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Abstract

This study revisits the relation between the uncovered interest parity (UIP), the ez ante purchasing
power parity (EXPPP) and the real interest parity (RIP) using a VAR approach for the US dollar,
the British sterling and the Japanese yen interest rates, exchange rates and changes in prices. The
original contribution is on developing some joint coefficient-based tests for the three parities conditions
at a long horizon. Particularly, test results are derived by rewriting the UIP, the EXPPP and the
RIP as a set of cross-equation restrictions in the VAR (see also Campbell and Shiller, 1987; Bekaert
and Hodrick, 2001; and Bekaert et al., 2007; King and Kurmann, 2002). Consistent with the idea of
some form of proportionality among the above three parities, we find a ”forward premium” bias in
both the UIP - as it is normally found in empirical analysis (e.g. Fama, 1987) - and the ez ante PPP.
The latter result is new in the literature and stems from testing the PPP in expectational terms, thus
assuming agents to bear on the uncertainty of future exchange rate changes and inflation dynamics.
The overall results confirm the UIP to be currency-based (see also Bekaert et al., 2007) and the EXPPP
to be horizon-dependent (see also Lothian and Taylor, 1996; Taylor, 2002). Moreover, we find (weak)
evidence that conditioning the VAR on variables having a strong forward-looking component (i.e.

share prices) helps recover a unitary coefficient in the UIP equation.
JEL Classifications: E31, E43, E44, F31, C58.

Keywords: ex ante PPP, UIP, RIP, international parity conditions.
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Non-Technical Summary

The interest for the uncovered interest parity (UIP) and the purchasing power parity (PPP) represents
a key element in the analysis of the economic and financial arbitrage conditions on international
markets. Despite the empirical support in favour of the two parities is generally mixed, recent analysis
(Juselius, 1991; 1992; 1995; Johansen and Juselius, 1992; Pesaran et al., 2000; Cheng, 1999; Throop,
1993; Zhou and Mahadavi, 1996; Hunter, 1991; Macchiarelli, 2011) have found evidence in favour of
a PPP-UIP joint relation, in line with a goods vs. capital general equilibrium framework.

Following the same root, in this paper we jointly test the uncovered interest parity and the purchasing
power parity, by introducing a third parity condition: the real interest parity (RIP). Here, the PPP
is taken in ez ante terms (EXPPP) in order to test it over the same horizon as the UIP.

With respect to previous approaches, inter alia Pesaran et al. (2000), Juselius and MacDonald
(2004), Macchiarelli (2011), in this paper the originality of the contribution can be gouged under two
perspectives: first, a present value model (see also Campbell and Shiller, 1987; Bekaert and Hodrick,
2001; and Bekaert et al., 2007; King and Kurmann, 2002) is employed in order to test the three
parity conditions (UIP, EXPPP and RIP); secondly, the latter framework is augmented in order to
account for macroeconomic and financial information, considered relevant for the formation of agents’
expectations.

Focusing on UK and Japan vs. US data, our results support the idea of the UIP to be currency-
dependent (Bekaert et al., 2007) rather than horizon-based, whereas for the EXPPP the evidence goes
in the opposite direction (see also Lothian and Taylor, 1996; Taylor, 2002). Moreover, the findings
are consistent with the existence of some form of proportionality across the three parities; i.e. at the
horizon considered (10-year maturities) the EXPPP is always found to hold, whilst UIP deviations
are generally more likely for the UK vs. US data rather than for the Japan vs. US data, reconciling -
in the former case - with observed RIP failures. Finally, the results of augmenting the framework with
macroeconomic and financial variables invite further exploration, as the findings, albeit not supporting
standard theoretical predictions, do support the view that, for accurate verification, the modeling of
expectations is a central issue.

So formulated, the analysis in this article has two important implications. First, it shows that, at
the long horizon, RIP deviations mainly stem from UIP (and not EXPPP) deviations. Such a finding
has important implications for economists interested in international finance, and in particular, for
those involved in jointly testing the above parity conditions, as it reinforces the view that, not only,
proportionality do exist amongst the UIP, EXPPP and RIP, but also that nominal returns differentials

explain real returns differentials alone, given that expected inflation differentials hold in purchasing
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power parity. Secondly, for policy makers, it suggests that, as a way for pinning down UIP deviations,
it can be important to consider variables embedding a strong forward looking component as a proxy

for private sector expectations.

1 Introduction

The interest for the uncovered interest parity (UIP) and the purchasing power parity (PPP) repre-
sents a key element in the analysis of the economic and financial arbitrage conditions on international
markets.

According to the definition of PPP, the latter is defined as the exchange rate between two currencies
that would equate national and foreign prices when expressed in a common currency. For PPP to
hold, no arbitrage opportunities across market locations exist. A general result of the studies on
PPP is that this condition does not seem to hold during floating exchange rate periods but it has
performed better in other historical periods, as the prefloat international standard phase (Cheung
and Lai, 1993). During that time, the faith in PPP essentially derived from the prevailing theory
according to which price movements were dominated by monetary factors, given the constancy of the
nominal exchange rate. Indeed, under the hypothesis of long-run neutrality of money, the PPP was
not susceptible of measurement errors and /or goods markets inefficiencies (see Froot and Rogoff, 1994;
Sarno and Taylor, 2001). When the Bretton Woods period came to an end, the exceptional volatility
of the floating exchange period could no longer be explained by standard theories, so that the collapse
of PPP started soon to be imputed to the low power of testing - with all evidence reporting against

1

the existence of PPP, at least at short horizons" - or to the existence of unidirectional goods markets

imperfections (i.e. price stickiness, role of tradables vs. non-tradables goods, non linearities).?

The empirical support in favour of the UIP is on the contrary very mixed (Bekaert et al., 2007; Mered-
ith and Chinn, 2004; Diez de los Rios and Santena, 2007; Evans, 1998). The UIP predicts high yield
currencies to be expected to depreciate in order to offset international capital arbitrage opportunities.
Tests results have mostly pointed out a rejection of the UIP over the recent floating period at both

high and low frequencies, as documented by the ”forward premium” puzzle (a negative regression

coefficient); with measurement errors (a stationary time-dependent risk premium) or violations of the

LOn the empirical ground, valid statistical results were achieved when the PPP started to be tested as a long run
condition. Contributions such as Edison (1987), Lothian and Taylor (1996) and Taylor (2002) found the PPP to hold in
the long run (for one century data or more) with an half-life of about 4 years for the major industrialized countries. Such
results were however not exempted from severe critiques, as long samples were found to be very inappropriate because
of differences in the RER behavior not only across different historical periods but mostly across different exchange rate
regimes (Taylor, Peel and Sarno, 2001). For a survey see Rogoff (1996); MacDonald (1991), (1993), (1998); Taylor
(2002).

2The relation between exchange rates and national price levels might be affected by non linearities (international
transaction costs) in the real exchange rate adjustments (Taylor et al., 2001; Cheung and Lai, 1993). Equivalently
sticky prices in local currency may lead to PPP deviations (Engle and Rogers, 1996).
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rational expectations assumption (see Section 2.2) being usually the explanation provided for such
findings.? If, on the one side, the evidence in favour of the UIP at long horizons is recognized in the
attempt of getting rid of short run exchange rate movements, on the other, the presence of specu-
lation would suggest evidence in favour of short-run UIP. In the short run, it is very likely shocks
and structural changes to drive exchange rates away from the long run equilibrium (Edison, 1987).
Hence, addressing the UIP as a long run relation implies market frictions - preventing a prompt and
full response of the exchange markets to interest rate changes - to completely die out. Instead, the
presence of speculative activities suggests it is the long run UIP - rather than its short-term version
- to be affected by market frictions, as it is very unlikely trading desks to keep capital in long-term
contracts (Chaboud and Wright, 2005; Bekaert et al., 2007, Burnside, 2011).

Across the PPP and the UIP puzzles, more recent empirical analysis (Juselius, 1991; 1992; 1995;
Johansen and Juselius, 1992; Pesaran et al., 2000; Cheng, 1999; Throop, 1993; Zhou and Mahadavi,
1996; Hunter, 1991; Macchiarelli, 2011) have found evidence in favour of a PPP-UIP joint relation,
emphasizing the role of government budget deficits in determining real exchange rate (RER) disequi-
lebria. Short-run deviations in the RER are expected to involve real factors acting through the current
account - as foreign net asset position or international imbalances - which would require a relative
supply of cash flows for the balance of payment to be equilibrated back (e.g Edison, 1987).

In order to test the PPP and the UIP jointly, we introduce a third parity condition: the real interest
parity (RIP) (Cumby and Obstfeld, 1980; Mishkin, 1982; Jore et al., 1993; Marston, 1997; Campbell
et al., 2007). Here, the PPP is taken in ex ante terms (EXPPP) in order to test it over the same
horizon as the UIP. Particularly, the relation between the above three parities (UIP, EXPPP and RIP)
is revisited by developing some joint coefficient tests obtained from a set of cross-equation restrictions
in a VAR framework (Campbell and Shiller, 1987; Bekaert and Hodrick, 2001; and Bekaert et al.,
2007; King and Kurmann, 2002). The analysis focuses on the US dollar, the British sterling and the
Japanese yen interest rates, exchange rates and changes in prices.

The results support the idea of the UIP to be currency-dependent (Bekaert et al., 2007), whereas
the EXPPP is found to be horizon-based (see also Lothian and Taylor, 1996; Taylor, 2002). The
findings are moreover consistent with the existence of some form of proportionality across the three
parities: at the horizon considered (10-year maturities) the EXPPP is always found to hold, whilst
UIP deviations are generally more likely for the UK vs. US data than for the Japan vs. US data,
reconciling - in the former case - with observed RIP failures. In light of the above, we also find the

existence of a ”forward premium” bias in both the UIP, as normally found in empirical studies, and

30ne of the most striking feature of the exchange rate behaviour in UIP testing is the presence of a ”forward
premium” puzzle, predicting high interest rate currencies to appreciate rather then depreciate, as the UIP would suggest.
The ”carry trade” consists in borrowing low-interest rate currencies and investing in high interest rate currencies, by
exploiting such an anomaly (see Diez de los Rios and Sentana, 2007; Burnside, 2011).
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the ex ante PPP; stemming the latter result from testing the purchasing power parity in expectational
terms.

Finally, the baseline framework is augmented with a set of macroeconomic and financial variables,
entering the VAR information set as exogenous. These latter results invite further exploration, as the
findings, albeit not supporting standard theoretical predictions, do support the view that, for accurate
verification, the modeling of expectations is a central issue.

So formulated, the analysis in this article has two important implications. First, it shows that, at
the long horizon, RIP deviations mainly stem from UIP (and not EXPPP) deviations. Such a finding
has important implications for economists interested in international finance, and in particular, for
those involved in jointly testing the above parity conditions, as it reinforces the view that, not only,
proportionality do exist amongst the UIP, EXPPP and RIP, but also that nominal returns differentials
explain real returns differentials alone, given that expected inflation differentials hold in purchasing
power parity. Secondly, for policy makers, it suggests that, as a way for pinning down UIP deviations,
it can be important to consider variables embedding a strong forward looking component as a proxy
for private sector expectations, while markets do not generally seem to react to variables such as
cross-countries differences in industrial production (i.e. understood as a broad measure for the output
gap) or differences in foreign reserve assets.

The reminder of the paper is organized as follows. Section 2 presents the theoretical model. Section

3 introduces the econometric methodology. Section 4 presents the main results. Section 4 concludes.

2 Uncovered Interest Parity and the Purchasing Power Parity

2.1 Uncovered Interest Parity

The uncovered interest parity (UIP) follows from the definition of the covered interest parity (CIP),
relying itself on the assumption of arbitrage between spot and forward foreign exchange markets.

Drawing on Fama (1984), a risk-free arbitrage condition exists if:
ft,t+l — 5t = it7l - i;w

where i, ; represents the yield of a bond with maturity / at time t in the home country, and f; ¢4 is the

forward value of the (log) home vs. foreign spot nominal exchange rate, s, expiring [-periods ahead.

4

The above expression is regardless of investors preferences (unbiasedness hypothesis).* Assuming

individuals to be risk-adverse makes the forward rate to differ from the expected future spot rate,

4For further details see Green (1992).
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Eysi1y, by a premium compensating for the risk of holding assets denominated in a foreign currency

(see also Fraga, 1985; Mark and Wu, 1998; Hai et al., 1997). Hence,

ft,t+l - Et8t+l = Ut+1,

where v 1y is an ex ante risk premium. Substituting f into the CIP gives the standard uncovered
interest parity condition,

. %
EiAsiy =iy — iy — Vit

suggesting that the excess of home interest rate over the foreign one (i*), compounded over [ periods,
is equal to the expected depreciation of the home currency over the same period, and allowing for a
risk premium. So defined, the risk premium can be positive or zero depending on whether investors
would require an ”excess return” to compensate for the risk of holding a particular currency.

For the forward premium to be a predictor of Fysiy;, the UIP can be tested at the [ — th period

horizon with the following regression obtained by iterative substitutions:
1< : : :
7 D Eilsiyy = o+ 8 (i — i) + €10, (1)
j=1

under the null that 3“7 = 1. In the regression, the time-varying premium (if any) enters the residual

uip . uip
term €, i.e. € = e(viyi).

2.2 Purchasing Power Parity

The purchasing power parity (PPP) is defined as the exchange rate between two currencies that
would equate national and foreign price levels when expressed in a common currency (Sarno and
Taylor, 2002). The starting point for considering such a parity is the law of one price (LOP), asserting

that for any good i:

pe(i) = pi (i) + st,

where p;(i) and p; (i) describe the (log) current price for the good 7 in the home and in the foreign
economy respectively, and s is the (log) home vs. foreign nominal exchange rate. The statement
underlying this law is nothing but a standard goods market arbitrage condition; net of tariffs, trans-

portation costs and trade barriers. If the LOP (at least theoretically) holds for every good i, the

5As a matter of fact this relation can, in principle, hold for highly traded goods, as gold for instance (e.g. Mussa,
1986; MacDonald and Taylor, 1992; Sarno and Taylor, 2002).
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same rule is expected to hold when relying on identical baskets of goods:

De = Pf + St

where p; and p; describe the (log) current price levels in both the foreign and the home country.
However, many empirical tests do not compare identical basket of goods, but use different countries

6

CPIs (consumer price indices) or WPIs (wholesale price indices).® Constant price differentials are

indeed obtained by using the so called relative consumption-based PPP (Froot and Rogoff, 1994):

Ap; = Ap; + Asy,

where A is the difference operator. This relation predicts the relative inflation rate across countries
to be necessarily compensated by changes in the nominal exchange rate.”

At this stage it should be noted that the PPP and the UIP are fundamentally different, being the
former backward looking and the latter forward looking (Mishkin, 1982). In order to bring the PPP
to the same horizon of the UIP (I periods), the former is reformulated in ex ante terms (EXPPP) (see

also Macchiarelli, 2011), as

EiAsi ) = EApir — EyApyyy + 041

The above formulation is also augmented with a term, o;,;, imposing a departure of the real exchange

rate (RER) from the PPP equilibrium.® Iterating forward:

! l
1 1 .
7D Eilspyy = of™ 4+ G0N 2D (Bl — BApy) | + e (2)
j=1 j=1
where the RER deviations term (o0;4,) is captured by the residual ;77" = €(0s4). As before, if

markets are efficients, equation (2) ensures commodity speculators to keep ezpected deviations from

PPP in line under 5°*?P? =1 (Roll, 1979).

6The PPP has indeed no reason to hold unless the two countries share identical consumption bundles. As underlined
by Froot and Rogoff (1994), it might be possible to construct international price indices for identical baskets of good,
though there have been ”very few attempts and the literature has developed in other directions”.

"The latter specification is more appropriate given price inflation statistical properties (see Johansen, 1991; Juselius,
1995).

8The term measures the real exchange rate (RER) observed deviations. The definition of the (log) real exchange
rate is rery = pr — py — st.
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2.3 Uncovered Interest Parity and the Ex Ante Purchasing Power Parity

The PPP and the UIP can be tested jointly by introducing a third parity condition, the real interest

parity (RIP). The RIP refers to the equality between home and the foreign real interest rates:

*
Tt+1 = Ty

where real rates are defined according to the Fisher’s (1907) parity condition, ri1; = i, — EtApi4.
So formulated, the RIP states that, in integrated financial markets, assets with identical liquidity and
risk should command the same expected return regardless of market location.

According to Marston (1997), the real interest parity holds as soon as capital and goods markets
are in equilibrium.? In other words, any couple in between the UIP, the EXPPP and the RIP should
"naturally” imply the third relation. Adding and subtracting the term E;As;; in the above expression
clarifies how the RIP becomes a relation conditional on the joint validity of the UIP and the EXPPP.

Re-arranging and adding deviation terms we get in fact :

*
Tepl — Ty T &1 =

= EAsiy — (BeApys — ByApy ) — 0pp1 — [ErAsiq — (ieg — 07 ) + vega].

As it is constructed, the RIP does not allow for frictions in the behaviour of both markets and investors.
Clearly, if an ”excess return” and a RER deviations term do exist, the RIP would necessarily allow
for an erratic component &.y;, which - by definition - should equal (—vi4; — 0¢41).

Iterating forward, the RIP can be tested with the following regression:

!
) . i rip | 1 X i
(iea —ity) = o + 67 7 (EiApiyy — EApr ;) | + 6 (3)
j=1
or
EXPPP
1< 1<
7 ZEtA3t+j — o PP — grEpep 7 Z (EApey; — EAp; ) | — e = (3)
j=1 j=1
UIP

l
N D uip (- - urp
=7 E EAsij—ao" =B, (Zt,l - Zt,l) — Gt
Jj=1

where, efficient markets simply imply the joint UIP-EXPPP restriction that 7% = 1. The above

formulation implies proportionality of the type A7 = ﬁgip:p among the tested coefficients, which

9See also MacDonald and Nagayasu (1999).
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follows from the equality between equations (3) and (3’).

3 Econometric Methodology

3.1 Deriving Restrictions on the VAR

An obvious problem in testing the above parity conditions is the absence of observations on market
expectations of future exchange rate and inflation movements. Substituting expected values with the
actual ones (see Figure 1) does not seem a convenient solution, as we introduce further uncertainty
given ex post exchange rate and/or inflation forecast errors (see Marston, 1997).

In order to estimate equations (1), (2) and (3), we consider a 3-dimensional stationary VAR:

yr = [Asy, (it,120 — i7,120), (Ape — Apy)].

In the VAR i and i} are 10 years constant maturity Treasury bond rates in the home and foreign
economy respectively, s; is the home vs. foreign spot nominal exchange rate (monthly average, de-
nominated in US dollars) and Ap; and Ap} are the cpi-inflation levels in both the home and foreign
economy. Further in the paper we consider some exogenous macroeconomic and financial variables as
industrial production, monetary aggregates (M3), reserve assets and share prices. All data are season-
ally adjusted, when needed, and taken in monthly frequencies from the OECD.stat database. Price
indices (cpi-based), exchange rates and exogenous macroeconomic/financial variables are transformed
in logarithmic month-on-month changes. The only variables which are not transformed are interest
rates. In this paper the US are regarded as foreign economy with all the variables expressed with
a star superscript. In the present setting we consider dollar-based bilateral parities for the British
sterling and the Japanese yen. The sample covers the period from 1975-1 to 2008-6. The series for
the long term interest rate for Japan starts in 1989-1.

Table 1 reports some descriptive statistics for the variables. Over the whole sample, changes in the
appreciation rate are found to be highly volatile but very little autocorrelated. Instead, interest rate
and inflation spreads display stronger ACF up to the 4-th order. Spreads are very persistent but they
do not display a near-I(1) problem as they are not as autocorrelated as i and Ap themselves (see
Bekaert et al., 2007). For sake of completeness, in the last three columns of Table 1 some descriptive
statistics for RIP, PPP and UIP deviations are also reported. Those represent changes in the log
real exchange rate, the real interest rate differential and the UIP premium, obtained as the difference
between the exchange rate changes and the interest rate spread, the exchange rate changes and the

inflation spread, and the interest rate spread and the inflation spread, respectively. The results point
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out that such deviations are negative in the case of the UIP and the PPP, while positive for the
RIP. Nonetheless deviations are derived under the assumption of a one-to-one adjustment between,
e.g., exchange rate changes and the interest rate spread, thus leading to deviation terms which are
generally lower than the one obtained with standard regression results. In addition, the presence of
expectational errors may clearly inflate second moments.

Following a standard approach, we begin by determining the VAR order K by means of the stan-
dard information criteria and select the number of lags for which at least two criteria are congruous.
Namely K = 3 for the UK vs. US system and K = 1 for the Japan vs. US system (Table 3). Us-
ing a VAR framework inevitably introduces estimation error, possibly worsened by the overlapping
observation problem which induces moving average errors. When estimating the VAR, we use het-
eroskedasticity consistent standard errors and also correct for MA terms up to the [ — 1 order, using

a Newey-West window as in Chinn and Meredith (2004; 2005).1°

For each system we then reformulate y; in the standard companion form, defining z; = (Yts Yt—1y s Yt+1—K )-

Disregarding any constant term, the following compact form applies:
2zt = Azi—1 + e,

where the parameters matrix A is a (3K x 3K) dimensional matrix with k (for & = 1,2,...,K)
VAR matrices stacked horizontally in the first 3 rows, a 3(K — 1) identity matrix underneath these
parameters on the left hand corner, and zero elsewhere. The innovation vector e; is assumed to have
variance equal to X.

In this framework, testing for the parities outlined in Section 2 imposes different restrictions on the
companion parameters in A. This methodology allows for multi-horizon tests, as expectations are
accounted as forecasts formed from a function of past observations, i.e. E(z4;|2;) = A%z, consistent
with the idea of present value models (see Campbell and Shiller, 1987; King and Kurmann, 2002).!!
By letting e, to be an indicator column vector that selects the n-th variable in the companion VAR,
testing for (1),(2) and (3) results into a set of n = 3K non-linear cross equation restrictions on the 3n
coefficients of A. Using straightforward algebra, the UIP implies (see also Bekaert and Hodrick, 2001;
Bekaert et al., 2007):

l

1 ’ . ’

7 E ens Az = (€i—ix) 2, (4)
j=1

10We avoid using the Hansen-Hodrick (1980) estimator as this has the tendency to produce non-positive-definite
variance-covariance matrices.

1 The assumption such that E(z¢4;|z:) = AJz; exploits the law of iterated expectations. For a proof see King and
Kurmann (2002).
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which, using geometric series results, for the 120-months horizon is:'?

1
—e
120

’

2sC = (eimir) (5)

with C' = A(I — A120)(I — A)~!. Using a present value model assumes that the interest rate spread is
a linear function of the present discounted value of expected future exchange rate changes, where the
discount factor equals A. In this way, expectations of future exchange rate changes are conditional
on the full public information set, I;, which includes As and i — i* themselves and generally exceeds
the information set available to the econometrician, J; (see Campbell and Shiller, 1987). The usual
problem of deriving restrictions in a VAR framework, thus assuming that agents use the same infor-
mation set as the VAR, does not apply here. In fact, for the motivations outlined above, also a simple
threevariate VAR can well capture the dynamics of interest (ibid.).!3

Under the same reasoning, the EXPPP imposes the restrictions:

]. / ]_ ’
1206asY = ﬁo(eAppr*) C, (6)
and so too does the real interest parity:
/ 1 ,
(iiv) = 155 (cap-ap-) C. (7)

3.2 Implied VAR Statistics

The set of restrictions (5)-(7) allows the estimation of the slope coefficients implied from the VAR that
are analogous to the one reported in Section 2. In our 3-dimensional VAR, the implied 120-months

regression slope for the UIP is

1 7
; ko cv G—g*
uip 120 eAs (6 ) (8)

120 — (61'—1'*)/\:[!(61'—2'*) ’

where W is the unconditional variance of z;, computed as vec(¥) = (I — A ® A) tvec(X). The
numerator in equation (8) is the covariance between the expected future rate of appreciation and the

interest rate differential, whereas the denominator represents the variance of the interest rate spread.

Analogously, for the EXPPP the implied slope coefficients for the 120-month horizon is:'*

1 1
cxppp _ 120%4sCYC 155 (eap—ap+) )
)
125 (€ap-ap+) CUC" 135 (eap—ap+)

2Tn order for the matrix (I-A) to be invertible its corresponding eigenvalues must lay inside the unit circle. This is
clearly the case as the VAR is stationary.

131n the next Session we nonetheless assess the validity of our findings by conditioning the VAR on a set of exogenous
macroeconomic and financial variables.

MThese coefficient are comparable to direct OLS coefficients when I = 1 or C' = A (e.g., Bekaert and Hodrick, 2001).
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and similarly for the RIP:

rip (ei—i*)lwclﬁ(eAP—AP*)
120 — .
ﬁ (eap—ap* )/C‘I’Clﬁ (eap-ap+)

(10)

To further characterize UIP-EXPPP-RIP deviations we compute three distinct statistics for each con-
dition, following Bekaert et al. (2007). The tests are performed following the same set of restrictions
as in equations (5)-(7), with C' and ¥ fully capturing exchange rates changes, interest rates and infla-
tion spread dynamics in the VAR.

Under the UIP, the expected exchange rate change should be perfectly correlated with the interest
rate differential, and they are expected to display equal variability. Hence, a correlation (CORR) and

variance ratio (VR) statistics are computed for the UIP as

l
CORR"™ = corr 7Et E A$t+j, L0 — Zt,l 3

j=1

and

l
; 1
V R™P = par 7Et Z A8t+j /UCLT (it,l - i;«k,l) .
j=1

The standard deviation (SD) of the residual from the UIP equation is also measured as
. \11/2
SDvP = [var (e?ﬁ)} ,

where the residual is derived from the UIP under the null, i.e. e;‘fr}; = % (Et Zi.:l Astﬂ) — (i — zfl)
In a similar fashion, correlation, variance ratio and standard deviation statistics are computed for the

EXPPP and the RIP conditions.

3.3 Montecarlo Analysis

It is well known that standard tests based on lagged dependent variables may lead to over-rejections
in small samples. Such a poor sample property arise in the context of the estimation of AR processes,
particularly as serial correlation induces non-strict exogeneity in the regressors (Mariott and Pope,
1954; Kendall, 1954).1> This might turn to be a crucial point when discriminating across round prox-

imate test results.

15Being the regressors lagged dependent variables, parameter estimates suffer from small sample bias, although they
are consistent.
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In order to bias-correct VAR coefficients,'® we bootstrap the original VAR-residuals in a i.i.d. fash-
ion, so to generate 50.000 data sets. In order to diminish the effect of starting values, the temporal
bootstrap dimension has been augmented by 1.000 observations, yielding therefore a time series di-
mension which equals the original number of entries shifted up by 1000 data points. Those initial
conditions are then discarded when the estimation is performed. For each of the 50.000 samples we
recalculate the VAR parameters. The bias is estimated as the difference between the original VAR
parameters and the mean of the new estimates, based on the Montecarlo replications. Bias correction
is performed by adding back the biases to the original VAR estimates. This set of bias-corrected
parameters is then used to construct the point estimates for the betas and the statistics described in
Section 3.2, representing the alternative of violation of the parity conditions hypotheses. Importantly,
bias correction and the computation of the VAR implied coefficients and statistics are performed at
two different stages; i.e. bias correction and the computation of the betas as non-linear functions of
the VAR coefficients do not interfere with each others.

In order to obtain the empirical distribution of the aforementioned VAR coefficients and statistics,
the Montecarlo procedure is repeated so to simulate again 50.000 data samples from the original VAR
residuals. At each bootstrap draw, bias correction is implemented on the parameters of interest (where
biases are taken from the previous step), and new implied VAR coefficients and statistics are obtained.
Relevant quantiles at the 2.5% and 97.2% are then computed from the empirical distribution obtained
as described above. Coefficients and statistics point estimates are reported in Table 4, together with

their empirical moments.

4 Results from the VAR

In Table 4 we focus on the second row results, reporting bias-corrected estimates.!” In all cases, point
estimates for the UIP are broadly consistent with the ones found in Bekaert et al. (2007), although
our findings report evidence at a longer horizon (120-month). Based on the estimates for the betas
in both the UIP and the EXPPP case, the expected changes in the nominal exchange rate are found
to be negatively correlated with the interest rate spread and with the expected inflation differential
respectively.'® If this is not surprising in the context of the UIP - given the existence of the well

documented ”forward premium” puzzle - it is surprising under the EXPPP hypothesis. Nonetheless,

16Bias correction can increase mean square error in the case of a purely non-stationary VAR (see Abadir at al., 1999)
which is not the case here.

"The coefficients for the UIP and the RIP are found to be downward biased (for further discussion see Bekaert and
Hodrick, 1993; Bekaert et al., 2007), whilst the bias on the PPP coefficient depends on the system considered (upwardly
biased in the UK - US system and downwardly biased in the Japan - US system).

18Consistent with Bekeart et al. (2007), we find that Meredith and Ching’s (2004) finding of UTP better holding at
longer horizons - with slope coefficients significantly close to unity - is simply a matter of sample selection.
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it can be argued that the goods market condition is an expectational version of the standard PPP.

Hence, a negative sign may not be wrong, albeit it is not obvious. Also in light of the estimated signs,

ﬁelPPP

the beta coefficients are consistent with the existence of proportionality of the type 87% = e

among the three conditions (see Section 2).

The dimension of the correlation coefficients gives further insight on the validity of the UIP, the
EXPPP and the RIP hypotheses. As the statistics inherits its sign from the implied slope coefficient,
in both the UK vs. US and the Japan vs. US systems correlation among the numerator and the
denominator in equations (8), UIP, and (9), EXPPP, is negative, while it is positive in the RIP,
equation (10). Interestingly, the correlation statistics is broadly the same among the three parities
(about 0.9 in absolute value). For the Japan vs. US system this is consistent with the idea that, for
the RIP to hold, the UIP and the EXPPP correlation statistics should be sensitively close to 1 (on the
purchasing power parity see also Gokey, 1994). Alternatively, for the UK. vs. US system, one might
think at more substantial deviations to occur in the UIP case rather than in the EXPPP case.!®

In both systems, the VR for the UIP is below unity, pointing to the absence of a constant volatility
ratio among the expected exchange rate changes and the interest rate differential. Such finding also
suggests that the variance of the interest rate spread is generally higher than the variance of the
expected nominal exchange rate changes. Alternatively, for the EXPPP and the RIP we find the ratio
to be higher than one, suggesting a steadier behaviour of the expected inflation differential compared
to the expected exchange rate changes and the interest rate spread; thus overall confirming goods
prices to be less volatile than interest rates.

The standard deviation of the errors (SD), capturing the variability of the residuals / deviation terms
in each equation (see Section 2.1), is in all cases close (or higher) than unity, being consistent with a
time-varying risk premium explanation which is, on average higher, for the UIP hypothesis. In this
respect, higher deviations in the case of the UIP, compared to the EXPPP, corroborate the idea that
UIP departures are generally more likely at a longer horizon (Chaboud and Wright, 2005; Bekaert et
al., 2007).

The remainder of Table 4 reports some information based on the empirical distribution of the implied
coefficients and statistics. Together with the standard four moments (mean, variance, skewness and
kurtosis), Table 4 reports the fractiles at the 2.5% and 97.5%. A normality Jarque-Brera test is also
reported at the bottom of the Table.

Based on the empirical distribution, all slope coefficients fall in between the 2.5% and 97.5% fractiles.

For the UK vs. US system, we reject the null of beta equal to one for the UIP with p-value (0.001).2°

191n fact CORR is high but, as explained later, the UIP and the RIP still do not hold at 1%, possibly reconciling
with a risk premium explanation.
20In light of the distribution for beta UIP, a two sided test is used here.

ECB

Working Paper Series No 1404
December 2011




ECB

This is in line with the findings in Bekaert et al. (2007) against the uncovered interest parity using the
USD vs. British sterling data at different horizons (3 and 60 months respectively; see also Macchiarelli,
2011). The probability of having a unitary coefficient in the EXPPP is not-rejected instead with p-
value (0.570). For the RIP, the test moreover confirms the rejection of 7% = 1 with p-value (0.000).2*
For the Japan - US system the results report a decisive non-rejection of the three parities at the horizon
considered.

Overall, the findings support the idea of the UIP to be currency-dependent (Bekaert et al., 2007)
rather than horizon-based, whereas for the PPP the evidence goes in the opposite direction (Lothian
and Taylor, 1996; Taylor, 2002). The failure of the RIP in the UK vs. US system but not in the Japan
vs. US system is moreover consistent with the assumption that any couple of parity among the UIP,
the EXPPP and the RIP should ”"naturally” imply the third relation (see also Marston, 1997). For the
EXPPP and the RIP, the estimated confidence intervals (2.5% and 97.5% fractiles) are nonetheless

quite large - as price inflation is projected in the VAR - increasing the likelihood of type I error.

4.1 Augmenting the VAR

Since the UIP and the EXPPP coefficients estimates are non-positive (Table 4), in this Section we
assess the role of expectations mispecifications by augmenting the information set to include macroeco-
nomic and financial variables, some expected to feature forward looking properties. Such an extension
also assesses the robustness of our findings. We condition the VAR on a set of exogenous regres-
sors (h¢), including: (i) industrial production growth differentials, i.e. Ay, — Ay;; (i) broad money
aggregates growth differentials (M3), i.e. Am; — Amj; (iii) reserve assets growth differentials, i.e.
Ara; — Araf; and (iv) share price return differentials, i.e. Asp, — Aspf. In all cases, differentials
are considered as ”domestic vs. US” spreads. For each currency pair, the VAR is conditional on one
exogenous regressor at a time, where, for sake of simplicity, regressors are let to affect the VAR only
contemporaneously.

The inclusion of variables besides the one predicted by standard economic theories is in line with the
literature describing the evolution of exchange rates as a function of macroeconomic fundamentals
other than prices (PPP) and interest rates (UIP). In this setting, exogenous regressors are primarily
aimed at capturing variables signaling cross-country macroeconomic developments and international
imbalances agents may use when formulating their expectations. For instance, the industrial produc-
tion growth differential can be seen as a broad measure for the output gap, whereas share prices may
proxy agents’ perceptions about future cyclical economic developments.

In order to solve the VAR forward, we write the VAR augmented with exogenous regressors (VAR-

21 A one-sided test is considered here, as the distribution is strongly skewed.
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X) in companion form and partition exogenous regressors as z; = Az;_1 + Bhy + e;. As before, A
is 3K-dimensional companion matrix, while B is a 3K vector which is non-zero only in the first 3
rows. Taking expectations over F (ztﬂ' - B Zé;é Aqht+j,q|zt) = AJz allows the usual formulation
to apply (Section 3.3). The results are reported in Table 5 to Table 8, whereas the histograms of the
newly simulated beta coefficients are reported in Figure 3 to 6.

Once again, the focus is on bias-corrected results. As rejection of the UIP and the RIP hypothesis is
found only for the UK - US system, in what follows we mainly focus on the results for this latter pair
of countries. Overall, however, the results are not sensitively affected by the inclusion of exogenous
regressors, as a "forward premium” bias persists in all cases. In particular, considering productivity
growth differentials and foreign reserve assets for the UK vs. US, the p-value for non-rejections of the
null 3%? =1 and "% = 1 (in absolute value) does not increase above 1% (see Table 5 and 7). Broad
money (M3) growth differential helps instead reduce the coefficient bias in the RIP equation for the
UK - US system (skewness is reduced), albeit there is not clear evidence of non-rejection of 577 = 1 at
a conventional significance level (see Table 7). Finally, conditioning on share price return differentials
helps center the distribution for the UIP in the UK - US system over a mean value of about -0.6, yet
allowing not to reject the null of %P = —1 at least at the 2.5% level. Albeit weak, this result deserves
further discussion, as share prices reflect investors confidence in the stock market evaluation in each
period, hence having a strong forward-looking component. This somewhat reconciles with theories
pointing to the importance of foreign exchange rate premia in explaining UIP deviations (e.g. Fama,

1987).

5 Conclusions

In this paper, we revisited the relation between the uncovered interest parity (UIP), the ez ante
purchasing power parity (EXPPP) and the real interest parity (RIP) using a VAR framework for the
UK vs. US and the Japan vs. US data. The evidence is based on developing some joint coefficient-
based tests obtained by rewriting the above relations as a set of cross-equation restrictions in the VAR
(Campbell and Shiller, 1987; Bekaert and Hodrick, 2001; Bekaert et al., 2007; King and Kurmann,
2002).

The results point to the existence of a "forward premium” bias in both the UIP and the EXPPP
equations. A ”forward premium puzzle” in the EXPPP case is new in the literature and stems from
testing the PPP in expectational terms, thus assuming agents to bear on the uncertainty of future
exchange rate changes and prices dynamics.

The overall results are consistent with the idea of the UIP to be currency-dependent (Bekaert et al.,
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2007) rather than horizon-based, whilst for the EXPPP the evidence goes in the opposite direction
(Lothian and Taylor, 1996; Taylor, 2002). In addition, the failure of the RIP in the UK vs. US system
but not in the Japan vs. US system is consistent with the assumption that any couple of parity among
the UIP, the EXPPP and the RIP should necessarily imply the third relation (Marston, 1997). Said
that, the statistical explanation of the results must be however taken cautiously because of the large
standard errors associated with the EXPPP and RIP coefficient estimates.

To better characterize our results, we finally augmented the baseline VAR framework with exogenous
regressors. We find the results not to be sensitively affected by the inclusion of exogenous variables,
as a "forward premium” bias persists in all cases. Nonetheless, conditioning on share prices return
differentials yields a better fitting of the UIP relation in the UK - US system, thus providing support
to the role of foreign exchange rate premia in explaining UIP deviations (e.g. Fama, 1987). This
has important implications for policy making as it suggests that variables proxying private sector
expectations may play some role in explaining UIP misalignments.

Overall, these results invite further exploration, as albeit standard theoretical predictions are not
corroborated, we support the view that, for accurate verification, the modeling of expectations is a
central issue. All in all, future research could fruitfully be devoted to the assessment of the role of
economic fundamentals in shaping international exchange rate and inflation dynamics, together with

their expectations.
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Table 1: Summary and Descriptive Statistics

Asy iy —i  Apg — Apf RIP PPP UIP
UK - US System
Mean 0.561 1.396 1.060 0.321 -0.499 -0.820
Variance of sample mean 1.458 0.089 0.361 0.343 1.499 1.464
Maximum 132.185 8.300 42.386 17.542  133.447  130.126
Minimum -120.312  -2.0300 -17.852 -37.336  -140.274 -119.953
AC(1) 0.330 0.973 0.252 0.165 0.301 0.335
AC(2) -0.018 0.930 0.096 -0.011 -0.042 -0.012
AC(3) 0.040 0.896 0.043 -0.061 0.019 0.045
AC(4) 0.055 0.876 0.062 -0.038 0.027 0.059
Japan - US System
Mean -3.086 -2.959 -2.374 -0.569 -0.712 2.215
Variance of sample mean 1.665 0.058 0.325 0.331 1.721 2.123
Maximum 95.588 -0.858 25.024 13.337  97.537 98.863
Minimum -123.181  -4.969 -24.844 -27.727  -128.346 -119.530
AC(1) 0.297 0.965 0.081 0.147 0.297 0.272
AC(2) 0.040 0.919 -0.200 -0.186 0.033 0.081
AC(3) 0.060 0.885 -0.094 -0.214 0.053 0.047
AC(4) 0.033 0.857 0.016 -0.040 0.028 -0.067

Notes: The cpi-inflation and the appreciation rate are taken as month-on-month changes. Figures for the nominal
exchange rate and inflation have been multiplied by 1200. The last three columns represent RIP, PPP and UIP
deviations, computed as the difference between the month-on-month changes appreciation rate and the interest rate
spread (UIP) and month-on-month inflation spread (PPP). The RIP is analogously obtained as the difference between
the interest rate spread and the inflation spread. In all cases differences are considered as home vs. foreign, i.e. UK
and Japan vs. US. In each UIP and PPP parity, the first part of the sample is dominated by the big swings in the
spot nominal exchange rate of the mid and late 70s.

Table 2: Lag-length Selection Criteria

Lags Akaike Information Criterion Bayesian Information Criterion Hannan-Quinn
UK - US System

0 7964.458 7976.39 7969.172
1 6738.387 6785.929< 6757.06

2 6703.745 6786.617 6736.095
3 6681.621< 6799.536 6727.362<
4 6686.466 6839.129 6745.303
Japan - US System

0 4227.568 4237.847 4231.694
1 3593.353 3634.149< 3609.534<
2 3581.827 3652.643 3609.567
3 3571.399< 3671.72 3610.183
4 3580.753 3710.038 3630.041
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Table 3: VAR Dynamics and Bias-Corrected Coefficients
As, it — 1y Apy— Ap;
UK - US System
Asi_q 0.394 0.001 0.035
Bias-corrected 0.386 0.001 0.035
(s.e.) (0.051)  (0.001) (0.012)
Te—1 — 1y -5.077 1.321 1.428
Bias-corrected -5.143 1.312 1.443
(s.e.) (3.677)  (0.049) (0.871)
Api_1 — Ap;_, 0.011 0.005 0.134
Bias-corrected 0.009 0.005 0.127
(s.e.) (0.206)  (0.003) (0.049)
Asi_o -0.180 0.000 -0.004
Bias-corrected -0.182 0.000 -0.004
(s.e.) (0.054)  (0.001) (0.013)
Tt_9 — iy _o 7.246 -0.590 -0.948
Bias-corrected 7.264 -0.584 -0.945
(s.e.) (5.734)  (0.076) (1.359)
Api_o — Apf_, 0.382 0.003 -0.044
Bias-corrected 0.381 0.003 -0.048
(s.e.) (0.209)  (0.003) (0.049)
Asy_3 0.095 0.001 0.014
Bias-corrected 0.089 0.001 0.014
(s.e.) (0.051)  (0.001) (0.012)
Tg_3 —if_5 -3.497 0.240 0.752
Bias-corrected -3.611 0.234 0.749
(s.e.) (3.594)  (0.048) (0.851)
Api_3 — Apf_q 0.059 -0.007 -0.079
Bias-corrected 0.055 -0.007 -0.082
(s.e.) (0.205)  (0.003) (0.049)
Japan - US System
Asi_q 0.294 0.001 0.008
Bias-corrected 0.287 0.001 0.008
(s.e.) (0.048)  (0.001) (0.010)
Te—1 — g -0.631 0.959 1.128
Bias-corrected -0.647 0.949 1.117
(s.e.) (0.960) (0.012) (0.203)
Api_1 — Ap;_; -0.162 0.005 0.162
Bias-corrected -0.164 0.005 0.156
(s.e.) (0.234)  (0.003) (0.050)
Notes: In the Table we report both actual and bias-corrected coefficients. The coefficients are SUR regression
estimates with robust standard errors (Newey-West/Bartlett), where we correct for MA terms up to the | — 1 order
(see Chinn and Meredith, 2004; 2005).
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Figure 2: Histograms of the Simulated Beta Coefficients

Notes: Uncovered interest parity (upper panel), relative purchasing power parity (mid panel) and real interest parity
(lower panel, below). The distribution is based on 50.000 replications.
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Figure 3: Histograms of the Simulated Beta Coefficients. Conditioning on Productivity Growth
Differential

Notes: Uncovered interest parity (upper panel), relative purchasing power parity (mid panel) and real interest parity
(lower panel, below). The distribution is based on 50.000 replications.
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Figure 4: Histograms of the Simulated Beta Coefficients. Conditioning on Broad Money (M3) Growth
Differential

Notes: Uncovered interest parity (upper panel), relative purchasing power parity (mid panel) and real interest parity
(lower panel, below). The distribution is based on 50.000 replications.
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Figure 5: Histograms of the Simulated Beta Coefficients. Conditioning on Reserve Assets Growth
Differential

Notes: Uncovered interest parity (upper panel), relative purchasing power parity (mid panel) and real interest parity
(lower panel, below). The distribution is based on 50.000 replications.
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Figure 6: Histograms of the Simulated Beta Coefficients. Conditioning on Share Prices Return Dif-

ferential

Notes: Uncovered interest parity (upper panel), relative purchasing power parity (mid panel) and real interest parity
(lower panel, below). The distribution is based on 50.000 replications.
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