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Abstract

Exchange rates are important macroeconomic prices and changes in these rates affect economic activ-
ity, prices, interest rates, and trade flows. Methodologies have been developed in empirical exchange rate
misalignment studies to evaluate whether a real effective exchange is overvalued or undervalued. There is
a vast body of literature on the determinants of long-term real exchange rates and on empirical strategies
to implement the equilibrium norms obtained from theoretical models. This study seeks to contribute to
this literature by showing that the global vector autoregressions model (GVAR) proposed by Pesaran and
co-authors can add relevant information to the literature on measuring exchange rate misalignment. With

the GVAR methodology, we show that it is possible to detach the misalignment of a country in two factors.
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1 Introduction

Exchange rate misalignment assessment is important. Large deviations from equilibrium can be a sign of serious
macroeconomic imbalances. They can also generate effects on trade and financial flows. Many studies have
attempted to construct more accurate estimates of the magnitude and sign of exchange rate misalignment.
Exchange rate misalignment is defined as the difference between a measure of the real exchange rate and
some equilibrium norm. Discussions on exchange rate misalignment can be divided into two levels. The first
focuses on which is the best norm to use to evaluate exchange rate equilibrium. Economic models give a better
understanding of the determinants of the real exchange rate. These models attempt to determine the best set
of fundamentals that explain real effective exchange rates in the long run. The second level of debate revolves
around the best empirical strategy to measure exchange rate equilibrium norms. This is an econometric debate.

Although trade and financial links have been growing during recent decades, the literature on exchange rate
misalignment tends to neglect the global effects and interdependence among countries may have on fundamentals.
One possible explanation for this gap has to due with the curse of dimensionality to deal with these effects in
empirical modelling.

This study seeks to contribute to the current body of literature by showing that the global vector autore-
gressions model (GVAR) proposed by Pesaran et al. (2004) can be used to address exchange rate misalignment
by incorporating the information on possible interdependence among countries fundamentals. It is also dis-
cussed how to decompose exchange rate misalignment estimates into economic meaningful pieces by imposing
and testing over-identifying restrictions on cointegrated spaces derived from economic theory. Moreover GVAR
must be implemented in a comprehensive framework by highlighting the gains of the methodology compared
to traditional one country framework. Since a cointegrated relationship is invariant to a broader information
set, it is possible to explicitly show what are, if any, the gains of using another information set that deals
with interdependence. The paper uses an extended version of Behavioral Exchange rate Approach using trade
balance, net foreign asset position and relative per capita income levels as fundamentals to model real effective
real exchange rate.

This paper is divided into five sections. The first is this introduction. The second section provides a brief
review of current literature on exchange rate misalignment determinants and describes the challenges faced by
empirical studies in trying to determine whether a country’s exchange rate is overvalued or undervalued. The
third section presents the global vector autoregressive model (GVAR) and explains how to adapt Gonzalo and
Granger’s methodology (Gonzalo and Granger (1995)) to this framework. The fourth section describes the
results of an empirical exercise that models real effective exchange rates for a selected group of countries. The
fifth section applies the limits and the merits of the GVAR approach to the exchange rate misalignment problem

and suggests possible extensions to our work. This section also concludes the paper.



2 Brief Literature Review: An Overview of Methodologies to calcu-
late exchange rate misalignment

The literature on real exchange rates is extensive Froot and Rogoff (1994). The classical doctrine, and perhaps
the oldest one on real exchange rate determinants is that of purchasing power parity (PPP). Reference to this
theory can be found in classic studies. Recent studies confirm the validity of PPP for tradable goods, although
the adjustment towards equilibrium is quite slow. Ahmad and Craighead (2011) obtained strong evidence of
a mean reversion with a high half-life using a secular consumer price index data set for the United States
and United Kingdom. Their work investigates the point made by Taylor (2001) on the effects of temporal
aggregation on PPP tests.

There is also much theoretical discussion on which variables drive the real exchange rate in the long term.
Older studies include those of Edwards (1989a,b), who analyzes the causes and consequences of exchange rate
misalignment, and Dornbusch (1976), who developed the classic flexible exchange rate model approach under
which monetary policy shocks cause deviations from PPP fundamentals.

The studies of Bilson (1979); Mussa (1977) are also classics. These are key references for the monetary
approach to exchange rates. Under this approach, the exchange rate would be primarily driven by two funda-
mentals: the difference between domestic and foreign income, and the money supply. The approach assumes
that PPP and uncovered interest parity (UIP) hold continuously, and that the demand for money is stable in all
countries. Stein (1995) formulated the natural exchange rate approach (NATREX). According to the author,
the equilibrium exchange rate is one that is equal to the level of investment and savings generated by economic
fundamentals.

Another approach to address exchange rate misalignment is based on the idea that in floating exchange era
Central Banks follows a Taylor rule to set interest rate. If arbitrageur are free to operate, exchange rate is
related to interest rate and output gap. Chou (2016) explores this route and estimate a significant transitory
component on nominal exchange rate.

The fundamental real exchange rate approach (FRER) was developed by Williamson (1994) and had a
significant impact on exchange rate misalignment theory. Here, the equilibrium exchange rate is the one that
allows a country to sustain a desirable result in its external accounts. A more recent reference to this approach
is that of Cline and Williamson (2008). A limitation of this approach is that choosing the target of foreign
accounts is arbitrary and subjective. As a result, the results may not be robust to different targets. In addition,
this approach focuses on flows, not stocks.

Recently, the International Monetary Fund (IMF) began to systematically disseminate its research efforts
into measuring the exchange rate misalignment in several of its member countries. Two documents were recently

released. These works are an important advance towards transparency. ' The methodology is also a step forward

1 The codes and data used to calculate the exchange rate misalignment are available on the IMF website, and the results are

easy to replicate.



in incorporating the role of policy gaps in exchange rate misalignment estimates.

The External Balance Assessment (EBA) methodology, developed by the IMF’s research department, is based
on two panel estimations: one for the current account and one for the real effective exchange rate (REER). 2
The basic idea is that the REER can be written as a function of the output gap, real interest rate differential,
and factors that may affect saving, investment, current account, capital flows, and changes in foreign currency
reserves. °

Given the results of the estimation, the “Total REER Gap” can be calculated as the sum of the regression
residual and the “Total Policy Gap.” The policy gap is a measure of a cyclical gap (over a benchmark) in six
policy areas: fiscal balance, capital controls, social spending, foreign exchange market intervention, financial
policies, and monetary policy.

Behavioral real exchange rate (BRER) approach incorporates the evolution of stocks and constructed a
model that allows flows and stocks to interact. (Faruqgee (1994)) Thus, there must be a stable relationship
between the real exchange rate and the net foreign asset position between residents and non-residents. The
model was subsequently extended by Ubide et al. (1999). Kubota et al. (2009) model includes a representative
agent who maximizes intertemporal consumption and accumulates capital. This study indicates that the real
exchange rate is a function of terms of trade, net external position, and the relative productivity of the tradable
and non-tradable sectors. This approach seeks to reduce the degree of subjectivity when estimating exchange
rate misalignment. To this end, she establishes a link between the real exchange rate and a set of fundamentals
derived from a theoretical model. She then decomposes the series of real exchange rates into transitory and
permanent components using the time series econometric technique.

Despite the extensive literature, none of these studies address possible interactions that might exist among
countries* fundamentals. On following sections it is discussed how GVAR can be used to deal with interdepen-
dence. It is also discussed how CVAR can be used to decompose exchange rate misalignment into economic

meaningful pieces.

2.1 Behavioral exchange rate approach based on fundamentals

One possible approach to estimate exchange rate misalignment consists of implementing an empirical strategy

to estimate long run fundamentals of real effective exchange rate. The works of Aguirre and Calderon (2005),

2 A full description of the methodology, data, and routines are available at http://www.imf.org/external/np/spr/2013/esr/.

3 The explanatory variables included in the EBA model are the commodity terms of trade, trade openness, share of administered
prices, VIX (Chicago Board Options Exchange Market Volatility Index), the share of own currency in world reserves, financial home
bias, population growth, expected GDP growth over the next five years, productivity, and changes in foreign reserves. The following
policy-related regressors are also included: health expenditure to GDP, foreign exchange interventions, real short-term interest rate

differential, private credit to GDP, and capital controls.



Farugee (1994), Ubide et al. (1999) and Kubota et al. (2009) are good examples of this strategy. These works
choose the exchange rate fundamentals based on a theoretical economic model. Following Lane and Milesi-
Ferretti (2003) we can obtain the steady state equations given by (1) and (2) from different variants of an

intertemporal macroeconomic model:

RER = —$:TB+ \X 2)

From equation (1), one country can not have in the long-run a trade balance deficits (TB) unless the net
revenues from NFA are positive and large enough to cover this deficits. The second equation shows how real
exchange rate is related to trade deficit and other long-run determinants. The real exchange rate is increasing in
the net foreign asset position of the country. The intuition is that a positive wealth shock reduces labor supply
to the nontradable sector, which increases the relative price of nontradables and hence a real appreciation. The
vector X accounts for any other factor affecting equilibrium RER such as Balassa-Samuelson Effect (Balassa,
1964, Samuelson, 1964) or a terms of trade effect.

By using trade balance, net foreign asset position as share country Gross Domestic Product (GDP) and

others variables measured in natural logarithm scale, it is also possible to work with the following equations.

tb = —rynfa (3)
Ter = —¢otb+ \oT (4)
By merging (3) and (4), we obtain:
Ter = ¢rrsnfat+ AT (5)
s = Treal — Jgdp (6)

where 7,4 is the real interest rate and ggq, is the real GDP growth. One can note that the sign of ry is

positive if rreq1 — ggap > 0 and negative if 7rcq; — ggap < 0.



The traditional papers investigate if there is evidence of cointegration between real effective exchange, net
foreign asset and a list of fundamentals based on equation (5). The traditional approach consists of estimating
a Vector Error Correction Model with the following set of variables: real exchange rate, net foreign asset and
some group of fundamentals that does not contain trade balance series. Based on this econometric model,
the real effective exchange rate is decomposed into permanent and transitory components to address exchange
rate misalignment. The usual choice in the literature is the Gonzalo and Granger (1995) decomposition. This
approach assumes that equation (1) holds and net foreign asset contains all relevant information regarding
external accounts sustainability.

In this paper, we want to explore and show that important information regarding exchange rate misalignment
can be missed when the analysts opt not to jointly modeling net foreign asset and real exchange rate in the
system. Assuming that all variables in the system of equations given by (1) and (2) are integrated of order
one - I(1) - then we have at least two cointegration relationships. The evolution of trade balance can provide
important information regarding the long run level of NFA and consequently to the long run level of the real

exchange rate. This approach is discussed in the next subsection.
2.2 Econometrics of Behavioural Equilibrium exchange rate misalignment ap-

proach

The analysis starts with an estimation of a vector error correction model (VECM), as suggested by Johansen

(1988); Johansen et al. (1995). The model is given by equation (1):

Aziy = aifBiwi—1 +TiaAzii 1+ ..+ T g1 Az g g1 + Dy + 4, (7)

where ; are not correlated random errors, and 2; is defined as the covariance matrix of the errors. The vector
x;,¢ contains the variables for the real exchange rate and the fundamentals (e.g., net foreign investment position,
terms of trade, etc.) and has dimension p, D, contains deterministic terms, and 6 = {ay, 8;, Ti1, ..., Ty k—1, @i}

is the set of parameters to be estimated.

2.2.1 The Gonzalo and Granger decomposition

Several decompositions have been proposed to decompose the series into transitory and permanent components.

In general, the decomposition takes the following form:

zip = leil(Blei) T B+ Bin(ciBin) e (8)

The existence of this decomposition is not always guaranteed, because the matrix ¢}f;, may not have full

rank. Gonzalo and Granger (1995) proposed ¢; = «;;. This representation always exists for a model with



a VECM of zero order. Johansen (1995) suggests ¢; = «;1 (I'i1 + ... + T';1 — I). This decomposition always
exists, provided that there are variables in the system with an order of integration of at most one. Kasa (1992)
proposes ;1. Another possibility is to generate forecasts from the VECM estimated for each point. The values
on which the series converge are called fundamentals.

The decomposition of Gonzalo and Granger is widely used in exchange rate misalignment empirical litera-
ture.* In their decomposition, the transitory components do not cause changes in the permanent component in
the long term. In other words, misalignment (defined as the transitory component of the real exchange rate in a
multivariate equation system) does not contain relevant information for predicting the changes of the permanent
components in the long term.

Using the parameters from (7), it is possible to calculate the transitory component (7;;) and the permanent

component (P;;) from the following equations:

Py = Bi(al Bin) tal xiy, 9)

Tyt = a;(Ble) ' Bl (10)

The estimate of exchange rate misalignment is the component associated with the position of the real
exchange rate in vector x; ;. Assuming that the real exchange rate is in the first position of the vector, and using
the value of the error correction mechanism centered on their own means, one can calculate the misalignment

using the following equation:
mish FOM = hy (Bl — B(Blwit))- (11)

where hy =[ 1 0 .. 0 Jai(Bley) ! and fi = Blw;+ — E(Biw¢).

3 Motivation for a global model

The trade and financial links among economies are worthmention. Exchange rate is probably the most important
that links one economy to the rest of the rest of the world. The literature of exchange misalignment focused
on the relationship between country real effective exchange rate and its domestic fundamentals. Although
modeling interdependence among countries is a natural extension there is little effort in this direction due to
the curse of dimensionality. A global model must be constructed to assess the magnitude of global effects. In

this context, the GVAR appears to be an interesting option, as the relevance and magnitude of global factors,

4 See Ubide et al. (1999) and Kubota et al. (2009).



vis-a-vis domestic components, can be explicitly and properly evaluated and tested. Furthermore, the GVAR
approach give us, by definition, some kind of global consistency, which is ignored in a traditional time series or

panel data approach.

3.1 GVAR model

In this study, we apply the GVAR methodology to ascertain whether there is any external factor affecting the
real exchange rate in the long or short run for a group of selected countries. In this sense, the measure of
exchange rate misalignment may have two components. The first is related to domestic fundamentals and the
second to global factors. The GVAR explains the source of external influences on the domestic economy by
including external variables in VARX.5 External variables are usually assumed to be weakly exogenous for each
country, as defined in Engle et al. (1983); Hendry (1995).

In general, the GVAR can be described as a two-step approach. In the first step, a specific model for each
country is estimated using the variables of the country and the trading partners weighted average of external
variables. Then, all individual models are stacked and grouped into a system of equations, which are solved.
Once this is done, the model provides options for different types of analyses, such as the forecast evaluation and
impulse response analysis. Overall, there is a set of individual models represented as VARX that are combined
to obtain the GVAR.

Following the notation of Pesaran et al. (2004), we restrict our discussion to the specification with first-order

dynamics, as represented by VARX (1,1). Counsider a set of N countries. In this case, it follows that

* *
Tit = @i0 + @it + Piwi g1 + N ox] + A7, + €, (12)

where z;; is a vector of k;x1 specific variables for each country, z7, is a vector of k;x1 foreign variables,
i =1,2,..Net=12,..T, A;p and A;; are matrices with parameters of the contemporaneous and lagged
terms, a; o is a vector containing the constant, and a;; is the coeflicient associated with the time trend. The
term €;; is a vector of idiosyncratic shocks for each country.

It is assumed that

€~ idd. (0, 3 ) ,and (13)

(2

Z = Ojils, (14)

i
where 0y; 15 = cov(ey, €i15) and s, denote the variables for each of the countries in analysis i, respectively.
The shocks, €;;, are assumed to be weakly correlated across countries.

The external variables are constructed using the trade weights, w,

5VARX is the vector autoregression (VAR) model that contains exogenous variables.



N
rh = Zwi,j%‘t, (15)
j=1

N
j=1

From (12), we can see that the domestic variable, z;;, depends on the external variable z},. The system
from equation (12) needs to be solved for all domestic variables, (i = 1, ..., N).

The external variables are defined in (17)

zig = Wixy, (17)

where W, is a weight matrix with dimension (k; + k7 )xk. The matrix W; reflects the relationships between
countries and allows the analyst to unify the model into a complete global model. For a specific country, i = 1,

the matrix W; takes the form of

I 0 0 0
le )

0 wlglk wlgfk wlNIk

where [ is an identity matrix with dimension k.

z;
To obtain the global VAR, we define z;; = " | and rewrite (12) as
Ty
Aizit = a0 + aint + Bizig 1 + €, (18)
where
Ai = (Ixs, —Nio)  Bi = (P4, Ain). (19)

The terms A; and B; have dimension k;x(k; + k}), andA; has full column rank, k;.

At this stage, the endogenous domestic variables are stacked in a global vector of dimension kx1 (k =
Zij\il k;), denoted by x; = (14, X2ty ..., TNe)' -

The specific models for each country can be rewritten as function of z;. Using (17) and (18), we obtain

AWz = a0 + ant + BiWix; 1 + €44, (20)

where A;W; and B;; W, have dimension k;xk. Finally, the stacked equations can be written as a GVAR(1):

Gry =ag+ a1t + Hry 1 + €, (21)

where

10



aio a1 €1t AWy ByW;
a2 as1 €2¢ AWy By Wy
Ao = ) a1 = ) €t = ) G = H=
| ano | | ant | | ent | | AWy | | BNWh |

Assuming that G is not singular and has dimension kxk, the reduced form of (21) can be rewritten as:

xy = bo + b1t + Foy_q + vy, (22)

where F = G™'H, by = G~ lag, by = G 'a; and vy = G e,

After estimating the models for each country separately from (12), we can solve the global model in (22) to

obtain recursively the future values of all endogenous variables, (x;).

3.2 The GVAR and Gonzalo and Granger decomposition

For the remainder of the paper, we will rewrite the GVAR as the global vector error correction model (GVECM).
The two are equivalent, but using the GVECM helps us to deal with permanent and transitory decomposition.

Assume that the model given by (23) fits the data well, and that it is part of the GVECM. Then:

Aziy = @b Zu 1 +TiiDZi 1+ o+ Ti g 1AZi s o1 + ®iDy + To 1 ATy + Eiy, (23)

where ¢; are random errors, not time correlated, §2; is the respective covariance matrix for each country, and
!

P
Tigq o e I

/ —
vector Z, | = b1

=P 7 i i J
z¥, , | and Z;, ; is the average of variable 27 for country

s

1
Tit—1

i

Stacking the models, it is possible to obtain

AXt == AB/Zt,1 + f‘lAthl + ... + f‘kflAthl“Fl + i)Dt + f‘O,lAyt + éta

where

Xi=1Xx{, X, Xy_ie X!

11



—@1 0 0 0 ] _51 0 0 0 ]

0 ao 0 B2 0
A= , B =

0 0 ... an_i O 0 0 ... Byt O

0 0 ... 0 an 0 0 ... 0 By
Zy = WX,

We can now write the Global VECM as:

AX; = ABWX, 1+ T1AZy 1+ . + T4 1 AZ g1 + ODy + T 1 AX, + & (25)

Defining I' ; WAX; = fo,lAYt, and after some algebra, we obtain equation (26):

[I-T5 ,WIAX, = ABWX; 1 +T1AZ; 1 + ... + T4 1AZy_jiq + ODy + &, (26)

Now, assume that we can calculate the inverse of matrix [/ — I'; ;W] and defining A* = [I — 'y ;W] ' A.
Then, the global model can be solved, yielding the solution to the global VECM, as shown in (27):

AX, = A'BWX, 1 +TiAZ+ ... +1;_ | AZy i1 +P*D, + &7 (27)

The transitory component is given by (28):

TEVAR — A*(BWA*) 'B'WX, — E(A*(BWA*)"'B'WX,) (28)

The permanent component is defined as the difference between the actual values of the series and the
transitory component given in (28). The matrix given by (29) contains the weights that each cointegrated
relationship will contribute to the transitory component:

LECVAR  — A (B'WA")~L. (29)

The exchange rate misalignment can be calculated for country i by picking the country’s real exchange rate

in vector Xj:

12



misy =10 .. 0,1 1 0 .. 0]TFVAR (30)

In the following section, both estimate from equations (11) and (30) are computed and compared.

3.3 Decomposing the exchange rate misalignment

Assume that after cointegration tests for a particular country j, the number of cointegration vectors is 3. The

vectors will have the structure given by (31).

ECM, 4 1 % % * * x * x (]
ECMsy,| = BWXt = 1% 1 % % % x % % co WXy (31)
ECMs; * x 1 x *x % x * c3

where * denotes a unrestricted parameter of cointegrated space and, c;, the parameters associated with a
restricted constant. ¢ If no further restriction is imposed it is not possible to identify the cointegrated space.

Let’s also assume that the analysis from a traditional CVAR with no external variables shows evidence of
two cointegrated relationships. Since there is no external variable in the analysis, the cointegration must be
between domestic variables. This information has an implication for the GVAR analysis. The previous evidence
of cointegration suggests identifying restrictions on the cointegration space of the country j in the GVAR. The

cointegrated space must be like the ones of equation (32)

ECM; 4 1 = = x 00 0 0 ¢
ECMsy, | = BWXt =l%x 1 %« = 0 0 0 0 c| WX; (32)
ECMs; x % 1 % x % * * c3

This restriction must be satisfied and can be easily tested from a likelihood ratio test developed by Johansen
and Juselius (1990).

Although restrictions suggested by (32) clearly separate cointegrated space into parts, they do not guaranty
full identification. Further restrictions should be imposed on the vectors. This is the moment where economic
restrictions can have an important role. Equations (2) and (4) implies in over-identifying restrictions on the

cointegrated space given by (33).

6The first four parameters in each vector are related to domestic variables in our model (Real Exchange Rate, Net Foreign
Assets, Trade Balance and Relative GDP Growth, respectively), while fifth to eighth parameters refers to the equivalent external
variables.

13



ECM;, 10+ %0000 ¢
ECMy,| =BWX;=10 1 « 0 0 0 0 0 0|WX, (33)
ECMs; * % 1 % % x x x c3

Note that the first cointegrated relationship is exactly identified, the second one is over identified but the third
one is not identified. The third relationship can be identified by imposing zero restriction on some coefficients.
One possibility is to test whether the third vector is a relationship between domestic fundamentals and external

fundamentals. This restriction is shown in (26):

ECM,,, 10 %« %000 0 e
ECMy,| =BWX; =10 1 + 0 0 0 00 0|WX, (34)
ECMs; 0 « 1 *x 0 * * x c3

It is also possible to test further economic meaningful restrictions on the cointegrated space. Particularly,
some coefficients may have a specific magnitude. It is also possible to test hypothesis on loading matrix as well.

Equation (28) shows that not only cointegrated vectors estimated from country i model matters for mis-
alignment. After solving GVAR for all countries, an additional term related to error correction mechanism
from other equations may explain short run movements of real effective exchange rate and then are part of
misalignment.

From equation (28), and imposing restrictions similar as in 34, it is possible to decompose misalignment into

two pieces:

mZ’SintVAR _ TtDOM + TtDOMfEXT (35)

The term T”°M is related to the error correction mechanism associated with domestic variable that can be
estimated from the traditional methodology, i.e., the first two vectors in 34. The second term TtD OM-EXT jq
related to possible new cointegrated relationships that are discovered linking domestic and external variables
(the third vector in 34), plus factors not directly linked to long run dynamics of country i fundamentals, i.e.,
cointegrated relationships from another countries. One can label this term as global factor and is the contribution

of GVAR to exchange rate misalignment assessment.

Define the vector hs as a subset of 29, containing only the weights of each cointegrated relationships associ-

ated to domestic variables of a specific country on misalignment,ﬁggff: as the values of the parameters of tran-
. . . . ’ . . "/ > . 7 M

sitory components associated these relationships, and fo = 8,534 ;. By calculating mis&) M pish FOM
it is possible to obtain, similar to the Blinder-Oaxaca decomposition (Blinder (1973); Oaxaca (1973)), a decom-

position of the factor that explains the changes from one methodology to the other:

14



misGY AR — misVFOM = (hy — hn)(f1) + ha(fa — f1) + TPOM-EXT (36)

Note that the term (fy — f1) converges to zero if f; , the cointegrated relationships that contains only
domestic fundamentals, are properly identified. The term (ho — hq)(f1) show how exchange rate misalignment
estimate has changed due to the changes in the weights given by error correction of domestic variables. The
weights conditional on a wider information set may differ from the weights based on narrow information set.

If identification strategy suggested in this section is successful, then it is possible to decompose the mis-
alignment differences from equation (36) and understand the differences between GVAR and VECM models.
Unfortunately, an exercise like this is rare in literature that addresses exchange rate misalignment. Different
results from different methodologies only contribute to skepticism on exchange misalignment assessment, if an

effort to rigourously explain the reasons why differents methodologies differs.

4 Results

4.1 Data

The database of this study is annual and covers 30 countries and the period from 1970 to 2013. The variables
included in the model are real exchange rate, net foreign assets as a share of GDP, trade balance as a share of
GDP and per capita GDP growth relative to trading partners. The foreign trade data were collected from the
IMF Direction of Trade Statistics (DOTS-IMF). These weights are used to calculate the external variables in the
GVAR model. The real effective exchange rate was collected from the IMF’s International Financial Statistics
(IFS-IMF) and the Bank for International Settlements (BIS). The values of net foreign assets were from Lane
and Milesi-Ferretti (2007) and the IFS-IMF. Trade balance and per capita GDP growth are obtained in World
Bank website. Finally, we opt to work with end-of-period figures to avoid problems caused by data aggregation.
In certain contexts, the temporal aggregation can cause significant distortions Taylor (2001); Ghysels and Miller

(2015).

4.2 Model selection procedure

We opt to work with four endogenous variables in the GVAR framework and two lags to avoid bias due to omitted
variables. However, the full estimation of the system (with the external variables) should easily consume the
degrees of freedom. To prevent this fact, in a first step, initially we assume the relative per capita GDP growth
as weakly exogenous, reducing the system to three equations, and perform a model selection procedure called

Autometrics” to select the number of lags (one or two) and the weakly exogenous variables added in the model.

"In a recent paper, Ericsson and Reisman (2012) proposes a refinement of the GVAR approach using a model selection procedure
called Autometrics. It is a algorithm that uses a general to specific approach to select relevant variables to explain a phenomenon.
More details can be found in Hendry and Doornik (2014).

15



If the selected system of equations fails in any of diagnostic tests ® considering at a significance level of 1%, we
perform one more time the model selection procedure by adding impulse and level dummies to better control
for possible structural change and outliers. In a second step, cointegration tests (with and without restricting
the constant in the cointegration vectors) are performed and the trace statistics are compared with the critical
values proposed by Pesaran et al. (2000). Given the number of cointegrated vectors, a final model selection
procedure is performed to estimate the CVAR. Finally, if cointegrated relationships are jointly tested in the
relative per capita GDP growth equation (marginal model), to check whether weak exogeneity hypothesis is
valid or not. If the tests rejects the null, the estimation must be done from the joint model and not from the
conditional one. In this case all the process is repeated from the first step but considering the relative per capita

GDP growth as an endogenous variable.?

4.3 Is there evidence of global effects and long-run relationships?

This section attempts to answer the question of whether the inclusion of external variables in model selection
add relevant information in the system. Table 1 shows the number of cointegrated vectors for each country
and the global variables that are selected in the system. Three countries (Canada, Ireland and Italy) do not
have any cointegrated vector and only Greece do not include external variables in the system. The last column
of Table 1 shows the LR test ' to check if the constant term is restricted to the cointegration space, which
is a necessary assumption to identify absolute levels of misalignments. The null hypothesis is rejected at 1%

significance level only for Spain.

4.4 Calculating exchange rate misalignment using the GVECM

This section describes the results of the GVECM estimation. Table 2 and 3, in appendix, shows, respectively,
the estimated cointegrated vectors for each country, and the estimated loading factor matrix, given by (29).
For United States and Brazil, restrictions such as in 34 are imposed, such as restrictions on « matrix, then we
can decompose their misalignments.

Figure 1 shows the decomposition of misalignment for United States, as well as the overall misalignment,
which ranges from +10% (appreciated), in 1970, to -12%, in 2004. Most part of it is due to GVAR component,
which is heavily impacted by the disequilibrium between domestic and external variables, besides chinese,
german, and japanese disequilibrium.

Figure 2 compares the misalignment calculated by traditional methodologies, such as VECM and OLS'2.
The GVAR and VECM estimates tends to be closer, except in the first half of 2000 decade, when the GVAR

methodology would say that the USA real exchange rate was depreciated, instead of appreciated by traditional

8 Autocorrelation, normality and heteroscedasticity of residuals and Chow test for structural break.
9See Johansen (1992) for further details.
10 See Johansen and Juselius (1990).

' The value in row i and column j of the loading factor matrix represents the weight of the error correction mechanism j that
will be used to calculate the misalignment for country i.
12The specification of these models are the same as in the GVAR model.
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Table 1: Summary of the cointegrating space of GVAR

Country External Variables Selected  Long-Run Relationships LR Test
Australia WRER, WNFA, WBS 2 1.27
Austria WRER, WNFA, WTB 3 -

Belgium WRER 1 0.59
Brazil WRER, WNFA, WTB, WBS 3 -
Canada WNFA, WTB 0 1.79
China WRER, WBS 2 0.05
Colombia WRER, WNFA 2 0.02
Denmark WNFA 1 3.70
Finland WNFA, WTB 3 -
France WRER, WTB 1 1.76
Germany WTB, WBS 2 0.17
Greece - 1 2.60
India WRER, WNFA 2 1.02
Indonesia WNFA, WTB 3 -
Ireland WRER, WBS 0 3.55
Italy WTB, WBS 0 4.54
Japan WRER, WBS 2 4.20%*
Korea WRER, WTB 2 1.59
Mexico WRER, WTB 1 1.01
Netherlands WRER, WNFA, WTB 2 0.02
New Zealand WNFA, WTB, WBS 2 0.16
Portugal WTB 1 4.92
Singapore WBS 1 1.86
Spain WTB 1 9.41%*
Sweden WRER, WTB 2 0.79
Switzerland WTB 2 0.06
Turkey WRER, WNFA, WTB 1 0.96
United Kingdom WRER, WNFA, WTB, WBS 3 -
United States WRER, WNFA, WTB 2 0.01
Uruguay WBS 2 0.02

*and ** refers to rejection at 5% and 1% significance levels, respectively.
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methodologies. Figure 3 decomposes this difference, as in 36. The information added by GVAR and the changes

in the weights of domestic long-run relationships, (he — h1), explains virtually all the difference.
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Figure 2: Real exchange rate misalignment estimate - United States - GVAR x VECM

The Brazilian case is also interesting. From Figure 4, we can notice that the misalignment is more volatile,
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Figure 3: Decomposition of the difference between GVAR and VECM estimates - United States

as expected for an emerging market. During the 70’s and 90’s the internal fundamentals of Brazil would
say that their currency was depreciated. However, the new information added by GVAR tends to smooth
this disequilibrium. The same occurs in 2008, when the financial crisis forced the Brazilian currency, real, to
depreciate, but the information added by GVAR more than compensates this movement, resulting in a strong
appreciation. In 1994, the launch of the Brazilian new currency, real, jointly with a fixed exchange rate parity
with dollar, led to a strong and unsustainable appreciation, which forced the adoption of the floating exchange
rate regime in 1999 and subsequent depreciation. The commodities boom pushed the real exchange rate above
the fundamentals, and from 2005 to 2013, the appreciation floats near 25% (excluding 2008). The differences
between the GVAR and traditional methodologies are more evident, as can be seen in Figure 5. In the mid-80s,

the GVAR...
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Figure 5: Real exchange rate misalignment estimate - Brazil - GVAR x VECM
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Figure 6: Decomposition of the difference between GVAR and VECM estimates - Brazil

5 Discussion, limitations and possible extensions

The previous discussion on the merits and limitations of the time series and panel approaches is addressed in
this section, as well as whether the GVAR model can be a bridge linking both approaches. The time series
approaches allow little room to introduce fundamentals because of the sample size available in macroeconomic
data sets. The panel approach allows a more flexible structure and the inclusion of a larger group of fundamentals
in the analysis. However, this approach must limit heterogeneity to a manageable level. It is not clear to what
extent this can lead to distortions, since the main goal is to make assertions on specific units, not to assess the
relevance of a group of variables in explaining real exchange rate movements and their average effect. A GVAR
model can reconcile the merits of the two approaches, allowing us to map directly the effect of trading partner
shocks on a country.

In the same way, it is possible to adapt the decomposition of Gonzalo and Granger (1995) to the GVAR
environment. The development of a model for the euro zone is a natural extension of our work. A regional
factor can be easily added to the GVAR to map directly the interdependence between countries in the region.
To the best of our knowledge, this has not been done before. Although we did not do so, our GVAR model was

able to capture a strong interdependence effect among euro zone countries.
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6 Final remarks

In this study, we estimated a global VAR to investigate the interdependence hypothesis among countries in terms
of their real effective exchange rates and fundamentals. We were able to find evidence in favor of interdependence
in both the short and long run for some countries.

We also discussed the impact that the GVAR may have on exchange rate misalignment estimates. Here,
we adapted the Gonzalo and Granger (1995) decomposition to a GVAR, framework and conducted an empirical
exercise to try to explain the relevance of global effects to exchange rate misalignment estimates.

Finally, possible extensions to our approach include improving on country-specific models by using recent
advances in time series model selection to investigate the role of a broader set of domestic variables. We can
access not only the statistical significance of external factors but their relative importance in relation to domestic

factors.
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