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Abstract
This paper estimates successfully a version of the monetary approach to foreign exchange rates applied to the US
dollar for the post-1973 floating exchange rate period. Although this approach has lately fallen in disrepute, the
statistical evidence is strongly in support of the model. The results conform to expectations. All coefficients have
the correct sign and are highly significant statistically. The null hypothesis that the coefficient on the money
stock variable is equal to +1 fails to be rejected in all four estimated regressions. This reflects money neutrality.
The null hypothesis that the coefficient on the scale variable is equal to -1 fails to be rejected in all these four
regressions. This means that there are neither economies nor diseconomies of scale for aggregate income. The
joint null hypothesis that both of the above two constraints hold fails to be rejected at marginal significance
levels much higher than 10% for the first two regressions and fails to be rejected at a marginal significance level
higher than 2% for the last two regressions. Finally, the adjustment to the long run falls upon the real interest rate
and probably upon the scale variable. There is evidence that the foreign exchange rate, the money supply, and
the nominal interest rate are all weakly exogenous. One implication of this study is that businesses, economists,
individual investors, central bankers and policy-makers should have a more benign look upon fluctuations in
foreign exchange rates, and should become convinced that these fluctuations are determined by fundamental
forces.
Keywords: US dollar foreign exchange rate, money demand, cointegration, likelihood ratio tests, money
neutrality, economies of scale, vector error-correction model
JEL codes: F31, E41, F41, C58, C32.
1. Introduction
There is no doubt that floating foreign exchange rates are volatile. Since 1973 the mean of the log returns, i.e. the
mean of the first-difference of the natural logarithms, of the trade-weighted foreign exchange rate of the US
dollar recorded an annualized standard deviation of 5.99%. Log returns are approximately equal to percentage
changes particularly when the frequency of the data is high. Obviously, bilateral foreign exchange rates of the
US dollar have a higher volatility than the trade-weighted one because there is no averaging. In Azar (2012a)
bilateral annualized volatilities of the US dollar are estimated to be 7.13% for the Canadian dollar, 10.12% for
the sterling pound, and 11.49% for the Japanese yen.
An annualized volatility of 5.99% is higher than the annual inflation rate volatility which is 4.2% (Ross et al.,
2010), but compares well with interest rate volatilities. For example, Ross et al. (2010) document an annual
volatility of 5.7% for intermediate-term government bonds. However, foreign exchange rates are relative asset
prices and their volatility should be compared to other asset price volatilities. A commodity like oil has an
annualized volatility of 33.08% (Azar, 2012a). A portfolio of large-company stocks has an annual volatility of
20.6%, while the annual stock volatility of some individual firms, like that of Amazon, can reach up to 78.05%
(Ross et al., 2010). Therefore, the volatility of foreign exchange rates is significantly less than that of asset prices.
This does not preclude the fact that foreign exchange rates are highly variable in an absolute sense.
Since the volatility of foreign exchange rates is well established, the question that arises is whether this volatility
can be explained, macro-economically, by fundamentals. In this regard short run volatility is likely to be too
noisy, but long run volatility may be more amenable to modeling. This is the purpose of this paper: to test
whether the US dollar is anchored in the long run to fundamentals. If a proper model exists then the appropriate
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long run relation can be found by applying cointegration techniques (Engle and Granger, 1987; Johansen, 1991,
1995). Cointegration, if it fails to be rejected, implies that the variables in the multiple regression equation move
together in the long run, or, in other terms, they are anchored to each other. Of course, as will become evident
below, some special data characteristics need to obtain and certain sign and coefficient restrictions need to be
imposed and tested. Otherwise the model will not conform to theory.
The theoretical model adopted in this paper is what is known as the monetary approach to foreign exchange rates.
This model was popular in the late seventies (Bilson, 1978; Dornbusch, 1980; Hodrick, 1978) but went into
disrepute later. The turning point was Meese and Rogoff (1983), who found that a random walk model of the
foreign exchange rate outperforms in forecasting ability the predictions of all other theoretical and
macroeconomic models. Nonetheless, some more recent and supportive empirical analyses of the monetary
model showed up in the 2000s (Groen, 2000; Rapach and Wohar, 2002). Lizardo and Mollick (2010) use the
same monetary model to test for the effect of real oil prices and their evidence on the model is mixed. Some
coefficients, that turn out to be statistically significant, have the wrong signs. In addition, many coefficients are
not statistically significant.
If the monetary model is validated by statistical analysis this is an important step in the direction of explaining
the determinants of foreign exchange rates. In such a case the implications are substantial. First, economists
should regain confidence in the model, and should be assured that foreign exchange rate fluctuations are justified
by the fundamentals included in the model. At the very least, volatility of foreign exchange rates may fail to be
regarded as excessive, especially in the long run. There are also policy implications. Policy makers and central
bankers should have another and more benign look upon foreign exchange rate changes and should come to
believe that the latter do not move “out of hand.” Firms and businesses should become persuaded that in the
long run they can forecast the level and volatility of foreign exchange rates, and that they need not put too much
attention on short run unpredictability. Individual investors should be more tranquil about the returns on their
foreign investments and these returns should turn out to be better in line with their expectations.
The monetary approach to foreign exchange rates, as the name indicates, relies on a stable money demand
relation. If m is the natural log of the money stock, y is the log of aggregate output, p is the log of the price
level, i is the nominal interest rate, and  ,  , and  are regression coefficients then the money demand
relation can be stated as follows, with  as a regression residual:

m  p    y  i  

with   0

and 

0

In equation (1)  should be close to +1. However, this depends on the proxy utilized for the variable
Rearranging equation (1) and ignoring the interest rate effect then one has:

p    m  y  

with   1

(1)
y

.

(2)

Equation (2) has been estimated by cointegration methods for commodity indexes as the price variable using
monthly data (Azar, 2012b) or quarterly data (Browne and Cronin, 2007, 2010), for individual monthly
commodity prices as the price level (Azar, 2012a, 2012c), and for individual monthly commodity futures as the
price level (Azar, 2012d). The relevance of this literature to this paper is threefold. One, the existence of a long
run relation is supported. Two, the price level is replaced by prices set in auction markets that are characterized
by high flexibility and high volatility that come close to the flexibility and volatility of foreign exchange rates.
Three, the coefficient on the money supply   turns out to be invariably statistically insignificantly different
from +1 whatever the way the price level is defined.
The rest of the paper is organized as follows. The theoretical model is presented in section 2. The data source,
the empirical results and their interpretation form the major part of section 3. The last section summarizes and
concludes.
2. The Theory
The first theoretical construct is the Fisher equation (Fisher, 1930). The nominal rate of return has two
components: the real rate of return and expected inflation. If rt is the real rate at time t , sometimes called the
ex ante real rate, if it is the nominal rate, and if Et  t 1  is expected inflation, with Et being the expectation
operator, then the following relation is true:
rt 

1  it   1  it  Et  t 1   i  E  
1  Et  t 1 
1  Et  t 1  t t t 1
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In equation (3) the reason why the nominal and real rates are indexed with t and the inflation rate is indexed
with t  1 is due to the fact that rates of returns are usually known in advance, especially if they are rates of
interest. The approximation in equation (3) holds well since the data in this paper is monthly. In such a case:
1  Et  t 1   1

(4)

The second construct is the definition of the real foreign exchange rate. If S t is the nominal foreign exchange
rate at time t , measured as the number of units of the domestic currency per one unit of the foreign currency, if
Pt is the domestic price level, and if Pt* is the foreign price level, then the following is true:
Real exchange rate =

S P*
Xt  t t
Pt

(5)

In equation (5) a depreciation of the nominal or of the real foreign exchange rate is an increase in value. Taking
natural logs ln  in equation (5) then:

 

 S P* 
ln X t   ln t t   ln S t Pt*  lnPt 
 Pt 



(6)

Equation (6) states that the log of the real foreign exchange rate is composed of two elements: the domestic loss
in purchasing power of the US dollar lnPt  , and the foreign loss in purchasing power of the US dollar ln S t Pt* .
Since in this paper the trade-weighted exchange rate of the US dollar is used, this corresponds to the average
foreign purchasing power of the US dollar, i.e. it stands for ln S t Pt* and not for lnS t  . Define, for simplicity,
the log of the trade-weighted exchange rate of the US dollar ln S t Pt* as lnZ t  . The actual data on this
trade-weighted rate is provided as the number of units of foreign currency per one unit of the US dollar. In order
to be consistent with the definition of Z t  in this paper the inverse of the published series must be taken, or, in
the log formulation, the log of the inverse of the published series, which equals minus the log of the published
series, is to be computed.

 

 
 

The third construct is that the log of the real exchange rate is explained by the difference in real interest rates, i.e.
the difference between the domestic real interest rate r  and the foreign real interest rate r * . If the relation is
linear then:

 





 S P* 
ln X t   ln t t   lnZ t   lnPt      rt  rt*   t
 Pt 



with   0

(7)

Equation (7) is consistent with the Mundell-Fleming IS/LM open macroeconomic model with capital mobility
(Fleming, 1962; Mundell, 1968) whereby a higher differential in real interest rates, between the domestic and
foreign country, appreciates the real exchange rate. It is also partly consistent with the NATREX (Natural Real
Exchange Rate) approach to real exchange rates (Rey, 2009; Stein et al., 1997). Below another specification of
the model will be derived that is more compatible with Stein et al. (1997) and Rey (2009).
Two problems surface with equation (7). One, the real interest rates require knowledge about expected
differential inflation rates. An approximation is used by taking the ex post real interest rate, instead of the ex ante
interest rate in equation (3). The ex post real interest rate is defined as:
it   t 1

(8)

There is no doubt that the approximation in equation (8) creates a problem of measurement error in the real
interest rate variable. However, as long as the measurement error is stationary then the problem is relatively
minor.
The second problem is in trying to measure or in defining a proxy for the real foreign interest rate. Since this real
foreign rate must include real rates of all countries with which the US trades, and since some of these countries
have higher real rates while others have lower real rates, it is expected that, on average, the weighted real foreign
rate of interest is little variable, if at all, and can be ignored. One should recall that, in regression analysis, a
fundamental requirement for statistical precision is that each regressor be variable enough.
The fourth construct is the money demand relation that includes the nominal interest rate. If this money demand
is solved for the log of the price level lnPt  , that was defined as p in equations (1) and (2), then one has:





ln Z t   ln Pt      rt  rt*  ln Z t     rt  mt   y t  it   t

(9)

In equation (9)  is the semi-elasticity of money demand of the nominal interest rate. The following sign
restrictions must hold:
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(10)

  0,   0,   0,   0

In addition, the following size restrictions should bind:
(11)

  1,   -1

The second size restriction in (11), i.e.   -1 , depends on the proxy selected for the scale variable
specification of the same model is a log-log relation with the nominal interest rate:
ln Z t     rt  mt   yt   ln it    t

y

. Another
(12)

In this case  is the elasticity of money demand of the nominal interest rate, and should also be positive in sign.
The same sign restrictions (equations (10)) and size restrictions (equations (11)) apply for equation (12) as they
do for equation (9). Equations (9) and (12) compare better with the NATREX model that includes a domestic
productivity variable that Stein et al. (1997) and Rey (2009) proxy by the domestic growth in income. The
variables m and i are not present in the NATREX model which includes however foreign growth and
domestic government expenditures, both of which are not directly part of equations (9) and (12). If government
expenditures are related to aggregate output then these expenditures appear indirectly in these equations through
the output variable. However, there is a complication: are these expenditures positively or negatively related to
output? In Stein et al. (1997) and Rey (2009) the effect of government expenditures on the NATREX, the natural
real exchange rate, is opposite to that of domestic growth. Higher government spending reduces saving, while
domestic growth increases saving. The Keynesian IS/LM analysis would predict that the two variables should
have the same effect because higher government expenditures generate a higher output, at least in the short run.
In the long run however, if there is enough capital mobility, fiscal policy is ineffective and neutral when foreign
exchange rates are flexible and floating.
A salient feature of the NATREX model and of the monetary model, as exemplified by equations (9) and (12), is
that an increase in domestic aggregate output appreciates the foreign exchange rate. The traditional balance of
payments view of the foreign exchange rate predicts the opposite effect (MacDonald, 1988): higher domestic
output is reflected by higher imports, a deterioration of the trade balance, and a depreciation of the foreign
exchange rate.
3. The Empirical Results
The source of all data is from the website of the Federal Reserve Bank of Saint Louis. The data consists of the
trade-weighted foreign exchange rate of the US dollar, the seasonally adjusted MZM money stock, the MZM
money stock that is not seasonally adjusted, the industrial production index, the 10-year Treasury rate, the
Moody’s aaa corporate bond yield, and the Consumer Price Index (all items). The choice of the MZM money
stock, instead of M2, derives from the fact that the former is more popular according to the same web site. The
use of the industrial production index as a scale variable, or as a proxy for aggregate output, follows the tradition
initiated by Fama (1981). All the data is monthly and span the period from January 1973 to July 2012. This
corresponds to the floating period of the foreign exchange rate of the US dollar. The total number of
observations per variable is 475, except for the real rate which has 474 observations.
In order to undertake cointegration analysis, the variables must be tested for stationarity. The condition is that all
variables need to be non-stationary with the same degree of integration. The first step is to specify the maximum
lag length of the unit root test because the latter is sensitive to this lag length. If N is the sample size, then the
maximum number of lags is equal to the integer number of the factor N 0.25 (Diebold and Nerlove, 1990; Mills,
1999; Mills and Markellos, 2008; Schwert, 1987). Since the sample size is composed of 475 observations this
rule provides a result of 4750.25  4.67 , which is rounded to 5. The results of the Elliott-Rothenberg-Stock point
optimal unit root test (Elliott et al., 1996), with the presence of a trend, are presented in Table 1.
The log of the trade-weighted foreign exchange rate of the US dollar, the logs of the two US money supply series,
the log of the US industrial production index, and the log of the 10-year Treasury rate are all non-stationary in
levels but stationary in first-differences. Therefore all are integrated of order one. The 10-year Treasury rate is
also integrated of the same order. However the ex post real US rate is stationary in levels and in first-differences.
However, if the KPSS test (Kwiatkowski et al., 1992), with a constant but without a trend, is applied on the ex
post real US rate, this variable turns out to be integrated of order one. Hence in what follows all variables are
considered integrated of order one and cointegration tests can proceed without any problem.
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Table 1. Elliott-Rothenberg-Stock point-optimal unit root tests with a constant and a linear trend. The maximum
lag is set to 5. The null hypothesis is a unit root
Test statistic

Test statistic on the

on the level

first-difference

Log of US the trade-weighted foreign exchange rate

8.454339

1.036214

Log of the US MZM money stock (seasonally adjusted)

8.979281

0.554572

Log of the US MZM money stock (not seasonally adjusted)

5.988808

1.817775

Log of the US industrial production index

7.377106

1.946514

The US 10-year Treasury rate

26.41814

0.283635

Log of the US 10-year Treasury rate

22.43756

0.306432

Variable

Ex post US real interest rate
2.195923
3.505309
Notes: the critical values for the test are 3.96 (1%), 5.62 (5%), and 6.89 (10%). The ex post US real interest rate is the Moody’s aaa corporate
bond yield minus actual inflation. US inflation is measured by the log change of the US Consumer Price Index (all items).

Testing for cointegration is to be preceded by determining the specification and the optimal number of lags. The
default specification is adopted, meaning that a constant, but no trend, is included. The optimal lag length is
selected by minimizing the Akaike Information Criterion (Akaike, 1974). This criterion opts for three lags in all
four cointegration regressions. These four regressions consist of equations (9) and (12) with either the seasonally
adjusted money stock or the money stock that is not seasonally adjusted.
Table 2. Johansen cointegration tests. The lag length is 3 for all regressions and these include a constant but not a
trend
Equation (9) in the text using the seasonally adjusted money stock
Hypothesized number of

Eigen value

Trace statistic

cointegration equations

5% critical

Probability

value

Maximum

5% critical

Eigen value

value

Probability

None

0.165698

133.6561

69.81889

0.0000

85.14506

33.87687

0.0000

At most 1

0.052083

48.51101

47.85613

0.0433

25.13959

27.58434

0.0996

At most 2

0.025601

23.37142

29.79707

0.2283

12.18900

21.13162

0.5291

At most 3

0.019554

11.18242

15.49471

0.2005

9.281615

14.26460

0.2635

At most 4

0.004036

1.900809

3.841466

0.1680

1.900809

3.841466

0.1680

Equation (9) in the text using the not seasonally adjusted money stock
Hypothesized number of

Eigen value

Trace statistic

cointegration equations

5% critical

Probability

value

Maximum

5% critical

Eigen value

value

Probability

None

0.167781

136.3031

69.81889

0.0000

86.32012

33.87687

0.0000

At most 1

0.055126

49.98297

47.85613

0.0311

26.65081

27.58434

0.0655

At most 2

0.025922

23.33217

29.79707

0.2301

12.34395

21.13162

0.5141

At most 3

0.019032

10.98822

15.49471

0.2122

9.031291

14.26460

0.2836

At most 4

0.004155

1.956926

3.841466

0.1618

1.956926

3.841466

0.1618

Equation (12) in the text using the seasonally adjusted money stock
Hypothesized number of

Eigen value

Trace statistic

cointegration equations

5% critical

Probability

value

Maximum

5% critical

Eigen value

value

Probability

None

0.166402

130.7068

69.81889

0.0000

85.54182

33.87687

0.0000

At most 1

0.042224

45.16493

47.85613

0.0876

20.27648

27.58434

0.3223

At most 2

0.030657

24.88844

29.79707

0.1655

14.63405

21.13162

0.3154

At most 3

0.017093

10.25439

15.49471

0.2617

8.102952

14.26460

0.3683

At most 4

0.004567

2.151440

3.841466

0.1424

2.151440

3.841466

0.1424

5% critical
value
33.87687
27.58434
21.13162
14.26460
3.841466

Probability

Equation (12) in the text using the not seasonally adjusted money stock
Hypothesized number of
cointegration equations
None
At most 1
At most 2
At most 3
At most 4

Eigen value

Trace statistic

0.167711
0.042766
0.031730
0.016859
0.004857

132.2578
45.97707
25.43437
10.27940
2.288210

5% critical
value
69.81889
47.85613
29.79707
15.49471
3.841466

60

Probability
0.0000
0.0743
0.1465
0.2598
0.1304

Maximum
Eigen value
86.28075
20.54270
15.15497
7.991191
2.288210

0.0000
0.3048
0.2782
0.3796
0.1304

www.ccsenet.org/ijef

International Journal of Economics and Finance

Vol. 5, No. 2; 2013

Table 2 presents the Johansen cointegration tests (Johansen, 1991, 1995). Since there are five variables then four
cointegration equations at most can exist for each regression. In all four regressions the hypothesis that there is
one cointegration equation is strongly supported. The Johansen maximum Eigen value test statistic always
rejects the presence of two or more cointegration equations per regression at conventional marginal significance
levels. However, the trace test statistic finds some evidence for two cointegration equations in the two
estimations of equation (9), with the two definitions of the money stock. In this case, although the two marginal
significance levels are lower than 5% they are still higher than 3%. As for the estimation of equation (12), and
for the two definitions of the money stock, one cointegration equation is supported by both the trace test statistic
and the maximum Eigen value test statistic. Decision is taken to conclude that there is only one cointegration
equation in all four regressions.
Table 3 reports the estimated coefficient slopes for all variables in all four cointegration regressions. All sign
restrictions are met and are according to expectations. A higher money stock depreciates the US dollar. A higher
scale variable appreciates the US dollar. The effect of the nominal interest rate is positive, i.e. a higher nominal
rate depreciates the US dollar, while the effect of the real interest rate is negative, i.e. a higher real rate
appreciates the US dollar.
Table 3. Long run coefficients and likelihood ratio (LR) hypothesis tests

constant
Coefficient on the money
supply
(t-statistic)
[standard error]
Coefficient
on
the
industrial
production
index
(t-statistic)
[standard error]
Coefficient
on
the
nominal interest rate
(t-statistic)
[standard error]
Coefficient on the real
interest rate
(t-statistic)
[standard error]
LR test: 1st slope = +1
Actual  2 (1)
P-value
LR test: 2nd slope = -1
Actual  2 (1)
P-value
LR test: joint test on the
above two slopes
Actual  2 (2)
P-value

Equation (9)
with the seasonally
adjusted money stock
-5.837647

Equation (9)
with the not seasonally
adjusted money stock
-5.791516

Equation (12)
with the seasonally
adjusted money stock
-6.109887

Equation (12)
with the not seasonally
adjusted money stock
-6.098457

0.681901
(5.46958)
[0.12467]

0.702784
(5.56423)
[0.12630]

0.849848
(6.87041)
[0.12370]

0.866911
(6.90178)
[0.12561]

-1.015794
(-2.90644)
[0.34950]

-1.065342
(-3.00868)
[0.35409]

-1.421345
(-4.52181)
[0.31433]

-1.458158
(-6.90178)
[0.31891]

111.2116
(5.33479)
[20.8465]

112.7742
(5.31116)
[21.2334]

0.683780
(5.71150)
[0.11972]

0.693806
(5.67022)
[0.12236]

-136.7328
(-10.2753)
[13.3070]

-140.0479
(-10.3933)
[13.4748]

-125.9374
(-10.4394)
[12.0637]

-128.7815
(-10.5038)
[12.2604]

1.374844
0.240981

1.180209
0.277314

0.376228
0.539629

0.292296
0.588753

0.001547
0.968625

0.025756
0.872498

1.322256
0.250187

1.521075
0.217457

3.195833
0.202318

3.195214
0.202380

7.659972
0.021710

7.715088
0.021120

Three coefficient hypothesis restrictions are tested by likelihood ratio tests that are  2 distributed under the
null. The first hypothesis is that the slope coefficient on the money stock is +1. In all four regressions this
hypothesis fails to be rejected at marginal significance levels much higher than 10%. This implies money
neutrality. Money neutrality means that the specification of the model is appropriate, because such neutrality is a
basic requirement in many theoretical models. The second hypothesis is that the slope on the scale variable is -1.
In all four regressions this hypothesis fails to be rejected at marginal significance levels much higher than 10%.
This implies the absence of economies and diseconomies of scale. The third hypothesis is whether the two slope
coefficients are jointly +1 and -1. For the two estimates of equation (9) this joint hypothesis fails to be rejected at
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marginal significance levels much higher than 10%. However for the two estimates of equation (12) the actual
marginal significance levels of the joint hypothesis are 2.171% and 2.112%, less than a 5% marginal significance
level, but higher than a 2% marginal significance level. This differential result in significance may be due to the
fact that the specification of equation (9) is better than that of equation (12) or else that the industrial production
index is a bad proxy for the scale variable.
The semi-elasticity of money demand of the nominal interest rate is -111.2116 and -112.7742 (Table 3). These
estimates are monthly because the interest rate variable is divided by 1200 in the estimation procedure. For
comparability purposes the semi-elasticity must be divided by 1200 and is measured as -0.09268 and -0.09398.
These two estimates are close to -0.10, which is the value suggested by Stock and Watson (1993) for the 20th
century, and close to the estimates in Ball (2001), but higher, in absolute values, than the estimates in Friedman
and Schwartz (1982). The average of the 10-year Treasury rate over the sample period is 7.062%, implying two
estimates of the interest rate elasticity of money demand: -0.6545, and -0.6637. These estimates are close to the
estimates of equation (12), and which are -0.6838 and -0.6938 (Table 3), and close to the estimates for the
United Kingdom which range between -0.499 and -0.905 (Matthews et al., 2004).
The semi-elasticity of the real interest rate in the foreign exchange rate cointegration regression has four
estimates (Table 3). The coefficient values in Table 3 must also be divided by 1200 for comparability purposes,
and doing so, the semi-elasticities become respectively for the four cointegration regressions in Table 3: -0.1139,
-0.1167, -0.1049, and -0.1073. These estimates are so close to each other that it is difficult to favor one
specification over another. The average real rate is 3.8918% per annum, implying four real rate elasticities,
which are also close to each other: -0.4433, -0.4542, -0.4083, and -0.4176.
Table 4. Coefficients on the error-correction lagged residuals
Error-correction model of each of the following
cointegration regression
Dependent variable:

Equation (9)

Equation (9)

Equation (12)

First-difference of the log of each of the

with the seasonally

with the not

with the seasonally

with the not

below variable with exceptions (see the

adjusted money

seasonally adjusted

adjusted money

seasonally adjusted
money stock

table Notes).

Equation (12)

stock

money stock

stock

The foreign exchange rate

-0.005707

-0.005449

-0.007609

-0.007281

(t-statistic)

(-1.72893)

(-1.69688)

(-1.99912)

(-1.96452)

[standard error]

[0.00330]

[0.00321]

[0.00381]

[0.00371]

The money supply

0.000566

0.002895

0.001633

0.004383

(t-statistic)

(0.54306)

(1.76375)

(1.30786)

(2.28058)

[standard error]

[0.00104]

[0.00164]

[0.00125]

[0.00192]

The industrial production index

0.003770

0.003650

0.003906

0.003840

(t-statistic)

(2.83129)

(2.80684)

(2.52291)

(2.54028)

[standard error]

[0.00133]

[0.00130]

[0.00155]

[0.00151]

The nominal interest rate

-9.13E-05

-9.14E-05

-0.014051

-0.014711

(t-statistic)

(-1.83906)

(-1.90164)

(-1.30151)

(-1.40573)

[standard error]

[5.0E-05]

[4.8E-05]

[0.01080]

[0.01046]

The real interest rate

-0.004013

-0.003893

-0.004670

-0.004506

(t-statistic)

(-8.02174)

(-7.96329)

(-8.11342)

(-8.00325)

[standard error]

[0.00050]

[0.00049]

[0.00058]

[0.00056]

Notes: For the nominal interest rate error-correction model, the dependent variable is the first-difference of the rate for the two specifications
of equation (9), and is the first-difference of the logs of the rate for the two specifications of equation (12). The first-difference of the real
interest rate is the dependent variable in the error-correction model of the real interest rate.

Weak exogeneity is now tested following Engle et al. (1983) and Rapach and Wohar (2002). A variable is
weakly exogenous if the coefficient on the lagged error-correction residual in the Vector Error-Correction Model
(VECM) is statistically insignificant (Table 4). The foreign exchange rate is weakly exogenous only in the first
specification of the model, i.e. equation (9), in which the nominal interest rate enters linearly and is not logged.
The money supply is weakly exogenous in 3 out of 4 cases. The scale variable, the industrial production index, is
not weakly exogenous, although the error-correction coefficient has the wrong sign. The nominal interest rate is
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weakly exxogenous in all
a 4 cases. The real intereest rate is nott weakly exoggenous, and thhe error-correction
coefficientt has the corrrect sign and iis highly signnificant statistiically. It seem
ms that the reaal interest rate
e and
probably thhe scale variabble bear the bru
runt of the adjuustment to the long run, i.e. ttheir adjustmennt restores long run
equilibrium
m. These resullts are in sharpp contrast to R
Rapach and W
Wohar (2002) w
who find that thhe scale variab
ble is
weakly exogenous and thhat the money stock is the vaariable that achhieves the adjuustment towardds the long run
n.
In order tto represent the
t dynamic iimpact of a shock in the log of the m
money stock oon the log of the
trade-weigghted exchangee rate of the U
US dollar a Vecctor Autoregressive Model (V
VAR) comprissing all the abo
ove 5
variables iis estimated. The
T number off lags is four, selected accorrding to the Akkaike Informaation Criterion. The
response oof the log of the US dollarr to the shockk in the log oof the seasonallly adjusted U
US money stock is
portrayed in Figure 1. Thhis figure show
ws that initiallyy the responsee of the US dolllar is negativee, i.e. the US dollar
d
appreciates for about 6 months, after which it begins depreciatting graduallyy until the final effect is allmost
constant annd positive, significantly aboove the zero liine. This long run impact refflects the neutrrality of the money
m
stock. Thee short run oveershooting, or appreciation oof the US dollar, the graduaal depreciationn, and the long
g run
return to eequilibrium, arre consistent w
with the Dornbbusch overshoooting hypotheesis (Dornbuscch, 1976). This has
received eempirical suppport lately, as shown by thee evidence in Bjørnland (20009), where ovvershooting oc
ccurs
within 1-22 quarters, a peeriod which is cconsistent withh the finding oof a 6-month ovvershooting inn this paper.

US dollar to a oone standard ddeviation Choleesky innovatioon in the log off the
Figure 1. Response of thhe log of the U
US money stock
money stock onn the nominal interest rate. Again
A
Figure 2 portrays the dynnamic impact of an innovatioon in the US m
onths.
overshootiing is the mainn characteristiic in this figurre. The nominnal rate shoots up initially foor about 5 mo
Then it grradually falls, reaching a neew long run eequilibrium whhich is signifiicantly below the zero line. The
nominal raate is permaneently lower thaan at the start. The behavior of the nominnal rate in Figgure 2 is consiistent
with the bbehavior of thhe foreign excchange rate inn Figure 1 annd the two foollow from the same theore
etical
principle.

Figure 2. R
Response of thhe US 10-year Treasury rate to a one standaard deviation C
Cholesky innoovation in the lo
og of
the US
S money stockk
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4. Conclusion
This paper has estimated successfully a version of the monetary approach to foreign exchange rates applied to
the US dollar for the post-1973 floating exchange rate period. The variables that explain the loss in the
international purchasing power of the US dollar are: the US money stock, a US scale variable, a US nominal
interest rate and a US real yield. Since all variables are integrated of order 1, the econometric procedure adopted
is cointegration, which enables carrying out tests for a long run relation.
There is strong support for only one cointegration equation in all four estimated regressions. All coefficients
have the correct sign and are highly significant statistically. The null hypothesis that the coefficient on the
money stock variable is equal to +1 fails to be rejected in all four regressions. This supports money neutrality,
which is a crucial constituent of many macro models. The null hypothesis that the coefficient on the scale
variable is equal to -1 fails to be rejected in all four regressions. This excludes economies and diseconomies of
scale. The joint null hypothesis that both of the above two constraints hold fails to be rejected at marginal
significance levels much higher than 10% for the two regressions based on equation (9). However, for the two
regressions based on equation (12) this joint null hypothesis fails to be rejected at a marginal significance level
higher than 2%. It seems that a linear specification of the nominal interest rate variable as in equation (9) is
better supported than a log specification as in equation (12), or else that the proxy for the scale variable is a bad
proxy. Finally, the adjustment to the long run falls upon the real interest rate and probably also upon the scale
variable. There is evidence that the foreign exchange rate, the money supply, and the nominal interest rate are all
weakly exogenous.
The evidence on the estimated model, on money neutrality, and on the absence of economies and diseconomies
to scale should urge economists to regain confidence in this monetary model, and should assure them that
foreign exchange rate fluctuations may be justified by the fundamentals included in that model. At the very least,
long run volatility of foreign exchange rates may fail to be regarded as excessive. And a more benign look upon
these long run fluctuations in foreign exchange rates is warranted, especially by policy makers. If, in the long run,
the level and volatility of foreign exchange rates are predictable individual investors should be more tranquil
about their returns on foreign investments and these returns should turn out to be better in line with their
expectations.
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