The Balassa-Samuelson Effect and The MEVA
G10 FX Model

Abstract: In this study, we introduce Danske’s Medium Term FX Evaluation model (MEVA G10 FX), a framework that falls within the class of the Behavioural Equilibrium Exchange Rate (BEER) models. An important concept
of the BEER model is that there is no prior theory for the choice of economic
variables; hence, the choice of variables is based on economic intuition and data
simplicity and availability.
Using two medium-term G10 FX drivers - a gauge of the Balassa-Samuelson
effect and the terms of trade - we run a Fixed-Effect panel regression on the
G10 currencies, using the US Dollar and the Euro as the base currencies.

1

1

Introducing the MEVA FX model

The Medium-Term Valuation (MEVA) FX model was developed by Danske
Bank’s FX strategy team. Its framework falls within the class of Behavioural
Equilibrium Exchange Rate (Clark and MacDonald, 1998, 2000) models, which
estimate the fair value of currencies according to short, medium and long-run
determinants. In our previous publication (here), we estimated the fair value of
currencies using a panel fixed effect (FE) model regressing the nominal exchange
rate on a set of macroeconomic and financial variables – the terms of trade, the
interest rate and the inflation (relative to the US as we chose the US Dollar as
our base currency).
In this study, we are interested in modelling the real exchange rate rather than
the nominal, using two medium-term G10 FX drivers: a gauge of the BalassaSamuelson effect and the terms of trade.
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2.1

Explanatory variables and data frequency used
for our study
Balassa-Samuelson effect

The Balassa-Samuelson effect, sometimes referred as the Penn effect, comes
from an observation from academics (Bela Balassa and Paul Samuelson) that
countries with higher levels of productivity growth tend to experience ‘rapidly
rising real wages and so appreciating real exchange rates’. Among the different
studies that have tried to measure the exchange rate misalignment by exploiting
the positive real per capita income and relative prices across countries (vs. the
US), one can measure the misalignment of the exchange rate as the residual of
the following cross-sectional regression:
qit = α + βgdpit + et

(1)

where q is the real exchange rate, α and β the coefficients, e the residuals and
gdpi the real per capita GDP (log, relative to the US) for the country i. Using
annual data from Wang, Xue and Du (see excel file attached), the results of
regression 1 are reported in Table 1 and show an economically positive and
statistical significance of the coefficient. An increase of the real per capita GDP
differential is associated with an increase in the real exchange rate.
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Table 1: Results of Regression 1
Regressor
q
rgdp
1.726***
(0.030)
Standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1
In the MEVA G10 FX model, the explanatory Balassa-Samuelson variable
is expressed as the CPI-PPI differential relative to a specific country, as it is
common to use the CPI-to-PPI ratio as a proxy for productivity to account
for the Balassa-Samuelson effect (Egert et al., 2002). Hence, we compute the
variable as the following:
Balassait = (cpiit − ppiit ) − (cpi0it − ppi0it )

(2)

Where cpiit and ppiit stand for the Consumer Price Index and the Producer
Price Index of the domestic country i (in log terms), and cpi0it and ppi0it are for
the foreign country, respectively.

2.2

Terms of Trade

The second explanatory variable that we are going to use for this study is the
terms of trade, which reflects the evolution of import and export prices for a specific country. Empirical research has commonly found that the (improvement
of the) terms of trade has a positive impact on economic growth. Harberger
(1950) and Laursen and Metzler (1950) were among the first academics to look
at the impact of a terms of trade shock on an economy, and concluded that a
deterioration of the terms of trade is generally followed by a decline in a the
country’s real income and therefore decreasing savings.
Figure 1 shows the evolution of the Australian Terms of Trade (Price Index,
red line) with the U SD/AU D exchange rate since 1998 (using quarterly data).
We can notice a strong co-movement between the two times series, which leads
us to the conclusion that an improvement of the terms of trade will increase
economic growth and hence appreciate the domestic currency (in that case, the
Aussie).
The terms of trade differential is computed as the following:
M
0X
0M
totit = (pX
it − pit ) − (pit − pit )

(3)

M
where pX
it and pit represent the export and import prices of the domestic coun0X
try i (pit and p0M
it are the export and import prices of the foreign country,
respectively).
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Figure 1: USD/AUD vs. Australian Terms of Trade

2.3

Data

This study focuses on the G10 most liquid currencies, using the US Dollar and
the Euro as the two base currencies. The dependent variable in the reduced
form-equation is the real exchange rate relative to the US Dollar (for Canada,
Australia, Japan and New Zealand) and the Euro (for Switzerland, Norway,
Sweden and the US). As inflation data and import and export prices are not
available at a monthly frequency for Australia, New Zealand and Norway, hence
we use quarterly data from Eikon Reuters for our regression, and we obtain a
panel dataset with 657 observations, spanning from 2000Q1 to 2017Q4. The
dataset is unbalanced, due to some unavailable data (i.e. Q3 2017) for some
countries.
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Panel Fixed Effect Model

To estimate the “fair” values of the real exchange rates, we use a panel fixed
effect (FE) model. The following reduced-form equation is used to estimate our
long-run equilibrium relationship:
qit = α + γi + β1 Balassai,t + β2 toti,t + it
where:
• q is the real exchange rate of currency i
• Balassa is the Balassa-Samuelson effect
4

(4)

• tot is the terms of trade differential between country i and the base country
(i.e. US or Euro)
• γ i is the country specific fixed effect (captures the time-invariant characteristics of each country)
As a reminder, the real exchange rate of the country i is computed as the
following:
qit = eit + cpiit − cpi∗it
(5)
where eit is the nominal exchange rate for country i.

3.1

Results

We estimate the model in equation (4) by Ordinary Least Square (OLS), and
the results of estimates for the β are reported in Table 2 (with the standard errors in parenthesis). Note that we assume the real exchange rate (in log terms)
to be cointegrated with the set of macroeconomic variables, as through a series
of tests, we find that the errors are stationary. We know that OLS regressions
can lead to a spurious relationship when the variables are non stationary.

Table 2: Results of OLS-FE regression of model 4
Regressor
q (real exchange rate)
Balassa

0.542***
(0.052)
0.597***
(0.037)
-1.204***
(0.005)

tot
Constant

Observations
R-squared
Standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1

642
0.312

We can see that all coefficients are statistically significant at a 1-percent level,
and they all conform to economic intuition. A 1-percent increase in the terms
of trade differential is associated with a 0.597 increase in the real exchange rate
(log), and a 1-percent increase in the Balassa-Samuelson independent variable
is associated with 0.542 increase in the real exchange rate.
In the appendix, we report the fixed effect per country.
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3.2

Consistency of our estimators

A first step before running the regression would be to test if the variables are
non-stationary by running a series of ADF (Augmented Dickey-Fuller) unit root
test on all variables, country by country. By doing so, the null hypothesis of
a unit root could not be rejected for most of the cases; however, if we do the
tests on the first-difference series we can reject the null (with strong levels of
significance). Therefore, we first conclude that (most of) the variables are non
stationary and integrated of order 1 (i.e. I(1)).
Hence, due to the presence of non-stationarity, our OLS-FE regression will
only provide consistent estimates if the included non-stationary variables are
co-integrated. Our exercise will be to see if there exist a linear combination (between the independent and dependent variables) that is stationary, or in other
words to check if the following combination:
qit − (a1 Balassai,t + a2 toti,t )

(6)

is stationary (i.e. I(0)).
Following the Engle and Granger approach (1987), we ran three tests that allowed for individual unit root process in the panel, which are the the ADF-Fisher
and PP-Fisher Chi square tests and the Im, Pesran Shin test.
All reject the null hypothesis of the residuals having a unit-root process, hence
confirming that estimated residuals series is stationary (I(0)).
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Convergence to Equilibrium

The second part of this analysis consists in testing the convergence to the mean
; in other words, we are interested to test if divergences from the fair value of
the exchange rate (in our case defined by the MENA G10 FX model) provide
significant and useful information for future movements in the current spot
rate.
In Figure 3, we plot the U SD/GBP and JP Y /U SD actual exchange rates
overlaid with their fair values according to the MEVA G10 FX valuation metrics.
We can notice that the spot rates tend to oscillate around their fair values over
time, implying that spot rates mean revert if they diverge to far from their
’equilibrium’ values.
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Figure 2: USD/GBP and JPY/USD vs. ’Fair’ Value Rates
In order to test the long-run relationship between the real exchange rate and
the macroeconomic rate, we run the following Error Correction Model (ECM):
∆qi,t+1 = λˆ
it +

N
X

b1n ∆Balassai,t−n +

n=0

N
X

b2n ∆toti,t−n + νit+1

(7)

n=0

where:
• ˆit represent the fitted residual from the long-run equation
• ∆Balassai,t−n and ∆toti,t−n are the control variables for short-term effects in the real exchange rates
• we chose N = 3 as we are working with quarterly data (8 control variables
in total)
7

As expected, the estimate of λ is statistically significant at a 1-percent level and
negative (-0.085), which confirms our analysis that deviations from ’fair’ value
tend to mean-revert over time.
Table 3: Results of ECM model 7
∆q(realexchangerate)
-0.085***
(0.0183)
Standard errors in parentheses
*** p<0.01, ** p<0.05, * p<0.1

Regressor
(−1)

5

Measuring the currencies’ misalignments

Now that we tested the significance of the mean reversion coefficient, we can
report the currencies’ misalignments in order to see which currency is undervalued or overvalued according to its fair value (Table below).
We can notice the exchange rates are usually trading within a 5-percent band
away from their MEVA ’fair’ value, except for the British Pound and the
Japanese Yen (versus the US Dollar) and the Swedish Krona. As we saw in
Figure 2, Cable got massively sold post referendum, and its current spot stands
10 % away from its ’fair’ value of 1.54.
Despite the Japanese Yen appreciation over the past year, the U SD/JP Y is
still trading 10-percent above its ’equilibrium’ value of 97.30 (i.e. Japanese Yen
is still undervalued versus the US Dollar).
FX Pair
EURUSD
EURCHF
EURSEK
EURNOK
GBPUSD∗
AUDUSD∗
NZDUSD
USDCAD
USDJPY∗

MEVA
rate
1.25
1.2150
9.17
10.13
1.54
0.75
0.76
1.20
97.30

Q3 2017
Spot
1.18
1.1450
9.62
9.40
1.35
0.78
0.72
1.25
112.70

Q1 2018
Spot
1.24
1.17
9.91
9.66
1.40
0.78
0.73
1.26
106.70

Deviations
(% to spot)
-0.8 %
-3.8%
7.8%
-4.8%
-9.5%
3.9%
-4%
4.9%
9.22%

*:As we had one more quarter of data for UK, Australia and Japan, we compare
the MEVA Fair to the Q4 2017 spot rates (instead of Q3)
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Appendix

The Table below shows the Fixed Effect (FE) per country of our regression 4.
Each result includes the constant, hence the FE for a specific country i is equal
to the following:
F Ei = α + γi
(8)
Country
Australia
Canada
Euro
Japan
New Zealand
Norway
Sweden
Swiss
UK

Fixed Effect
-0.481
-0.311
-0.182
-4.747
-0.629
-2.113
-2.236
-0.530
0.410

In the next series of charts, we plot the real exchange rates of each country (qi )
overlaid with the two explanatory variables of our cross-sectional regression: the
Balassa-Samuelson and the Terms of Trade.

9

10

11

12

7

References

Chong Y., Jorda O. and Taylor A.M. 2012. The Harrod–Balassa–Samuelson
hypothesis: real exchange rates and their long-run equilibrium. International
Economic Review, 53 , 609–634.
Clark P. and MacDonald R. 1998. Exchange rates and economic fundamentals: A methodological comparison of BEERs and FEERs, IMF paper.
Clark P. and MacDonald R. 2000. Filtering the BEER: A permanent and transitory decomposition, IMF paper.
Danske Bank. 2015. FX Edge: Introducing the Danske G10 MEVA
model.
Engle R. F. Granger C. W. J. 1987. Co-Integration and Error Correction:
Representation, Estimation, and Testing, Econometrica, 55, 251-276.
Wang W., Xue J. and Du C. 2016. The Balassa–Samuelson hypothesis in the
developed and developing countries revisited. Economics Letters, 146, 33-38.
Egert B., Lahreche-Revil A. and Lommatzsch K. 2002. The Stock-Flow Approach to the Real Exchange Rate of CEE Transition Economies.

13

