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1. Introduction

The real effective exchange rate (REER) is a plwagdable in open economy macroeconomics.
With the expansion in trade in goods and servitessREER has emerged as a prime indicator of
price competitiveness of economies in the econguolcy arena. With its roots in the law of
one price among integrated international goods atarkhe theoretical concept of the REER as
well as its practical impact on countries’ outpotlavealth have been extensively studied in the
literature (Aghion et al., 2009; Bleaney and Greeng 2001). With ongoing globalisation and
financial integration, however, capital flows nowcaunt for a major share of cross-border
transactions (Hau and Rey, 2004). Given that expleftiture cash flows determine current asset
prices it may be assumed that their cross-couatigs, computed in the same currency, provide
a measure of price competitiveness of a countrssets relative to its foreign competitors, just
as the REER provides a measure of the price cotiveeiess of a country’s goods and services.
While permanent shocks to this ‘real effective fioal exchange rate’ (REFER) signal a
fundamental reappraisal of future returns and mgichanging shares of a country’s assets in
the portfolio of international investors, temporagriations may be interpreted as overvaluation
or undervaluation of domestic asset prices relativéoreign assets. In general, moreover, it
seems reasonable to assume that the REFER shdlaltt fereign investors’ willingness to hold

a country’s assets. Further, given that capital enoents will generate a price impact on assets
and/or nominal exchange rates, we may derive aili@gum relationship between the REFER
and foreign investors’ holdings of a country’s assaet of domestic holdings of foreign assets

(NFH).

By doing so, we explicitly consider Lane and Shangtes (2010) observation that the trade-

weighted exchange rate indices are insufficienprtovide a full understanding of the financial



impact of currency movements. These authors ceeéiteancially weighted exchange rate index
based on the composition of foreign assets andlifiab in order to investigate the impact of
currency movements on the capital gains and loss&seign assets and liabilities. In contrast,
the proposition of a real effective exchange ratg ts not only financially weighted but also
deflated on the basis of financial market pricesudth fully reveal the causes and consequences

of exchange rate movements in international camtaket transactions.

In this paper, a panel of 15 leading national stoekkets is used to construct and empirically
investigate the index of real effective financiahnket exchange rates. While, at the first stage,
nominal bilateral exchange rates are deflated byCM&ock market indices to obtain real
bilateral financial market exchange rates, weidbdsed on bilateral cross-holdings of equity
securities as reported in the IMF's Coordinatedf®bo Investment Survey (CPIS) data set are
used to calculate the REFER as a geometric avefdgéateral values at the second stage. This
indicator therefore reflects the relative attragtigss of a country’s financial assets as compared
to those of its capital market competitors. The ieicgd results are encouraging at least in two
important ways. First, we find that a country’s fateign asset position in equity securities is
cointegrated with its REFER. Second, the resultdggamic error correction analysis provides
empirical support for uncovered return parity depeld by Capiello and De Santis (2007) and
De Santis and Sarno (2008) as well as investonsfghio rebalancing behaviour as discussed in

Bohn and Tesar (1996) and Hau and Rey (2009).

The remainder of the paper is organised as folldw&ection 2 we briefly review the literature
on the relationship between exchange rates andat#ipivs. In Section 3 we offer a theoretical
framework for the linkages between the REFER andareign assets. In Section 4 we describe

the data, while in Section 5 we describe the madlogy for calculating the REFER. In Section

2



6 we provide a description of the econometric framo and report the empirical results, before

offering some concluding remarks in a final section

2. Exchange Rate Dynamics, Capital Flows and Assitices

Numerous studies such as Portes and Rey (2005aeBedt al. (2002), and Brooks et al. (2004)
have analysed the linkage between exchange rasemdys, capital flows and asset prices. Based
on the now widely accepted microstructure proposithat foreign exchange order flow drives
exchange rates (at least contemporaneously; eand,}2006), the theoretical approach of Hau
and Rey (2004, 2006) suggests that higher returrthe home equity market relative to the
foreign equity market are associated with homeenay depreciation. Subsequent empirical
studies generally provide support for this negatalationship. For instance, Heimonen (2009)
indicates that an increase in Euro area equitynmstwith respect to US equity returns causes an
equity capital outflow from the Euro area to the,U&ading to an appreciation of US dollar.
Investigating high frequency data from emergingilEmal, Gyntelberg et al. (2009) are able to
provide further support for this framework. Thessults are based on two comprehensive, daily-
frequency datasets of foreign exchange and equattken capital flow transactions undertaken
by nonresident investors in Thailand in 2005 an@6&0Net purchases of Thai equities by
nonresident investors lead to an appreciation @fTthai baht; in addition, higher returns in the
Thai equity market relative to a reference stockketeare associated both with net sales of Thai
equities by these investors, with a consequentedegiion of the Thai baht. Chai-Anant et al.
(2008) examine foreign investors’ daily transacsiom six emerging Asian equity markets and
their relationship with local market returns andleange rate changes over the period 1999-

2006. In line with the above studies, these autfindsthat equity market returns matter for net



equity purchases, and vice versa; in addition, evbilrrency returns tend to show little influence
over foreign investors’ demand for Asian equitie®t equity purchases do have some

explanatory power over near-term exchange rateggsan

While these studies essentially concentrate orshiogt-run dynamics of bilateral exchange rates
using country-specific time series, in the prestatly we aim at deriving a long-run equilibrium
relationship between the REFER and cross-countsgtasoldings based on a large panel of
countries. Thus, our analysis is more closely eglab a strand of literature going back at least to
the so-called stock-flow approach of Farugee (1986kre the REER is explained by the stock
and flow of assets across borders. Based on dathhdoUnited States and Japan since World
War Il, Faruguee revealed a cointegrating relatignbetween the net foreign asset position and
the REER for the US, although not for Japan. Agliet al. (1998) and Alberola et al. (1999,
2002) extended this model by including non-pricenpetitiveness and a non-tradables sector,
respectively; estimating the equilibrium REER fopanel of developed countries, these authors
found evidence to suggest that if a country hasractated current account surpluses in the past,
its net foreign position increases together withappreciation of its REER. The relationship
between net foreign asset positions and exchanege \nas also investigated in the context of the
Behavioural Equilibrium Exchange Rate (BEER) modwrlggested by MacDonald (1997) and
Clark and MacDonald (1998). The BEER approach eéxplenovements of the REER in short,
medium and long-run equilibrium levels using netign assets and some other fundamentals as
explanatory variables. Based on the data for USm@ey and Japan, Clark and MacDonald
(1998) provide empirical evidence for the followimgjuilibrating mechanism: a rise in net
foreign assets implies an increase in the real an@h rate which will tend to counteract the

change in net foreign assets via the deterioratidhe trade balance, and vice versa. Bénassy-



Queéré et al. (2004) follow the methodology of Allderet al.(2002) and analyse the long-run
effects of net foreign assets on the REER for tF#0@ountries for the period 1980-2002. Using
a panel cointegration approach, they find that erefese in net foreign assets in emerging
economies caused an appreciation of the REER isgbend half of the sample. Using the same
technique, Egert et al. (2004) showed that an ingareent in the net foreign asset position leads
to a real appreciation in small open OECD economiescontrast, in the case of transition

economies the deterioration in the net foreign tasge consistently associated with a real
appreciation; the authors suggest that the diffaxen the sign of the estimated coefficient may
be due to the fact that the 30-year period usedhi@rOECD countries captures the long run,
while the decade of data available for the tramsitountries can only be informative about the

medium runt

There is also an issue as to which types of cafitais to include in the analysis. Hau and Rey
(2006) relate exchange rates to equity flows, wlieurounis (2004) conducts the empirical
analysis also for the impact of bond flows on exg®arates, revealing that net cross-border
equity flows have a significant effect on exchangée movements while bond flows are
immaterial. Brooks et al. (2004) consider variousdk of capital flows, such as foreign direct
investment flows, portfolio flows and debt flowsy the euro and the yen against the dollar. The
authors show that net portfolio flows between thuoEArea and the United States can closely

track movements of their exchange rate, while tpralirect investment flows appear to be less

' This is in line with considerations that high exigecreturns in catching-up countries attract fareigpital which
entails both, an accumulation of foreign liabiktiand a currency appreciation. In the long run,éw@, a country
having a negative value of net foreign assets rhagé a trade surplus to finance interest and diddeayments.
This is delivered by a depreciation of the courstmgal exchange rate. For a theoretical foundatfdhis argument
see Dornbusch and Fischer (1980), Hooper and M¢it@82) and Gavin (1992).



significant for exchange rate volatility. On thenet hand, movements in the yen versus the

dollar are explained more by the current accoudtiaterest differential.

More recently, Lane and Shambaugh (2010) indichte the trade-weighted exchange rate
indices used in these studies were insufficienttuidy understand the financial impact of

currency movements. This is particularly true ia tace of growing importance of the valuation
effect in the recent years with rapid growth inss<torder financial holdings. These authors
document the diverse behaviour of trade-weighted famancially-weighted exchange rates,

generally indicating that trade weighted exchargjes are not informative with regard to the
financial impact of currency movements. Tille (2D@Bd Lane and Milesi-Ferretti (2007b) also
emphasise the role of financial-variable weightd #reir studies indicate that the trade weights

and financial currency weights are quite differfamtthe United States.

In the present study, while considering financisdrket weights to calculate an effective
exchange rate as suggested in much of the preliietasture, we also use financial market prices
to deflate the incorporated nominal bilateral exgderates. A panel of 15 countries, which
together account for roughly 65% of global crossdleo equity security holdings (assets and
liabilities), is used to construct real effectivieancial exchange rates. This new indicator is

evaluated analysing its relationship with capitahs among these countries.

3. A Portfolio Balance Interpretation of the Real khancial Market Exchange Rates

Portfolio balance models in the tradition of Adéerd Dumas (1983) and Branson and Henderson
(1985) are well-understood in describing an eqilila relationship between the stock of assets

held by international investors and the price ode#s in different currencies. We use this



framework to show in Section 3.1 that the realafie financial exchange rate has an intuitive
fundamental value determined by the relative assktings of international investors. From an
empirical point of view, the existence of the politF balance equilibrium should materialize in a
statistically significant cointegrating relationghbetween the real effective financial exchange
rate and relative asset holdings of internatiomakestors. Since a cointegrating relationship
implies the existence of a dynamic error correctamfjustment process (Engle and Granger,
1987), we also estimate and provide an economgrprgtation of the short-run adjustment

processes.

In Section 3.2, we show that the error correctignation of the real effective exchange rate
implicitly tests for a risk premium in the uncovereeturn relationship, as derived in Capiello
and De Santis (2007) and De Santis and Sarno (2@@8pndly, in Section 3.3, the empirical
evidence on the error correction equation of redataisset holdings is used to shed light on
international investors’ behavior with respect tartfolio rebalancing and return chasing, as

discussed, for instance, in Bohn and Tesar (1996).

3.1 Exchange Rates and Net Foreign Holdings of a GQatry’s Assets

We consider a model in which there are N investams, for each country, allocating their wealth
to the real assets df countries, including the real domestic assetahtryi, Fi"_t, andN-1real
foreign assetﬁ*]-ft. In contrast to the standard portfolio model wendd incorporate money or

bond holdings of the investdvloreover, we explicitly focus on short-run porttmlynamics and



do not consider a change of the real supply ofijorasset due to current account imbalarfces.
As a result, the real supply of domestic and foreagsets is assumed to be fixed. The nominal

wealth of the countryinvestor defined in terms of the domestic curreiscy

N .

, B Ff

Wgzz = J=Lo,0.N )
= it

whereP;; andP;; are the domestic currency price of the domessetasnd the foreign currency
prices of theN-1 foreign assets, respectively. The exchangeSates defined as the price of the
domestic currency in units of the foreign curreaoglS;; = 1. The nominal stock of countiis

assetd-; are either held by the domestic investor theN-1 foreign investors:

N
E;t'Fizszt'Fi{t' j=1..,i..,N (2)
=1

Each country representative investor is assumed to be endovitbdtire entire set of domestic
equities before engaging in international portfaigersification. This implies that at any future
point in time the number of countjyassets in investadrfs portfolio can only be increased by
decreasing the number of domestic or other foraggets in her portfolid.o what extent assets
can be exchanged depends on relative prices. Ba#ing budget constraint for investostates
that the value of net sales of domestic assets suustl the value of net purchases of foreign

assets:

2 Hooper and Morton (1982) develop a model in whégbgenous shocks to trade result in changes ifiongign
assets and, in the long run, in a positive corimiabetween net foreign asset and real exchangs.rbt a more
complex theoretical model, Gavin (1992) shows thebdgenous shocks to wealth entail a positive catioad
between net foreign assets and real exchange ifafes Marshall-Lerner condition is satisfied.
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. P, AF}
§ Ry AFi{t = E /’ts L, Vji#i (3)
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The investors’ portfolios are in equilibrium if tli®mestic-currency nominal supplies of assets
equal their desired shares of nominal wealth. Thhere areN? equilibrium conditions of the

form:

I — ol Wi Vi, 4)

Wherew},t denotes the desired share of coufigyassets in investais portfolio so that
N
Z a)j‘:_t =1, Vi.
j=1
The vector of each investor’s portfolio weightgyipically derived from first order conditions of
mean-variance optimization
wi = a's7p, )
wherea denotes investdts risk aversiong;?! is the covariance matrix of returns, gridis the

vector of investor’'s timet expectations about asset returns until titrie

From rearranging the equilibrium conditions foreisgeq. 4) we may write

P, ol Wi

Lt jttrt P 1
—_—= - ) Vi, j. 4

Sie L L,j (4)



For each portfolia there areN-1 ratios of cross-country holdings denominated inntoy |

currency

. Jywic.. J

Be Sye 0 W Sji,e/ i
) i i i
B¢ wj,tVVt /P}t

: (6)

wheres;;, = 1/Sj; ;.

Equation (6) states that in equilibrium the assetepratio denominated in countyyeurrency

equals the ratio of nominal demands per unit of asaets. The latter reflects the importance of
market capitalization in the domestic as well ashim foreign asset market. For instance, if the
number of domestic asset shares is large relativbe number of foreign asset shares, a given
change in the portfolio composition should exh#itower price impact than a more balanced

market capitalization across borders.

In the following, the asset price ratio on the-ledind side of equation (6) will be interpreted as
currencyi’'s (asset-based) real bilateral exchange rate-vis-aurrencyj. An increase in the real
exchange rate reflects a relative appreciationoohtryi’s asset. Assuming that the law of one

price holds on international asset marké}s-(S;;,/ £, = 1), we find that

Y (&)
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This implies that under these circumstances theeateportfolio shares can only deviate from

real asset shares in an internationally symmeaisbibn, including the portfolio equilibrium case

where theui{ . exactly match real asset shares (Solnik, 19745&nis, 2010).

By weighting N-1 real exchange rates we may calculate curreiscyeal effectivefinancial

exchange rateREFER as:

N 9‘: N . . . 91:
I <E;f- 51'/Lt> i I (wi’.tWt]Sﬁ.t/ Fi{t) Y 7)
By =1 w},tVth/F}'l,t ’
where theds are constant weights derived from the cross-cgunaidings of investors andj in

a base period:

i i iyl
oi — W} 200aW2004 + 07 Ws004/Sji,2004 vj#i 8)
J TN i i N ) J ’
2j=19j 2004Wa004 + Xj=1 @} 2004W2004/Sji 2004

so thafy)_, 6 = 1, vi.

Because the weigh® incorporate both assets as well as liabilitiesafntryi vis-a-vis country

| relative to the sum of assets and liabilities,ytheflect the importance of countjyin the

3 Constant weights help identifying the relationsbigtween relative asset prices and cross-countigirtys of
assets and liabilities. The left-hand side of eiguaf7) is similar to the construction of CPI-baseal effective
exchange rates as comprehensively discussed iroBuileet al. (2002) and updated by Schmitz et 201Q). In
contrast to the ECB construction of real effecéixehange rates we do not consider any third mafketts.
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portfolio of countryi. Thus, the right-hand side of equation (7) represséhe weighted average
of net foreign holdings of countiiys assets in the portfolios of foreign investorsreoted for
capital market sizes, or net foreign holdiny&K) for short. The log real effective exchange rate

of countryi is

N

> 0} (it sye— 1) = 29 (@, —dl,), Vj=i )

=1
whered!, = log(w] W/Sji:/F/,) andd!, = log(w} ,W//F},), and lower case letters denote
logarithms.

3.2 Return Differentials, Expectations and Risk Preia: Short-Run Exchange Rate
Adjustment

The underlying assumption of risk aversion forcetermational investors to demand a risk
premium in case the actual net foreign holdinga obuntry’s assets in a given portfolio exceed
their optimal share. In our framework, this risleqmium can be derived from the empirical

counterpart of the equilibrium condition represernteequation (9):

nfhy = nfhi + uyy, 9"

where the optimal level of (log) net foreign holgemfh; = a, + a,refer; is a linear function

of the country’s (log) real effective financial évange rate. From equation (9), following Hau

12



and Rey (2006), we expect the coefficieptto be significantly positive, i.e. net foreign efss
and the real effective exchange rate are positicelyelated. If equation (9) is perceived to
represent a useful equilibrium relationship, anyiakon u,; should die out over time or, in
statistical terms, have a constant mean and fuateance. This error correction can be provided
by an appropriate adjustment of either net foreimgidings or the real effective financial

exchange rate. With respect to the adjustmenteoRIBFER this error correction is of the form

Areferiys = V10 + Yi1(nfhe — nfh) + vy Arefer, + yizAnfhy + &44. (10)

where Arefer,,, = XY, 6/ (As;;. + Ap;.— Ap;,) can be interpreted as the excess return of
countryi’s assets over the average return of their foreigunterparts. Of course, estimating

equation (10) implies a specific test of the jdigpothesis of uncovered return parity—i.e.:

E[Arefery1|Q¢] = yi1(nfhe — nfhy) (11)

—and rational expectations on the part of inteoreti investors such that their expectations for
time t+1 are the true mathematical expectations based annaftion available at time The
concept of uncovered return parity has been deedldyy Capiello and De Santis (2007) and De
Santis and Sarno (2008) where, similar to the srguhcovered interest rate parity condition, the
equilibrium condition of uncovered return paritysas from a standard no-arbitrage framework
relating expected excess returns from internatice@lity investments to the conditional

covariances between equity returns and the stachdscount factor, and the conditional

13



covariance between the foreign equity return amdekchange rate retufdn contrast to this
equation (11) implicitly assumes constant (uncood#l) covariances, but allows for time-
varying risk stemming from inferior shares of a Btvy's assets in the portfolios of international
investors. In fact, Adler and Dumas (1983) showet tmean-variance optimization leads to a
linear relationship between risk premia and effitiportfolio shares. As a result, our version of
the uncovered return parity states that expectedssxreturn of a country’s assets are positively

related toexcesset foreign holdings.

3.3 Rebalancing versus Return Chasing: Short-Run Adstment of Net Foreign Holdings

Examining the role of net purchases in an inteomati capital asset-pricing model, Bohn and
Tesar (1996) decompose net purchases into traosacthat are necessary to maintain a
balanced portfolio and net purchases that are dreghy by expected international return
differentials. Their empirical results show thaSUtransactions in foreign equities are primarily
driven by the return-chasing effect, which mear thvestors tend to move into markets where
returns are expected to be high and retreat fromketewwhen predicted returns are low. More
recently, Hau and Rey (2009) examine the dynanfigsternational portfolios with a microdata

set on the stock allocations of a large set ofrir@tgonal equity funds during a five-year period;
these authors find strong support for the hypothésat managers rebalance their portfolios

towards their desired weights aiming at stabilizexghange rate risk and equity risk exposure.

* Empirical research has consistently rejected uexaVinterest parity; for surveys see Engel (1296) Taylor
(1995). It is now considered a stylized fact thghbr interest rate currencies tend to appreci&@nwncovered
interest parity predicts them to depreciate. Timdifg is commonly referred to as the “forward lpagzle'.

> This is confirmed by Calvet et al. (2009) who inigate whether Swedish households adjust theiraigiosure in
response to the portfolio returns during the peli®€9-2002. They examine the rebalancing betweenisky share

14



In our framework, this portfolio adjustment appearsthe error correction equation of net
foreign holdings. Again we start from the empiricalunterpart of the equilibrium condition

represented in equation (9):

refer, = refer{ + uy, 9"
where the equilibrium level of the (log) exchanggerefery = —aqy/a; + 1/a;nfhi is a

linear function of the country’s (log) net foreigoldings. The corresponding error correction of

net foreign holdings is of the form

Anfheyq = Va0 + V21 (refer, —refery) + yyArefer, + y3Anfh, + 44. (12)

whereAnfh;, defined as the percentage change of courdrynet foreign holdings, can be

approximately decomposed into two components:

N N i .
, , . . WS¢ 44 ,
Anfh, = Z 6} (Alnw!, — Alnw},) + z o/ | Aln (%) — Aln <E> (12
j=1 j=1 ' :

it

of households portfolios and riskless assets rengeabrtfolio rebalancing especially for the modueated and
wealthiest households.

15



The first component in round parentheses on the right-hadd sf (12’) represents the
percentage change of the desired portfolio shafemternational investors relative to the
percentage change of the domestic investor’'s aepoefolio shares of the foreign assets. Based
on the derivation of portfolio shares from meaniaace optimization in equation (5) and
assuming that investars return expectation depends linearly on the eurreispricing of the
respective country’s assets, the first componemtesponds to the error correction term in
equation (12). Observing a significant reactionimfestors’ portfolios to a disequilibrium
relative asset price can be interpreted as eviden&avor of return chasing (Bohn and Tesar,
1996), whereby a negatiye; is consistent with a buy low/sell high strategyl anpositive)s;

results from a sell under-performers/buy over-penfers strategy.

The secondcomponent on the right-hand side of (12’) consiétthe average growth differential
between foreign and domestic investors’ wealth geare of real assets and represents the
valuation effect of relative asset price changemenforeign holdings. From rearranging the
above decomposition, it follows that in order tave portfolio shares unchanged the growth rate
of net foreign holdings has to match differencegiowth rates of investors’ wealthf time-t
valuation effects on investors’ wealth trigger paib rebalancingtransactions estimation of

equation (12) should result in a negatpyecoefficient.

4. Data

The data are constructed at annual frequency isémple of periods 1993-2012 and include

fifteen countries: Australia, Brazil, Canada, GemyaSpain, France, Hong Kong, Italy, Japan,

® A similar portfolio rebalancing argumentation i®yided by Bohn and Tesar (1996) where net purchakan
asset is also driven by the performance of thet ése#f relative to the performance of the ovepattfolio.
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Korea, Mexico, Portugal, Singapore, United Kingdand United States. Cross-holdings of
equities are derived from Kubelec and Sa (2012) ted IMF's CPIS data set. Unlike the
database constructed by Lane and Milesi-Ferre@®7a), the data set used in our study provides
information on the equity stocks of bilateral crbsddings of assets. Thé&eographic
Breakdown of Total Portfolio Investmefitable 8 of CPIS) comprises data from the indigidu
economy’s residents holdings of securities issueddn-residents (reported data), and the data
for non-residents’ holdings of securities issuedrésidents (derived data), while Lane and
Milesi-Ferretti database does not make the geogrdyveakdown of the portfolio of investments

and only reports total portfolio equity assets cbantry.

The data published by Kubelec and Sa (2012) cdeeperiods 1993-2005 and data from CPIS
cover the periods 2006-2012. While equity crosstingls of major industrialized countries such
as the US are the same across data sets, KubaleSaafill gaps in the CPIS framework by
estimated values from a gravity model. The CPISeurcovers equity assets of investors from
currently roughly 75 countries. In our study dataithtions did not allow us to include data
about all countries. For instance, China does ®egont its outgoing investments. So, we
narrowed down the sample to 15 leading countrigschvstill represent the majority of cross
holdings. The circle of 15 countries used in owdsgtreflects roughly 65% of global equity
securities documented in the CPIS. The CPIS data @aleo used to calculate constant country
weights based on cross-holdings of 2004, as tlas igeassociated neither with the new economy
bubble nor with the current financial crisis. Theights are computed in a way, that they reveal
the most important partner countries and existimgricial ties. Table 1 shows the overall
weights at which the individual countries are imgd in the real effective financial market

exchange rate.
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From the United States perspective, United Kingd@nm.3%), Japan (20.6%) and Canada
(14.1%) are the most important for the stock maskethange rate. While for Germany the
largest weights have the United States (38.5%hder§21.3%) and United Kingdom (18.4%). In
general, the financial tie with United States is thost important for all countries, except for

Hong Kong SAR, where United Kingdom is dominatinighva weight of 43.7%.

Monthly bilateral exchange rates were obtained fthenDeutsche Bundesbank’s database. For
the period from 1999 onwards, hypothetical excharsges for DM, French Franc and other
former EU currencies were derived based on eurlaidahtes, with the average of these data
taken in order to obtain annual data. To arriveeal effective financial exchange rates, the
nominal bilateral exchange rates were deflated gudtorgan Stanley Capital International
(MSCI) stock market indices. The MSCI Global Inadsdée Market Indices (GIMI) methodology
classifies each company and its securities in ark anly one country, which allows for a
distinctive sorting of each company by its respectiountry ruling out problems of equity cross-
listing.” Figure 1 displays a comparison between the rdattife financial exchange rates for
Germany and United States and real effective exgdhaates based on goods market prices for
the same set of countries, where an increase iretlieffective financial exchange rate implies a
relative appreciation of the country’'s equities.eTgraph shows that, for instance, Germany
entered European Monetary Union at a relatively l@gchange rate, which devalued in the early
2000s. Subsequently, an increase of the German RERBE be observed until the recent crisis
most likely reflecting increased price competitiges of German firms due to decreasing unit
labor costs. Regarding the US REFER, Figure 1 sheowisarp appreciation between 1994 and

1998, which was associated with a strong influx cajpital. The technology boom and

7 Seehttp://www.msci.com/egb/methodology/meth docs/MSCI Nov13 GIMIMethod.pdf.
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expectations of higher US productivity growth lexldlevated stock market valuations and a
strong dollar appreciatin Since 2001, however, the enthusiasm for US ddfi@estments
substantially decreased accounting for a depreciatf the dollar's REFER of 35 percent by

2008.

[Figure 1 about here]

Fig. 2 shows that real effective financial exchamgges exhibit strong fluctuations over time.
Comparing time-series variances we find that, imegal, theREFER of emerging market
countries have greater variances than those obtridlized economies. Except for the Japanese
Yen, which, according to the index, was relativeigh in the beginning of 1990s, experienced a
considerable decline of iREFERIn mid-1990s and remained at the lower level afeeds.In

contrast, th&REERexhibits smaller fluctuations over time due to stiekiness of goods prices.

[Figure 2 about here]

In order to control for the price impact of rel&igapital market sizes as documented in equation
(6) we used the data on market capitalization abthifrom the Worldbank database (World

Development Indicators — WDI).

® See Blanchard and Milesi-Ferretti (2009).
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5. Estimation results

To analyze the long-term relationship between feglncial exchange rates and net foreign
holdings, we perform standard panel cointegraticaiyses’ As a starting point, panel unit root
(Philipps-Perron) tests are applied to the levéelRBFER and NFH, respectively. The Fishér
test statistics of 20.49 and 41.39 do not rejeet tlull hypothesis ofhon-stationarity at
conventional leveld® When looking at logs, test statistics of 19.98 88c20 do not reject the
unit root behavior of both variables, either. Hayvestablished that both variables wifg we
move on to testing for cointegration. As suggestedPedroni (2004) and Kao (1999) ordinary
least squares (OLS) regressions are estimatedtamohsrity of the resulting residuals are tested
using the Engle-Granger framewdrkThe associated panel ADF-statistics are signifiearthe

one percent level rejecting the null hypothesismtointegration for variables in logarithms.

The subsequent error correction models are bas#tedong-run relationship (standard errors in

parentheses):

refer;y = 497 + 0.35 - nfh;e + u;,.
0.09 (0.08)**

(137
The coefficients in equation (13’) are derived frardynamic OLS (DOLS) estimation where the
real effective financial exchange rate is regressed constant, net foreign holdings, the current

and lagged change of net foreign holdings, the ldaghge of net foreign holdings, and two

° All estimates are conducted using EViews 7.1.

®See Fisher (1932) and Maddala and Wu (1999). Thebeu of lags is automatically determined using the
Schwarz info criterion. Furthermore, we allow foweld effects in the individual cross sections.

! See Pedroni (2004) as well as Kao (1999).
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autoregressive terms (Kao and Chiang, 260The computed variance-covariance matrices are
robust against cross-section correlation and hgkedasticity using panel corrected standard
errors (PCSE). The results are in line with Hau &®y (2006) claiming that the pricing on
modern international financial markets can be attar&zed as order-driven in the sense that net
buying of a country’s assets lead to rising prie@sl/or currency appreciation. This is also
present in a high-frequency study by Dunne et2811Q) showing that asset returns are strongly
and positively influenced not only by own markeder flow, but also by the order flow in the
overseas market. In addition, Heimonen (2009) fithdd net equity flows from the US to the
Euro Area led to an appreciation of the euro (UBadalepreciation). These findings are also
consistent with the work of Gyntelberg et al. (200@&ho provide evidence of a positive
relationship between net purchases of Thai equityeforeign investors and baht exchange rates.
Apart from this order-flow argumentation, positigerrelation between the two variables may
also arise from a valuation effect depending ontldreor not investors are fully rebalancing

their portfolios?

As detailed in Sections 3.2 and 3.3, the erroremion equations (10) and (12) are used to
empirically investigate uncovered return parity g@odtfolio adjustment behavior of international
investors. The estimation results represented biel2 are based on OLS regressions with fixed
cross section and fixed time effects. Panel A shthesparameter estimates of the model with
the refer andnfh variables. In order to fully assess the empirmafformance of the new index

we also estimated the traditional model using ad#ed real effective exchange rate based on

 When looking at Phillips-Perron statistics of thedPoni test no-cointegration can also be rejectethe one
percent level.
13 The following error correction analyses give deginformation on this issue from an empiricalgperctive.
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consumer price indices. The resulting coefficiaftthe empirical model are contained in Panel

B of Table 2.

[Table 2 about here]

According to Panel A of Table 2, both variablesvide significant error correction. In case of a
positive deviation from the long-run equilibriumpiging that the curremtefer is higher than its
equilibrium value a depreciation of the real effeetfinancial exchange rate proportional to the
current error can be expected to restore equihtridlthough highly significant, an error
correction coefficient of 17 percent translates iathalf-life of adjustment of 3.7 years, implying
only a moderate speed of adjustment of internaktiasset prices. Compared to the standard real
effective exchange rate (Panel B), the new indeasdwot seem to perform better in terms of
adjustment rates or the overall fit of the errorrection model. However, the error correction
equation of theefer has a straightforward uncovered return parityrpretation. As outlined in
Section 3.2, the error correction term reflectsréfaction of excess returns of a country’s assets
to current excess net foreign holdings revealingigmificant average risk premiufi.These
results are consistent with those of Cappiello dedSantis (2005), who approximated risk
premia by a number of business cycle variables, ain@appiello and de Santis (2007), who
report an economically significant role for riskepria in the uncovered return parity condition.
Within the framework of standard uncovered intepesity, Sarno et al. (2012) reveal that time-

varying risk premiums are capable of producing aséd predictions for excess returns and

14 Note that the negative sign is based on the djuith relationship (13") instead of equation (16)used in
section 3.2.
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hence conclude that accounting for risk premiuns lea sufficient to resolve the forward bias

puzzle without additionally requiring departuresnir rational expectations.

We now turn to the second error correction equat@hile the standard real effective exchange
rate (Table 2; Panel B) does not reveal any sicgfi reaction of net foreign holdings at all, the
estimation results on the new index answers thestoure whether managers rebalance their
portfolios towards their desired weights and/or@ase their exposure to expected increasing
asset returns. First, we find a significant reactod nfh to a given deviation from the long-run
equilibrium. The estimated error correction coediits in the second column of Table 2 are
based on a rearranged equation (13") and can leetlgirinterpreted as a nine percent error
correction provided by the change of net foreigindimgs. Thus, a positive error reflects a
higher-than-equilibrium share of a country’s assatsl triggers capital outflows thereby
lowering net foreign holdings. Against the backdmipthe above discussion in section 3.3,
however, the standard formulation of equation (5B9uld be employed leading to a significant
positive coefficient in equation (12). This meahattif the relative price of a country’s assets is
lower than in equilibrium international investorses to expect lower returns and decrease its
portfolio share consistent with a sell under-parfers/buy over-performers strategy. Using US
transactions in foreign equities between 1980 a8@41Bohn and Tesar (1996) found that
investors tend to move into markets where retumesexpected to be high and retreat from
markets when predicted returns are low. Howevegreeted returns are calculated from a set of
regressors and would have, ex post, led to pastfokses. Given that a lower-than-equilibrium
relative asset price is the result of lower averpgst returns than abroad this strategy is also
consistent with positive return chasing. The residltpositive return chasing has been also

reported in a number of contributions. For instanBeennan and Cao (1997) support this
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hypothesis by their finding of positive correlatibetween US purchases of equities in foreign
markets and their stock returns. Choe et al. (188§)e that foreign investors pursued a positive
feedback trading strategy on Korea’s stock markédre the 1997 Asian crisis in the sense that
trades of foreign investors were affected by pa&strns. Furthermore, by analyzing daily

international portfolio flows into and out of 44wdries Froot et al. (2001) provide evidence for
positive feedback trading of international invesitawhile Grinblatt and Keloharju (2000) report

that foreign investors tend to buy recent winnard gell recent losers in the Finnish stock

markets.

Second, the negative coefficient of the lagged ghaof therefer indicates a decrease of net
foreign holdings when investors have observed hdrigeturn on a country’s assets than abroad.
As outlined in section 3.3 this behavior may bemid ‘portfolio rebalancing’, which implies
targeting long-run country shares in investors'tjotios. These results are consistent with Hau
and Rey (2009) finding strong support for portfoliebalancing behavior concluding that
managers aimed at stabilizing exchange rate risk eguity risk exposure around desired

levels?®

6. Robustness

To provide insights into the robustness of the eiradi findings we re-estimate the model using
levels instead of log variables, distinguish betwpee-crisis and crisis observations, and, finally,
look at the influence of capital market distances a@ccount for gravity-type effects of

international capital flows.

15 In contrast, Bohn and Tesar (1996) do not findigigant portfolio rebalancing of US investors.
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Levels

It is standard practice in the empirical internasib finance literature to use variables in
logarithmic form, because the resulting coefficeeate reasonably interpretable as elasticities
and deviations from equilibrium values are repoitegercentages. In policy circles, however,
developments of international asset markets andasge rates are often represented and
discussed using levels. When testing for cointégnah levels using the procedure suggested by

Pedroni (2004) and Kao (1999),

REFER;, = 86.66 + 22.99 - NFH;, + u;,.

(139
we find that the associated panel ADF-statistiessagnificant at the one percent level, rejecting

the null hypothesis of no-cointegration.

[Table 3 about here]

The associated error correction equations diffemfthose of the log variable estimations as the
adjustedR? increases substantially for the exchange rate tequavhile the equation of the
change of net foreign holdings shows no signifidgafitence of either the misalignment or the
recent excess return. This is perhaps not surgrissmabsolute price changes or misalignments

might not be appropriate in a panel data framework.
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Sub-sample estimation

The global financial crisis clearly affected intational investors’ asset allocation. Compared to
pre-crisis times global liquidity shortages spureeprocess of deleveraging and diminishing risk
appetite unfolded substantial safe haven flows. flilly assess the different behavior of

international investors we split up the sample enfare-crisis period ranging from 1993 to 2007
and a crisis period ranging from 2008 to 2012. Aggplying DOLS techniques a cointegration
relationship between the logs of thefer and nfh can be found for both sub-samptéghe

related error correction equations are reportatierfollowing Table 4.

[Table 4 about here]

When looking at Table 4 the following observatica® worth mentioning. The estimation
results of the pre-crisis period are largely caesiswith the full sample estimation as both the
significant risk premium as well as the portfolebalancing behavior remain valid. However,
the error correction coefficient of net foreign diolgs decreased and became statistically
insignificant. This implies that during the firsaraple investors did not systematically adjust
portfolio weights in the presence of changing niggathents. Regarding the second sub sample
the risk premium in the exchange rate equationrbecstatistically insignificant. Although the
coefficient remains in the neighborhood of the -Bdmple estimation large asset price

movements together with the associated capitaldlbave led to multicolinearity problems. The

16 Note that in order to deal with the relatively ghome dimension of the second sub-sample we agglimore
parsimonious version of the DOLS equation.
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variables drefer; and Anfh, are proven to be positively correlated in thistipatar period
resulting in higher standard errors of the estichatgefficients. In fact, removingnfh., from the

regression restores statistical significance ofetier correction term at the one percent lé{el.

Moreover, the error correction equation of thefoetign holding shows that portfolio managers
moved from a portfolio rebalancing strategy to gngicant sell under-performers/buy over-
performers return chasing strategy. This findingytmibe explained by the observed cutting
down of portfolio exposures in financial hubs ie tdS and in Europe resulting in a comovement
of decreasing asset prices capital outflows inrés¢ of the world. As noted by Rey (2013), the
fundamentally changed risk sentiment of US and gesa investors and the need to adjust their
international portfolios according to new accouctanmules have triggered a deleveraging
process that entailed a general withdrawal of itoresfrom foreign markets, irrespective of
expected earnings or the exchange rate. This ®ledsd supported by Forbes and Warnock
(2012) finding that extreme capital flow episodeg @anainly explained by global factors,
especially by global risk. Taken together, the sabyle analysis lends support to our approach
as the dramatic change in the investors’ behauwwing the financial crisis is reflected in the

estimations.

The influence of geographical distances betweeirtalaparkets

In the literature, it is argued that the geographinformation is one of the main determinants of
international transactions while there is often kveapport for the diversification motive, once

controlled for the informational friction. Portesich Rey (2005) show that a gravity model

17 At the same time the estimated error correcticeffament is back to roughly 24 percent, while tidjusted??
remains at 46 percent.
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explains international transactions in financiaeds at least as well as goods trade transactions.
The authors reveal that gross transaction flowsedémn market size in source and destination
country as well as trading costs, in which botloinfation and the transaction technology play a
role. Assuming that that the degree of informaticsymmetry between domestic and foreign
investors or the efficiency of transactions mayapproximated by the geographical distance
between capital markets (Portes and Rey, 2005), rtie of information costs may be
investigated within the above framework by interagtthe error correction term with an

appropriate distance measulest;:

Anfhii = Bao + P21 Uit—1 + Baz * dist; - Ujr_q + Baz - Arefer;_4 (14)
+Pa - Anfhi g + €.

The equation assumes that the error correctiorficesft is now a decreasing function of the

distance between capital markets, where the lstteonstructed as the weighted average of air-
line distances between a country’s capital andthiér countries’ capitals in the sampidsrom

the above interpretation of the error correctiamtéhis implies testing the null hypothesis that

equity returns of distant markets are as hardedipt as those of neighborhood markets.

[Table 5 about here]

** The weights to compute an arithmetic average akentdrom the calculation of the real effective ficil
exchange rates. Thus, the variathit (logarithm of distance in kilometers) varies asresuntries but is of course
constant over time.
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Re-estimation of the model reveals no influenc¢éhefdistance measure on the error correction
of net foreign holdings revealing that investorsset allocation does not suffer from distance-

approximated information cost3.

7. Conclusion

This paper proposes a new integrated approaclvéstigate empirically the interaction between
asset prices, exchange rates and capital flowsedBas the standard international capital asset
pricing model, we derive an equilibrium relatiorsHtietween a country’s net foreign holdings
and its relative asset prices vis-a-vis an avex#geompetitor markets. The latter variable is
interpreted as an index of real effective exchaiages based on asset price deflators and can be
viewed as the price competitiveness of a countgsets. The empirical results are encouraging
in the sense that we find the two variables to diategrated in a panel of fifteen of the most
important global asset markets in the period fr@d83Lto 2012. We also show that the related
error correction equations have a straightforwam@hemic intuition: while the error correction
equation of this newly defined real effective fioa exchange rate investigates the influence of
risk premia on excess returns, thereby testingufarovered return parity, the error correction
equation of net foreign holdings informs about stees’ behavior with respect to portfolio
rebalancing and return chasing. Our empirical tessuiggest a better performance of the new
index than traditional real effective exchange gatased on goods market prices, which have

been applied in the literature so far. A numberrabustness checks such as sub-sample

19 We also tested for the influence of the distaragable in the error correction equation of the edtective
financial exchange rate revealing also little emkefor its importance. The results are availatenfthe authors
upon request.
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estimation or the consideration of information soate also performed, confirming the major

results.
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Table 1.Countries’ weights in the real effective finan@alchange rate
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Spair 05% | 0.9% | 2.2% 13.9% | 0.0%| 21.4% 0.1% 47%  3.3% 00%.0% | 2.8% | 01% | 14.7% | 3559
Franct 02% | 0.2% | 2.4% 173% | 7.4%| 00% 0.7% 8.7%  6.4% 04%9.1% | 04% | 02% | 19.6% | 36.19

Hong Kong SAF | 2.0% 0.0% 2.8% 1.2% 0.1% 2.7% 0.0% 0.8% 8.7% 1.5%.0%0 | 0.0% 54% | 43.7% 31.19

ltaly 06% | 05% | 2.0% 12.1% | 3.7%| 19.8% 0.4% 0.0%  6.8% 08%.1% | 0.6% | 0.2% | 17.7% | 35.09
Japal 22% | 0.0% | 3.9% 32% 0.9%| 489 1.7% 22%  0.0% 0.2%.0%0 | 0.1% | 0.8% | 17.1% | 63.19
Korez 1.0% | 0.0% | 3.1% 1.6% 0.0%| 149 23% 12%  1.4% 0.0%.0%0 | 0.0% | 3.4% | 18.4% | 66.19
Mexicc 0.0% | 0.0% | 4.2% 0.4% 0.1%| 08% 0.0% 06% 0.2% 0.0%.0%0 | 0.0% | 0.1% | 13.4% | 80.09
Portuga 03% | 1.3% | 1.5% 71% 22.9% 9.9%  0.0% 6246  1.0% 0.0%.0% | 0.0% | 0.0% | 21.9% | 26.89

Singapor 38% | 01% | 2.1% 1.5% 0.2%| 1.89 1149 0.8% 8.5% 499%.1% | 0.0% | 0.0% | 19.1% | 45.89

United Kingdon | 26% | 0.4% | 1.9% 7.1% 2.4%| 93%W 5.3% 3.7% 10.8%  1.99%95% | 0.4% | 1.1% | 0.0% 52.89

United State 49% | 1.8% | 14.1% | 7.6% 3.0%| 8.8% 2.0% 3.8% 206%6  28%.6% | 0.3% | 1.4% | 27.3% | 0.0%
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Table 2 Estimation results of the error correction models
Panel data from 1993 to 2012 over a cross-sectiatbacountries

Panel A: Real Effective Financial Exchange Rate

Dependent Variable Arefer Anfh

Constant -0.004 0.009
(0.009) (0.031)

Error Correction -0.170 -0.091T
(0.035) (0.041)

Arefer., 0.118 -0.478
(0.061) (0.206)

Anfhey 0.046° -0.041
(0.021) (0.072)

R’-ad] 0.25 0.01

Notes: The second column reports estimation resiitise error correction equation (10), while thid column
reports results of equation (12) in the text., ) denote significance at the 10% (5%, 1%) level.

Panel B: Real Effective CPI Exchange Rate

Dependent Variable Areer, AInfh

Constant 0.003 0.003
(0.004) (0.031)

Error Correction -0.230 0.011
(0.038) (0.033)

Adreer.; 0.268" -0.377
(0.059) (0.444)

Anfhey 0.021 -0.127
(0.010) (0.073)

RC-ad] 0.26 -0.02

Notes: (", ) denote significance at the 10% (5%, 1%) level
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Table 3. Estimation results of the error correction modemg levels
Panel data from 1993 to 2012 over a cross-sectiatbacountries

Panel A: Real Effective Financial Exchange Rate

Dependent Variable AREFER ANFH;

Constant -0.844 0.003
(0.896) (0.073)

Error Correction -0.275 -0.048
(0.029) (0.055)

JREFER; 0.335 0.006
(0.053) (0.004)

ANFH.1 1.02 -0.407"
(0.864) (0.070)

R’-ad] 0.46 0.13

Notes: The second column reports estimation resiitise error correction equation (10), while thid column

reports results of equation (12) in the text.,” ) denote significance at the 10% (5%, 1%) level.

Panel B: Real Effective CPI Exchange Rate

Dependent Variable

AREER

ANFH;

Constant 0.334 0.015
(0.451) (0.073)
Error Correction -0.244 0.041
(0.038) (0.039)
/AREER, 0.329” 0.006
(0.059) (0.009)
ANFH,q 0.773 -0.457"
(0.416) (0.067)
R-adj 0.28 0.13

Notes: (", ) denote significance at the 10% (5%, 1%) level.
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Table 4 Subsample Estimation of the error correction nedsing logs
Panel data over a cross-section of 15 countries

Panel A: Real Effective Financial Exchange Rate

Sample 1993 — 2007 2008 — 2012
Dependent Variable Arefer, Anfh Arefer Anfh
Constant 0.010 0.016 -0.016 0.003
(0.012) (0.037) (0.009) (0.059)
Error Correction -0.253 -0.051 -0.146 -0.626"
(0.048) (0.035) (0.111) (0.225)
Arefer., 0.124 -0.565 0.137 -0.701
(0.073) (0.221) (0.129) (0.849)
Anfhey 0.058 0.106 0.028 -0.162
(0.028) (0.086) (0.026) (0.170)
R’-ad] 0.28 -0.03 0.46 0.25

Notes: The first column of each subsample repatisnation results of the error correction equafit®), while the
second column reports results of equation (12héntéxt. ( , ) denote significance at the 10% (5%, 1%) level.

Panel B: Real Effective CPI Exchange Rate

Sample 1993 — 2007 2008 — 2012
Dependent Variable Areer, Anfhy Areer, Anfhy
Constant 0.006 0.023 No cointegration
(0.005) (0.038)
Error Correction -0.261 0.008
(0.050) (0.039)
Areer. 0.280" -0.197
(0.072) (0.508)
Anfhey 0.015 0.019
(0.013) (0.089)
R*-adj. 0.24 -0.07

Notes: (", ) denote significance at the 10% (5%, 1%) level.
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Table 5. Error correction of net foreign holdings considgrairline distances

Panel data over a cross-section of 15 countrieg (Iistances)

Sample 1993 — 2012 1993 — 2007 2008 — 2012
Constant 0.008 0.019 0.012
(0.031) (0.038) (0.061)
Error Correction -0.004 -0.209 -2.689
(0.583) (0.507) (2.922)
Error Correction DIST; -0.010 0.019 0.232
(0.069) (0.060) (0.328)
JREFER, -0.479 -0.565 -0.733
(0.207) (0.222) (0.854)
ANFH, -0.041 0.109 -0.140
(0.072) (0.087) (0.173)
R adj 0.01 -0.03 0.24

Notes: The columns report estimation results ofaihgmented error correction equation (14) in tle t€,”

denote significance at the 10% (5%, 1%) level.
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Figure 1. Real effective exchange rates deflated by MSCl@RAtlvalues
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Notes: REFER denotes the real effective financiahange rate; REER denotes the standard real igffestchange
rate based on CPI deflators
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Figure 2. Standard deviations of real effective financialleuge rates
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