercepts and no trends in the VAR
Cointegration LR Test Based on Trace of the Stochastic Matrix

86 observations from 1972Q3 to 1993Q4. Order of VAR = 10.
List of variables included in the cointegrating vector:
XD	 COMP	 GDP	 VAR	 NEGDIF
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.64010 .45401

Null Alternative
r = 0 r>=1
r<= 1	 r>= 2
r<= 2 r>= 3
r<= 3 r>= 4
r<= 4 r>= 5
r<5	 r = 6

POSDIF
List of 1(0) variables included in the VAR:
D2	 D3	 D4
List of eigenvalues in descending order:

.35382	 .20747	 .10380	 .0013018

Statistic	 95% Critical Value	 90% Critical Value
207,0169	 95.8700	 91.4000
119.1312	 70.4900	 66.2300
67.0877 48.8800	 45.7000
29.5339 31.5400	 28.7800
9.5371 17.8600	 15.7500

.11203	 8.0700	 6.5000

Use the above table to determine r (the number of cointegrating vectors).

.45401	 .35382	 .20747	 .10380	 .0013018

Maximized LL	 AIC	 SBC	 HQC
1521.5	 1173.5	 746.4710	 1001.7
1565.5	 1206.5	 765.9149	 1029.2
1591.5	 1223.5	 771.8921	 1041.7
1610.3	 1235.3	 775.0788	 1050.1
1620.3	 1240.3	 773,9413	 1052.6
1625.0	 1242.0	 771.9723	 1052.8
1625.0	 1241.0	 769.8012	 1051.4

AIC = Akaike Information Criterion SBC = Schwarz Bayesian Criterion
HQC = Hannan-Quinn Criterion

Estimated Cointegrated Vectors in Johansen Estimation (Normalized in Brackets) Cointegration with
unrestricted intercepts and no trends in the VAR

86 observations from 1972Q3 to 1993Q4. Order of VAR = 10, chosen r =3.
List of variables included in the cointegrating vector:
XD	 COMP	 GDP	 VAR	 NEGDIF
POSDIF

List of I(0) variables included in the VAR:
D2 D3 D4

Vector 1 Vector 2 Vector 3
XD .72724 2.5240 -.45094

( -1.0000) ( -1.0000) ( -1.0000)

Cointegration with unrestricted intercepts and no trends in the VAR
Choice of the Number of Cointegrating Relations Using Model Selection Criteria
86 observations from 1972Q3 to 1993Q4. Order of VAR = 10.
List of variables included in the cointegrating vector:
XD	 COMP	 GDP	 VAR	 NEGDIF
POSDIF
List of 1(0) variables included in the VAR:
D2	 D3	 D4
List of eigenvalues in descending order:

.64010

Rank
r=0
r = 1
r = 2
r = 3
r = 4
r = 5
r = 6
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-8.8779)

34.0479) 6.5283) (-26.0122)

COMP	 .21295	 2.1947	 1.5247
( -.29283) ( -.86952) ( 3.3812)

GDP	 6.4564	 -.22966	 3.2261

VAR	 -.65868	 -.72579	 .67278
( .90572) ( .28755) ( 1.4919)

NEGDIF	 -14.1156	 -7.4711	 -9.3765
( 19.4099) ( 2.9600) ( -20.7930)

POSDIF	 -24.7609	 -16.4777	 -11.7300

.090988) 7.1541)
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