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THE USE OF DISCRIMINANT ANALYSIS 
IN FORECASTING EXCHANGE RATE MOVEMENTS 

WILLIAM R. FOLKS, JR.,* and STANLEY R. STANSELL* 

This paper presents the results of an exploratory survey of the applica- 
bility of discriminant analysis to the determination of the medium- 
term (two-year) exchange rate changes. Using a discriminant function 
developed on observations drawn from 1961-1964 and 1965-1968, 
the authors have correctly predicted the devaluation or nondevalua- 
tion of 86 percent of the countries tested for the period 1971-1972. 
These results indicate predictive power at the .001 level of signifi- 
cance. A reduction of 36 percent in classification error 'is achieved by 
the method. 

PURPOSE 

The purpose of this study is to determine whether the technique of 
linear discriminant analysis can be of assistance in exchange risk manage- 
ment. Specifically, a discriminant function is developed which, using readily 
available or estimatable macroeconomic values, will classify countries into 
two distinct groups: (1) those countries whose currency value relative to the 
value of the dollar will decrease by 5 percent or more over a two-year 
period, and (2) those countries whose currency value will not show such a 
decrease. 

The authors believe that such a discriminant function, if reasonably 
accurate, is of value in corporate exchange risk management. Under normal 

operating conditions, U.S. based corporations with direct investments over- 
seas generally have an excess of assets over liabilities which are exposed to 
the risk of currency changes. Thus, a reduction in foreign currency value 
causes, for accounting purposes, at the least, a loss in the value of exposed 
assets. Although numerous strategies for adjusting the exchange risk posture 
of the firm exist, they require some warning for effective use. In addition, 
some projection of the extent of currency rate change is required to prevent 
the adoption of exchange adjustment strategies more costly than the losses 
they were designed to prevent. 

*William R. Folks Jr. is Associate Professor of Finance and Management Science 
at the University of South Carolina. Stanley R. Stansell is Financial Economist for 
the Farm Credit Administration. The opinions in this paper are those of Professor 
Folks and Dr. Stansell, and in no way represent opinions or policy of the Farm Credit 
Administration. 
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The authors hope that the discriminant function developed in this 
study will prove useful in providing an early warning of impending down- 
ward exchange rate changes. Armed with this warning, corroborated pos- 
sibly by local sources, nonstatistically based projections, and other informa- 
tion, the exchange risk manager can then detail closer surveillance of the 
currency under suspicion, take long-range steps for adjusting the exchange 
risk posture of the firm, and develop contingency plans for short-term meas- 
ures as and when the decrease in currency value becomes imminent. 

In the subsequent sections the term "devaluing" countries or cur- 
rencies will be used to describe those currencies which, relative to the dollar, 
lose 5 percent or more of their value. Classification of a currency in this 
category does not necessarily mean that a formal devaluation, in the sense 
of a notification to the International Monetary Fund of a change in par 
value or central rate, has occurred. A loss in value may'occur if the country 
elects to float its currency vis-a-vis the dollar and if it subsequently floats 
downward by 5 percent or more. Alternately, a revaluation of the dollar 
would place a currency in the "devaluing" group if that country did not 
match the revaluation by one of its own. These diverse methods of adjusting 
relative currency value have led the authors to define a devaluing country as 
one in which the direct exchange rate (dollar value of one unit of foreign 
currency) at the end of a two-year period is 95 percent or less of the direct 
exchange rate at the beginning of the period. Throughout, market rates are 
used, rather than par values. 

The choice of a period of two years over which to make the classifica- 
tion is an attempt to meet conflicting goals: (1) the time period over which 
the prediction is made must be short enough to be of use to the manager, 
and (2) the time period also must be long enough to reduce the obscuring 
effects of political and speculative inputs on the actual timing of the devalu- 
ation. While a government intent on fighting devaluation of a currency may 
fight a rearguard action for several years, an inability to correct the basic 
economic factors which cause currency weakness must lead to exchange rate 
changes. 

The choice of a 5 percent change in currency value as the method of 
classification requires some comment. In a floating exchange rate situation, 
as is now current, such a choice might appear arbitrary. However, it is the 
authors' judgment that a 5 percent change in value over a two-year period is 
a good estimate of what a significant change in currency value might be. 
Any change smaller than this amount may not merit the surveillance inclu- 
sion as a devaluing country might indicate. In addition, the International 
Monetary Fund's last arrangement for fixed rates before the February 1973 
dollar devaluation allowed exchange rate bands of 4? percent. Of course, 
the exchange rate for any currency is a price whose possible values are 
continuous, and a characterization of exchange rate movements into two 
discrete categories (devaluation-no devaluation) ignores the degree to 
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which the currency has been devalued. It would be inappropriate to use the 
two-way characterization provided by the discriminant analysis directly for 
analysis of a decision which requires information about the degree of 
devaluation. 

DESIGN OF THE STUDY 

The design of the study requires the division of data into two parts. 
The discriminant function is developed using data on those countries which 
devalued in the period 1963-1964 and 1967-1968.1 Countries used in the 
study which devalued their currencies in these years are listed in Table 1. 
For the five countries devaluing in 1963-1964, macroeconomic data for the 
years 1961-1962 have been collected, as well as data for five randomly 
selected countries which did not devalue in 1963-1964. Similarly, data for 
14 countries devaluing in 1967-1968 were collected for the years 
1965-1966, as well as data over the same period for 14 randomly selected 
nondevaluing countries. The technique employs information which is pub- 
licly available a year prior to devaluation. The nondevaluing countries used 
are also given in Table 1. 

Table 1 

Countries Included in Estimation of the Function 

Devaluing Countries 
1961-62 

Brazil 
Chile 
Uruguay* 
Venezuela* 
Korea 

1965-66 

United Kingdom 
Iceland* 
Denmark* 
Finland 
Spain 
Brazil 
Chile 
Colombia 
Peru 
Uruguay 
Israel * 

New Zealand 
Ghana 
Sri Lanka 

IMF 
Country 

No. 

193 
273 
158 
128 
184 

138 
299 
186 
124 
142 
144 
158 
134 
253 
534 
136 
268 
578 
744 

Control Group 
1961-62 

Australia 
Mexico 
Japan 
Denmark 
Spain 
1965-66 

Netherlands 
Venezuela 
Turkey* 
Belgium 
Norway 
Sweden 
Japan 
Germany 
El Salvador 
India* 
Italy 
Honduras 
Thailand 
Tunisia 
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IMF 
Country 

No. 

223 
228 
298 
299 
542 

112 
176 
128 
172 
184 
223 
228 
233 
293 
298 
436 
196 
652 
524 



Based on the 38 observations of devaluing and nondevaluing countries 
selected in the first stage, a discriminant function has been developed to 
classify these countries. Details of the variable selection process and the 
development of the discriminant function are given in the following sec- 
tions. Finally, economic data for members of the International Monetary 
Fund have been collected for the period 1969-1970. An identification of 
those countries devaluing over the period 1971-1972 has also been made. 
The final section of the study employs the discriminant function developed 
to predict devaluations which occurred in 1971-1972. This is the most 
rigorous possible test of the function. 

DESCRIPTION OF THE VARIABLES 

The selection of macroeconomic variables to be tested for inclusion in 
the discriminant function was based on three criteria. First, the values used 
in calculating the variables must be readily accessible or estimable. Second, 
there should be some logical reason why these economic variables should 
have a relationship with the exchange rate, although it is important to note 
that the purpose of the discriminant function is not to reveal the relation- 
ships among these variables. Third, the variables actually used in the discrim- 
inant function are ratios rather than numerical quantities, selected so as to 
allow comparability of these values among several countries. 

The remainder of this section lists the variables included in the initial 
development of the discriminant function, giving (l)a definition of the 
variable; (2) an explanation of why it was included in the study; and (3) the 
source of the variable value. In the formulas defining each variable, the 
subscript t represents the second year of the two-year data collection per- 
iod, and t -- 1 represents the first year. By convention, stocks are measured 
at year's end. 

(1) The Reserve Growth Ratio 

Reserves(t) 
R = 

Reserves(t - 1) 

By "reserves" the authors mean the official gold and foreign exchange hold- 
ings of the country. The amount of reserves on hand is a direct measure of 
the country's ability to finance a balance of payment deficit. Trends in 
these reserves are an indicator of present or potential balance of payments 
difficulties. 

(2) The Extended Money Supply Ratio 

M2(t) 
M = 

M2(t - 1) 

The authors use M2 to designate the broad definition of money supply 
(money plus quasi-money) at the end of the year in question. It is argued 
that an overly large increase in the domestic money supply may indeed lead 
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to both low interest rates and increased demand for goods and services, both 
locally produced and externally purchased. Both developments may eventu- 
ally put pressure on a country's balance of payments. 

(3) The Price Index Ratio 

Consumer Price Index(t) 
P= 

Consumer Price Index(t - 1) 

The rate of increase in local prices should serve as an indicator of poten- 
tial balance of payments problems, since local prices to some extent deter- 
mine the competitiveness of local production on world markets. The auth- 
ors believe that use of a wholesale price index would probably be more 
appropriate, but the absence of such indices in many countries led to use of 
a consumer price index. 

(4) The Ratio of Exports to Imports 

TExports(t) 

Imports(t) 
Performance in the trade account usually is necessary for the maintenance 
of a sound balance of payments position. The ratio as calculated above is 
limited in that it does not include other current account sources of foreign 
exchange earnings, such as from tourism. The authors believe that, while 
these latter earnings may be important for some selected countries, the ratio 
of exports to imports will provide a sufficient proxy for current account 
performance in general. 

(5) The Investment Service Ratio 

Investment Service Obligation(t) ISR = 
Reserves(t) 

This ratio measures in part the ability of a country to meet its foreign debt 
service obligations. The numerator of the ratio is the total of all transfers 
made by the country which result in investment income to foreigners. Thus, 
the numerator excludes transfer of capital for repayment of principal on 
debt obligations or disinvestment of local equity investment. By measuring 
this value against reserves, the authors hope to develop a ratio which will 
give some summary of the extent to which payment of interest is an impor- 
tant factor in the call on the country's reserves. 

(6) Marginal Propensity to Import Ratio 

Imports(t)/Gross Domestic Product(t) 

Imports(t 1)/Gross Domestic Product(t - 1) 
This ratio attempts to measure trends in the marginal propensity to import. 
Technically, the marginal propensity to import is the ratio of imports to 
Gross National Product; an increase in this ratio over time would indicate an 
increasing tendency to rely on imports. By neglecting exports, of course. 
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this ratio does give a one-sided view of the economic structure of the coun- 
try. The authors have substituted gross domestic product in the ratio be- 
cause of the slowness of most countries to report gross national product to 
the International Monetary Fund and the close relationship between the 
two variables. 

(7) Central Bank Discount Rate Ratio 

Central Bank Discount Rate(t) 
CBDR = 

Central Bank Discount Rate(t - 1) 
Short term money market rates may have an important influence on the 
cross-border speculative and nonspeculative short-term capital movements. 
A frequently adopted device of currency defense is an increase in the dis- 
count rate, in addition to other monetary measures designed to tighten the 
money supply and attract foreign capital. Thus, the authors have included 
the discount rate ratio to serve as a proxy for the direction of change of 
money market rates. 

The set of ratios tested is not in the least unique. Among many other 
possible alternations, one might include repaymemt of principal in the Debt 
Service Ratio. Other exchange rate predictors which have received corporate 
attention, such as the ratio of forward rates to spot rates and ratio of free 
market rates to parity, could be incorporated where available. 

DEVELOPMENT OF THE DISCRIMINANT FUNCTION 

The statistical technique employed in this study involves the use of 
multiple discriminant analysis (hereafter MDA). This approach has been 
used to predict bankruptcy,2 to predict bank capital adequacy,3 in consum- 
er credit evaluation,4 and in various manufacturing and financial institutions 
for predictive purposes.5 Morrison gives a general discussion of the tech- 
nique.6 

MDA allows the classification of an observation into one of several a 
priori groups, based on the characteristics of that observation. In this study, 
an attempt is made to classify countries into two groups, those which have 
had significant downward exchange rate changes relative to the dollar and 
those which have not had such changes. The two groups, then, are distin- 
guished by qualitative differences. The characteristics of the groups must be 
quantifiable in order to use the MDA technique. Various ratios of publicly 
available economic data are calculated to provide the test characteristics of 
each group. Ratios are employed because in some cases changes are consid- 
ered in a given economic variable every time; in other cases one variable 
relative to another is considered during the same time interval. The number 
of variables is reduced while the amount of information contained in the 
data remains potentially large. The use of ratios also diminishes the effects 
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of scale, which is important, since countries obviously differ greatly in 
economic size. 

It would be preferable to select that set of variables (ratios) which is 
most similar within groups yet which best discriminates between groups. 
MDA derives the linear combination of characteristics which best discrim- 
inates between these groups (i.e., between devaluing and nondevaluing coun- 
tries). The entire profile of characteristics and their interactions is consid- 
ered by MDA, which is an obvious advantage when the number of character- 
istics is large. Since interactions are considered, variables sometimes are very 
important in a multivariate analysis when they would be insignificant in a 
univariate analysis.7 

Once the coefficients of the characteristics (in this case, the ratios) are 
obtained from a set of observations, two techniques may be employed. 
First, a composite score (usually called a Z score) may be calculated and 
employed as a means of classifying an observation into a given group. Alter- 
natively, the posterior probabilities of falling into a given group can be 
calculated. For purposes of comparison, both techniques are employed. If 
the assumptions of the analysis are met, and if the characteristics employed 
are such that they in fact discriminate between the groups, the coefficients 
can then be applied to other data in a predictive fashion. The BMD07M 
stepwise discriminant analysis program is used to construct the function. 

The macroeconomic ratios described above were calculated on the 38 
countries listed in Table 1 to provide a data set from which the discriminant 
function is estimated. The observations from 1961-1962 are combined 
with those from 1965-1966 in an effort to eliminate special factors which 
might have prevailed in only one period, since the purpose of the model is 
to predict over an entirely different time period. Five control group coun- 
tries are selected from the 1961-1962 period and 14 from the 1965-1966 
period to match the number of devaluing and control group countries avail- 
able during these respective periods. 

Since relatively few countries devalue their currency, and since there 
is further restriction to those countries for which adequate data sets exist, 
included in the set of devaluing countries in Table 1 are three countries 
which devalued twice-once in the 1961-1962 period and again in the 
1965-1966 period (Brazil, Chile and Uruguay). Also included in the control 
group are two countries (Spain and Venezuela) which had devalued during 
other time periods. Japan is included in the control group twice, once in 
each time period. These overlaps result from both the scarcity of devaluing 
countries and from the random selection process. Including the same coun- 
try twice in the same group probably spuriously increases within-group 
homogeneity; including the same country in both groups (even when data 
are drawn from different time periods) probably reduces between-group 
differences. Were the model explanatory in nature, these criticisms would be 
valid. The crucial test of this model lies in its predictive capabilities. 
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Using MDA, the discriminant function is estimated from this data set. 
The function takes its simplest form (one dimension) since only two groups 
are dealt with. The function may be expressed as: 

(8) Z = .03496 R- .04702 P + .00836 T - .02011 ISR - 1.05328 CBDR 

where Z = the discriminant score 
R = reserve growth ratio 
P = price index ratio 
T = terms of trade ratio 

ISR = investment service ratio 
CBDR = central bank discount rate ratio 

The variables are the same as were defined earlier. 
The signs of the coefficients are of interest. A country in balance of 

payments difficulty would be expected a priori to show low values for both 
the reserve growth ratio (R) and the ratio of exports to imports (T), and 

high values for the price index (P) and investment service (ISR) ratios. 
In the discriminant function, it would be expected that these ratios 

have opposite signs, as is the case. Both R and T have positive signs, and 
thus high values of R and T would increase the Z score, moving the partic- 
ular country being classified into the control group range. The coefficients 
of P and ISR are negative; high values for these ratios serve to decrease the Z 
score and move the country into the devaluing group range. 

The authors' a priori expectations about the central bank discount 
rate ratio were less clear, since a tightening of terms of credit indicates both 
the possible presence of balance of payments difficulty and the implementa- 
tion of an economic policy designed to correct this difficulty. However, this 
ratio appears to be higher for devaluing countries. 

Correctly classified are 14 of the 19 devaluing countries (74 percent), 
and correctly classified are 17 of the 19 control group countries (89 per- 
cent). The results are encouraging (Table 2). The Type I error is large (26 
percent), while the Type II error (11 percent) is more acceptable. It should 
be noted that these results are significantly better than those expected by 
chance, since both groups are of equal size, and costs of misclassifications 
are equal. These results certainly confirm the efficiency of the techniques as 
a warning system for exchange risk managers. 

The model produced an F ratio of 3.78 with 5 and 32 degrees of 

freedom, significant at the .01 level. This tends to indicate that the model 
has significant discriminatory power, although the results are upward bi- 
ased.8 

The first step in a further analysis of the classificatory power of the 
discriminant technique is to determine whether the results are significantly 
different from those which a chance assignment would give. The Fisher 
exact probability test is applied.9 The null hypothesis is that there is no 
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Table 2 
Classification Matrix 

Actual Predicted 

Devaluation Group Control Group 
Devaluation Group 14 5 

Control Group 2 17 

Number Correct Percent Correct Percent Error n 
Type I 14 74 26 19 
Type II 17 89 11 19 
Total 31 82 18 38 

significant difference between a chance assignment and the assignment de- 
veloped by the discriminant technique. This null hypothesis is rejected at 
.001 level of significance. (The actual probability that the observed contin- 
gency table or a more extreme table would emerge from a chance assign- 
ment is .00009276.) Computational details are found in the appendix. 

The percentage error reduction attributable to the function may be 
calculated using the Goodman and Kruskal index of predictive associa- 
tion.10 This index assumes values between 0 and 1, with 0 indicating no 
predictive association and 1 indicating perfect predictive association.11 

To construct the index, let P1 be the probability of misclassifying a 
country given that the discriminant test has not been applied, and let P2 be 
the probability of misclassifying a country given the results of the discrim- 
inant analysis are available. Then 

Pi -P2 (9) X= 

A random classification of a particular country has a probability of 
.50 of being incorrect; thus P1 = .50. The probability of incorrect classifica- 
tion using the discriminant analysis technique is P2 = 7/38 = .1842. Thus 

.5000- .1842 .3158 6316 
.5000 - .5000 

The index of predictive association also can be calculated directly from the 
classification matrix. Details of this calculation also are given in the appen- 
dix. 

The index of predictive association is highly dependent on the relative 
size of the groups being predicted, a problem discussed by Eisenbeis.12 To 
some extent the relatively high X observed here is dependent on the fact 
that matched samples are used to develop the discriminant function. Thus 
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the X developed here is not comparable to the index of predictive associa- 
tion found when the discriminant function is tested in the next section. 

The variables from the original set not included are the money supply 
ratio and the marginal propensity to import ratios. This is somewhat surpris- 
ing; possibly the effects of money supply changes are adequately measured 
by other variables such as the price index ratio. In terms of order of entry 
into the function using the stepwise discriminant technique, the price index 
ratio was most important. It was also most important using the weighting 
scheme described by Altman.l3 (See Table 3 for the order of entry using 
the stepwise discriminant technique, a measure of the importance of each 
variable.) 

Table 3 

Relative Importance of Each Variable 

Discriminant Standard Relative Rank by Order of 
Car. No. Coefficient Deviation Contribution Rel. Cont. Entry 

1 .03486 26.0928 .90960 2 2 
3 - .04702 29.0885 --1.36774 1 1 
4 .00836 41.3187 .34542 4 4 
5 - .02011 35.8134 - .72021 3 3 
7 -1.05328 .1229 - .12945 5 5 

Table 4 

Functions 

Variable No. Devaluation Group Control Group 

1 - .05393 - .00178 
3 .26216 .19181 
4 .00030 .01280 
5 .03854 .00846 
7 79.11525 77.53938 

Constant -55.34523 -51.14383 

Of the 38 countries, 7 were misclassified; 5 of these were devaluing 
countries which were erroneously classified as control group countries. 
These 5 were: Uruguay, Venezuela, Iceland, Denmark, and Israel. The 2 
control group countries erroneously classified as devaluing countries were 
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Turkey and India. To some extent, these misses can be explained by a 
consideration of special circumstances. Israel was subject to foreign ex- 
change pressure in 1967 by the Six Days War. Denmark and Iceland deval- 
ued in 1967, not because of existing balance of payments difficulties but 
rather because of the devaluation of sterling, the currency of their principal 
trading partner and the currency used by Danish and Iceland monetary 
authorities for support intervention in foreign exchange markets. The misses 
on Turkey and India are of note since both countries did devalue their 
currencies in subsequent periods. The model spotted a fundamentally un- 
sound situation but erred on the classification because of timing. 

PREDICTIVE POWER OF THE FUNCTION 

The major objective here is prediction rather than classification. In 
order to test the model in a predictive sense, a separate set of 51 countries 
(listed in Table 5) was selected. Macroeconomic ratios were calculated using 
1969-1970 data for 11 countries which devalued in 1971-1972, and for 40 
control group countries for 1971-1972. The selection of course was limited 
to those countries for which publicly available data sets exist. 

Two approaches may be employed. Typically, the discriminant coef- 
ficients shown in Table 3 may be multiplied by the appropriate value for 
each variable for each country and summed into a discriminant or Z score 
for each country. See equation (1). Proceeding in this fashion, the discrimi- 
nant scores shown in Table 5 are calculated. 

Table 5 

Posterior Probabilities Test Group Data 1971-1972 Period 

1971-1972 Devaluing Countries 

Posterior Probability of Being Discriminant Scores: 
Country Classified as a Devaluing Country 51-Country Test Group 

Iceland* .070 -1.083 
Pakistan .952 -4.807 
Brazil* .024 -0.331 
Chile .816 -3.801 
Colombia .961 -4.950 
Israel* .485 -2.768 
Korea* .295 -2.226 
Guyana .668 -3.278 
South Africa .556 -2.957 
Sri Lanka .545 -2.929 
Ghana .837 -3.903 
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Table 5 (continued) 

1971-1972 Control Group Countries 

Posterior Probability of Being Discriminant Scores: 
Classified as a Devaluing Country 51-Country Test Group 

.316 

.038 

.132 

.102 

.283 

.066 

.002 

.350 

.100 

.293 

.074 

.185 

.090 

.014 

.059 

.169 

.159 

.000 

.403 

.085 

.002 

.308 

.065 

.427 

.369 

.023 

.289 

.018 

.194 
1.000 
.400 
.419 
.025 
.221 
.981 
.646 

-2.291 
-0.652 
-1.553 
-1.355 
-2.185 
-1.036 

1.443 
-2.393 
-1.334 
-2.218 
-1.115 
-1.815 
-1.257 

0.029 
-0.961 
-1.743 
-1.695 

2.950 
-2.544 
-1.222 

1.407 
-2.265 
-1.025 
-2.611 
-2.449 
-0.293 
-2.208 
-0.117 

-11.855 
-11.097 
- 2.539 
- 2.589 
- 0.369 
- 1.964 
- 5.441 
- 3.209 
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Country 

Portugal 
Tunisia 
Austria 
Belgium 
Denmark 
France 
Germany 
Italy 
Netherlands 
Norway 
Spain 
Sweden 
Switzerland 
Turkey 
Japan 
Morocco 
Australia 
Libya 
New Zealand 
Singapore 
Peru 
Thailand 
Finland 
Greece 
Ireland 
Canada 
Ecuador 
Mexico 
Venezuela 
Iran* 
Jordan 
Egypt 
China 
El Salvador 
Honduras* 
Jamaica* 



Table 5 (continued) 

1971-1972 Control Group Countries (cont.) 

Posterior Probability of Being 
Country Classified as a Devaluing Country 

Mauritius 
Phillippines 
Syria 
United Kingdom 

.016 

.008 

.334 

.485 

Discriminant Scores: 
51-Country Test Group 

- 0.070 
- 0.386 
- 2.346 
- 2.768 

*Misclassified. 

While nearly all scores are negative (a result of the construction of the 
ratios), it is obvious that the majority of the devaluing countries have much 
larger negative scores than do the control group countries. A classification 
matrix for the 51 test group countries is shown in Table 6. The devaluing 
countries which are erroneously classified as control group countries are: 
Israel, Korea, Iceland, and Brazil. The control group countries erroneously 
classified as devaluing are: Iran, Honduras, and Jamaica. 

Table 6 

Classification Matrix Test Group 

Actual Predicted 

Devaluation Group Control Group 
Devaluation Group 7 4 

Control Group 3 37 

Number Correct Percent Correct Percent Error n 
Type I 7 64 36 11 
Type II 37 92.5 7.5 40 
Total 44 86 14 51 

An alternative predictive approach employs the two functions generat- 
ed by the BMD07M program (see Table 4) to calculate the posterior proba- 
bilities of a given country being classified into the two groups. These proba- 
bilities are calculated by first finding 

(10) 
r 

Slmk 
= 

mo + 
CmjXmkj j=l 
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where S is the value of the mth discriminant function evaluated at case K of 
group 1, and using these values to calculate 

Exp(Slmk) 
(11) Pimk 

= 

Exp(S/i1) i-1 

where P = posterior probability of case k in group I having come from group 
m. 

The posterior probabilities also are shown in Table 5. The classifica- 
tions are identical to those derived from the discriminant score technique 
presented in a preceding section. The probability approach seems to be 
somewhat easier to interpret. 

The results of the classification differ from a random classification, 
significant at the .001 level. Using Fisher's exact probability test, the auth- 
ors find that the probability of this classification, or a more accurate classifi- 
cation, occurring by chance, given that the marginal totals of the classifica- 
tion matrix are fixed, is .00026540. Thus, the authors feel quite confident 
that the results generated by the discriminant analysis are better than those 
developed by a chance assignment, and the model's predictive capability is 
demonstrated. 

The model's predictive power was compared with its discriminating 
ability on the data set on which it was fitted. As is to be expected when the 
search bias and sampling bias present in the function development process 
are removed, the proportion of devaluing countries correctly classified falls 
from 74 to 64 percent. It is noted that the model's ability to spot non- 
devaluing countries improves from 89 to 92.5 percent. The overall ability of 
the model to predict naturally increases, since a greater proportion of con- 
trol group countries is included in the data on which the function was 
tested. However, the 86 percent correct classification is the actual predictive 
result of the technique; this figure should form the predictive benchmark 
against which other devaluation classification schemes should be measured, 
since the data and group proportions on which it was based are truly repre- 
sentative of the situation faced by the exchange risk manager. This tech- 
nique has proven itself, as it were, in the most rigorous test of any predictive 
scheme-actual performance in operation. 

To determine the percentage error reduction achieved by the discrim- 
inant analysis predictive method, the Goodman and Kruskal index of pre- 
dictive association is calculated thus: 

(7 + 37)- 40 4 
X = =- = .3636... 

51-40 11 

Using the discriminant technique, a reduction in error of 36.36 percent is 
achieved. Once again, this percentage reduction in error forms the bench- 
mark against which other predictive techniques should be measured. It 
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would be perfectly easy to achieve a greater value for X by equalizing the 
number of devaluing and nondevaluing countries for which the predictive 
tests were made. However, the true percentage error reduction is influenced 

significantly by the proportion of each classification present in the observa- 
tions being tested. It is important that the proportion being tested be repre- 
sentative of the actual underlying population. 

The authors have shown in this study a significant ability to classify 
countries correctly using the discriminant analysis technique. This technique 
leads to a substantial percentage reduction in classification error calculated 
over a holdout group whose proportions are representative of those en- 
countered in actual experience. 

CONCLUSIONS 

The results obtained in this study suggest that multiple discriminant 

analysis is a useful technique in terms of its ability to discriminate between 

potentially devaluing and nondevaluing countries. The macroeconomic ra- 
tios employed as predictors apparently contain substantial informational 
content. The set of ratios employed in this study should not in any way be 

interpreted as the "best" set. They were selected on the basis of traditional 
economic relationships believed to lead to devaluations. The authors cur- 

rently are beginning a further study which will include both devaluing and 

revaluing countries, and which will examine a much larger set of macro- 
economic ratios. The results of this study, however, indicate that this read- 

ily available statistical technique and data set would improve the ability of 
the foreign exchange manager to predict devaluations. 
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Appendix 

In this appendix the authors provide details of computations for the 
statistical tests used in the body of the paper, as interpreted for the special 
contingency tables developed by the discriminant functions classification 
matrix. In general, reference will be made to a classification table of the 
type shown below: 

Predicted 

Devaluing Control 

Devaluing a1 a1 Aa=a,+a1 \ctual 
Control a2 a22 A2 a21 + a22 

P1 =all +a21 P2a12 +a22 N =A +A2=PI + 

The Fisher exact probability test14 uses as test values the exact proba- 
bilities of the values a 1' a12, a21, a22 occurring by chance, given that A1, 
A2, P1' P2, and N are fixed. Also required are the probabilities of more 
extreme values in the contingency table, where the concept of a more 
extreme result is that of an even more accurate classification. 

The exact probability of the occurrence of any contingency table is: 
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P1! P2! Ai! A2! 
(A.1) 

N! a11! a12! a21! a22! 

The first application of the Fisher test is to the classification table 
(Table 2) which results from the development of the function. Here, 
P1 = 16, P2 = 22, A1 = 19, A2 = 19, and N = 38. The observed value of 

a21 = 2. Obviously, once any of the cell values are known and the marginal 
totals are known, the other cell values can be calculated. The authors will 
henceforth identify a contingency table by one cell value. More extreme 
(accurate) classification tables occur when a21 = 1 and a21 = 0. Thus, the 
test probability is: 

P(a21 < 2)= P(a21 = 0)+P(a21 = 1) + P(a21 = 2) (A.2) 
= .00000004357 + .00000331133 + .00008940604 
= .00009276094, 

where calculations are made using (A.1). 
The second application of the Fisher test is made to the classification 

table developed when the discriminant function is used for prediction (Tab- 
le 6). Here, P1 = 10, P2 = 41, A1 = 11, A2 = 40, and N = 51. The observed 
value of a12 is 3 and the test probability is: 

P(a12 < 3) = P(a2 = 0) + P(a12 = 1) + P(a12 = 2) + P(a12 = 3) (A.3) 
= .00000000086 + .00000017217 + .00001007223 

+ .00025516306 
= .00026540832 

Values in both cases are less than .001, the desired level of significance. 
The Goodman and Kruskal index15 of predictive association X, which 

gives a measure of the percentage reduction in error achieved by utilization 
of the decision technique, can be calculated directly from the classification 
table by the formula 

max(a 1, a21) + max(a 2, a22) 
- max(A1, A2) 

X= (A.4) 
N - max(A1, A2) 

Thus, for the classification matrix which resulted from the develop- 
ment of the discriminant function (Table 2), 

(14 +17)-19 12 
X= = .6316 (A.5) 

38- 19 19 

For the classification matrix developed by the discriminant function on the 
holdout sample (Table 6): 

(7+37)-40 4 
X= =-=.3363 

51-40 11 
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As is noted in the text, X is very sensitive to underlying proportions 
used in the holdout data; to see this, the following hypothetical contingency 
table is constructed which retains the same predictive capability (64 percent 
devaluing countries, 92 percent nondevaluing countries correct) as the mod- 
el developed, but which has equal underlying proportions for the actual 
category: 

Predicted 

Devaluing Control 

A l Devaluing 32 18 50 

Control 4 46 50 Control 4 46 50 

36 64 100 

For this table 

(32 + 46) - 50 28 
X=. =-=.56 

100 - 50 50 

Note that X increases substantially over that developed using a more repre- 
sentative mix similar to that encountered in the predicting environment. 
Values of the Goodman and Kruskal index of predictive association thus are 
strongly influenced by underlying population proportions, and are relevant 
only for measuring predictive capability to data representative of the under- 
lying population. 
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