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Abstract

Carry trades are speculative activities which imgasimultaneously going short a low-rate currency
and long a high-rate currency. They are profitatsidong as the gains from interest rate differéntia
are not offset by exchange rate movements. In ghjger | investigate the dynamic relationships
amongst exchange rate changes, interest rate spaddtarry trades by means of a Markov-switching
vector autoregression model. | use regime-depenadgnise response functions to assess (1) how and
to what extent shocks to the interest rate difféaéand the bilateral exchange rate affect thegamy
trade; (2) the consequences of the unwinding ofydrecarry trade on the dollar-yen exchange rate.
Empirical evidence indicates the presence of aadled “carry trade” regime, whose timing is
consistent with the yen carry trade episodes ifledtiin the literature. Moreover, only when the
system is in the “carry trade” regime a shock i@ darry-to-risk ratio has a positive and signiftcan
effect on the net short positions in Japanese pentlae depreciation of the yen against the dodlar i
strong and persistent. Finally, a rising carryisirratio, which in turn reveals an increase in the
attractiveness of carry trades, leads to a sigmtficlepreciation of the yen only when the system is
the “carry-trade” regime
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1. Introduction

A currency carry trade is an investment strategyclwlinvolves selling money in low interest-rate
currencies — “funding currencies” — and investindnigh interest-rate currencies — “target curresicie

If the target currency does not depreciate vissathie funding currency during investment horizon,
then the investor earns at least the interestrdififeal.

According to economic theory, an investment stnategsed on exploiting differences in interest rates
across countries should yield no predictable mag “uncovered interest parity” (UIP) should hold.
In particular, according to the UIP condition therrg gains due to the interest-rate differentia ar
offset by a commensurate depreciation of the imest currency. However, empirically has been
shown that the reverse holds and in many caseermies with high interest rates tend to appreciate
while those with low interest rates depreciafhis violation of the UIP, named “forward premium
puzzle” by Fama (1984), is what makes the carrgetiarofitable on average. Moreover, carry trades
tend to be pursued only when the interest difféaéftetween target and the funding currencies is
wide enough to compensate for the foreign exchaisggebeing taken in the short to medium term. A
popular ex ante gauge of the attractiveness ofy daades is the carry-to-risk ratio (Galati et al.
(2007)). It adjusts the interest rate differenbiglithe risk of future exchange rate movements, eher
this risk is measured by the expected volatilitpygied by foreign exchange options) of the relevant
currency pair. Accordingly, a relatively low volii environment may increase the expected
profitability of carry trades, encouraging furttsgreculative positioning.

The carry trade has been increasingly attractiegatitention of the financial press over the last te
years as both market participants and monetaryodtids have agreed that the weakness of lower-
interest currencies and the unexpected enthusidsmrestors for high-yielding currencies have been
influenced by carry trade activities. In particylar the case of Japan, the availability of chaapdé
along with the relatively low volatility in the a@ncy has made the Japanese yen an ideal funding
currency. The Bank of International SettlementsSjBias been constantly monitoring the carry trade
activity throughout the years, providing a greaald#f evidence consistent with the presence of such
activity and showing that its effect on exchangesaan be significant, both in terms of trend end
terms of volatility.

This study investigates the relationship betweenJapanese yen US dollar bilateral exchange rate,
the interest rate differential and exchange ratatiity in order to understand the conditions unde
which carry trades tend to accumulate and then nohwihe focus is on the carry trade in Japanese
yen for a number of reasons. First, the yen icthieency most commonly cited by market participants

as the funding currency for carry trades; secoadad has had the lowest interest rates in the world

! See, for example, Burnside et al. (2006).

2 For instance, de Rato (2007) mentioned that thiey deade reflects low volatilities and large irgst rate
differentials, which has exerted downward pressureone of the lowest-interest currencies, the Jegmyen.
He also warned that the unwinding of the carry d@rqsitions could lead to rapid reversal movemefits
exchange rates.



for more than 10 years; finally, it has been showat the failure of UIP in low volatility environme

is mostly evident for the Japanese yen (Ichiuekamgima (2008)).

The discussion above has made clear that the tatg strategy is profitable only when particular
market conditions are fulfilled. In particular, patrades tend to be pursued only as long as thes ga
from interest rate differentials are not expectethé overwhelmed by exchange rate movements. For
this reason, a framework with constant parametas, (e.g., Nishigaki (2007)) does not seem to be
appropriate. To shed some light on the dynamictiogiships amongst interest rate differentials,
exchange rate changes and carry trades | take koMawitching vector autoregression (MS VAR)
approach. This setting has the attractive featbi@lowing the system to distinguish between phases
in which the carry trade strategy might be profitadnd phases in which the carry trade strategyimig
not be profitable. Central to the MS VAR approagthe use of regime-dependent impulse response
analysis, which traces out how fundamental distucba affect the variables in the model dependent
on the regime. Instead of one set of impulse respfunctions we have a set for each regime. In this
study | use regime-dependent impulse responseifmscto assess (1) how and to what extent shocks
to the interest rate differential and the bilategathange rate affect the yen carry trade; (2) the
consequences of the unwinding of the yen carryetrad the dollar-yen exchange rate. Empirical
evidence indicates the presence of a so-calledy'deade” regime, whose timing is consistent with
the yen carry trade episodes identified in thadiiere and whose features are compatible with the
presence of carry trade activities. The regime-ddpet impulse response analysis shows that only
when the system is in the “carry trade” regime ackhin the carry-to-risk ratio has a positive and
significant effect on the net short positions ipal@ese yen, while shocks to the bilateral exchaaige
returns affect the yen carry trade only in the sham in both regimes. Moreover, an increase in the
yen carry trade generally leads to a persistentedegiion of the yen against the dollar but in the
“carry-trade” regime such depreciation is stronged persistent. Finally, a rising carry-to-riskioat
which in turn reveals an increase in the attraocigs of carry trades, leads to a significant
depreciation of the yen only when the system thén“carry-trade” regime.

In order to shed further light on the impact tHa tnterest rate spread and exchange rate vglatilit
might have on the regime classification identifigdthe MS VAR, | also set up a simple probit model.
The estimation results confirm that the probabitifybeing in the “carry trade” regime is positively
affected by increasing interest rate spreads amgtively affected by foreign exchange rate risk
(measured by the realized volatility of the excharage).

The reminder paper is structured as follows. Sa@iprovides a brief review of the related literatu

In Section 3, a Markov-switching vector autoregi@ssnodel is presented together with a separate set
of regime-dependent impulse response functionsdoh regime. Section 4 describes the data sources
and defines the variable used in the model | spedihe main estimation results are presented in

Section 5 and Section 6 concludes.



2. UIP Failure and Carry Trades: a Brief Literature Review

There is a comprehensive literature in macroecoc®rand finance on the failure of UIP and the
forward premium puzzle, which deals implicitly withe mean return of the carry tradErom an
economic perspective the low empirical supporttf@r UIP theorem might be justified adducing the
presence of a risk premium or market inefficiendgnetheless, attempts to explain the forward bias
using models of risk premia (e.g. Cumby (1988), tbd(1989), and Bekaert et al. (1997)) have had
only limited success and studies focussing onratere explanations such as learning, peso problems
and bubbles (e.g. Lewis (1995)), consumption-basset pricing theories (e.g. Backus et al. (1993),
Bekaert (1996)), and term-structure models (e.gkBs et al. (2001), have not been able to provide
convincing explanations for the forward premium gazMore recently, Bacchetta and van Wincoop
(2007) ascribe the failure of UIP to infrequentis@ns of investor portfolio decisions.

While market evidence suggests that carry tradesttze most widely used currency speculation
strategy (e.g. Galati and Melvin (2004)), receradmmic research largely supports the existence of
limits to speculation. Sarno et al. (2006) and Igaiand Kilic (2006) investigate the relationship
between spot and forward rates in a smooth transitegression framework. Both articles provide
empirical evidence that deviations from the UIPplig significant nonlinearities but show that
(expected) deviations from UIP are too small toaatt speculative capital. Furthermore, Burnside et
al. (2006) argue that the existence of transactimmis and price pressure drastically reduce thenst

to currency speculatiohThe recent study of Wagner (2008) adds to thiadiraf literature and tests
the speculative efficiency of currency markets lsgessing the economic significance of currency
speculation profits. The author finds support foeculative UIP and the existence of a risk-premium
but shows that currency speculation does not yeelohomically significant excess returns, which
suggests that foreign exchange markets are speelyatfficient.

The analysis of Brunnermeier et al. (2008) examiesgirically the skewness of exchange rate
movements conditional on the interest rate diffeagni.e. on the crash risk of carry trade strasg
The authors provide evidence consistent with arthéwat currency crashes are often the result of
endogenous unwinding of carry trade activity whighd to occur in periods in which risk appetite and
funding liquidity decrease. Bhansali (2007) prosgidevidence supporting a positive relationship
between currency volatility and the carry trade doduments that option based carry trades yield
excess returns. The link between exchange ratdilitgland build-up of carry trade positions is @ls
acknowledged in a recent study of Ichiue and Koyd&@)8). They estimate a regime-switching
model of currency returns to examine how volatiliffect the failure of UIP and find that in a low-

volatility environment, the carry trade and its idapunwinding do influence exchange rates

% Surveys of the literature include Froot and Th#190), Taylor (1995), Engel (1996) and Sarno &aglor
(2003).

* The Sharpe ratio is the risk-adjusted return ofaaset; typically, it is the return of an asseatieé to a
benchmark asset, weighted by the standard deviafiercess return.
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substantially. In particular, they introduce arenett rate differential as state-dependent regrésso
univariate four-regime model, in which the stateialsles are not necessarily perfectly dependent nor
independent. Four main findings are presentedair g8tudy: first, regime switches in exchange rate
returns should be interpreted as switches in tihetioaship between the returns and interest rate
differentials, which, in turn, might be read as tstwes between the carry trade and its unwinding;
second, currencies featuring low interest ratesemmue less frequently compared to the high-istere
rate ones, but once it occurs, the appreciatidaster than the depreciation. This may be dueéo th
fact that the former is influenced by an unwindioigthe carry trade. Third, a low exchange rate
volatility tends to cause the UIP to fail and vie@sa. In particular, the authors find that théufai of

the UIP contributes to maintaining a lower-vol#ilenvironment, which might entail that a high
volatility does not tend to occur until an unwingliof the carry trade. Finally, the second and third
findings turns out to be more evident for shorteatumties, validating the idea that UIP failure is
indeed affected by short-term speculations. Gagamah Chaboud (2007) use a broad range of data
sources to explore the carry trade in Japaneseagdrdevoted special attention to the most recent
episodes in which yen carry trades are commonlgrted to have unwound rapidly (October 1998,
May 2006 and February 2007), linking the crashebdlance sheet data of the offcial sector, the
Japanese banking sector and households. Galdti(@¢0a7) and McGuire and Upper (2007) employ
several datasets, including the BIS internatiorsalking statistics and data on turnover in foreign
exchange markets, looking for evidence on the itgpae of global carry trades. They cautiously
conclude that the analysed data did shed lightpeciBc market segments where carry trade activity
was likely to be evident. Klitgaard and Weir (20Q4e weekly net position data on futures traded on
the Chicago Mercantile Exchange — the same usétisrpaper - and document a contemporaneous
relationship between weekly changes in speculatetspositions and exchange rate movements. The
paper of Nishigaki (2007) focuses on the US an@dage financial markets and addresses two issues.
First, it identifies the financial factors that lea& significant role in explaining the yen cargdi: the
change in interest rate differential and the changavestors™ risk aversion; second, it explones t
consequences of carry trade unwinding by constrgcta six-dimensional structural vector
autoregression model with monthly data from Janu93 to January 2007. The author's main
conclusion is threefold. First, the interest raiffetential between the US and Japan does not
significantly affect the movement of the yen catrade. According to Nishigaki (2007), this
apparently counterintuitive result might reflecetfact that the spread between Japanese and US
interest rates is so wide that an interest raferdifitial shock would ultimately leave the attreetiess

of the carry trade unaffected. Second, the findn@aable that can have a dominant impact on the
yen carry trade is the US stock price and finalthge carry trade has a significant impact on the
exchange rate. Evidence of substantial speculatinfiows, through carry trades, which complicates
the outlook for the Japanese currency, is alsodanwinters (2008). The author develops a poufoli

model to address the underlying motivation for tamutflows from Japan over the past ten years and



devotes special attention to the carry trade ireiotd understand its role on the yen’s ongoing
weakness. The evidence presented in the papersagdat part of the capital outflows has indeed
speculative nature and is related to Japan’s l@lyiand a potential decline in risk aversion by
investors.

This study takes the analysis of Nishigaki (2008fep forward and, in line with the work of Ichiue
and Koyama (2008) investigates the relationship among exchange refierns, exchange rate
volatility, and interest rate differentials in amlnear context. In particular, in order to alldahe
system to distinguish between phases in which #iney drade strategy might be profitable and phases
in which the carry trade strategy might not be ipabfe, | estimate a MS VAR model and calculate
regime-dependent impulse response functions t@ toat how fundamental disturbances affect the

variables in the model dependent on the regime.

3. The Econometric Model
3.1 A Markov-switching Vector Autoregression Model

Define Y, as a vector oK endogenous variables explained by an interagpgt, autoregressive terms
and a residuale. Moreover,S = {1 . . M} is a M-state unobserved variable, following a first order
Markov Chain. Finally, the probability of being nregimej next period conditional on the current

regimei is assumed to be exogenous and constant.
Prs. = isa = s =1)= 5, (1)
In an M-state model such conditional probabilites collected into an (M x M) transition matrix,

P P 0 P

P= :0:21 :0:22 102:M (2)

Pur Pmz 7 Pum

Equation (3) represents the most general specditatf a Markov-switching vector autoregressive

model (MS VAR) ,where all parameters of the autorsgion are allowed to switch between regimes

® Ichiue and Koyama (2008) focus on how exchange vatatility influences the failure of UIP by usiray
univariate regime-switching model of currency raturThe analysis carried out in this paper invastg the
dynamic relationships amongst exchange rate charngtesest rate spreads and carry trades by mefas o
Markov-switching vector autoregression model.



so each of the M regimes is characterised by ardept ,c;, autoregressive ternBy;, ...B, and a

matrix A,.

C,+B Y, +...+ By X, +Ag if s =1
Y, = : (3
CM+BlMYt—1+"'+BpMXt—p+AMeI if s =M

e, ON(O, 1)
g is a K-dimensional vector of fundamental distudemwhich are assumed to be normally distributed
and uncorrelated. The variance of each fundameligadrbance is normalized to unity to give the
identity variance-covariance matrix. HowevEr, the variance-covariance matrix of the residéeds
will still be regime dependent as the fundamentatudbances are premultiplied by the regime-
dependent matriR,.
Estimation of a Markov-switching model entails joastimation of all the parameters and the hidden
Markov chain followed by the regimes. Given theursove nature of the likelihood function, i.e.
optimal inference in the current period dependghenoptimal inference in the previous period, the
model is recursively estimated by means of the Exgti®ons-Maximization (EM) algorithm (Hamilton
(1990) and Krolzig (1997)). Starting from the undtional density ofY, which is calculated by

summing conditional densities over possible vafoe§

f 11,0 =2 P(S =].Y [1,,0) (4)

i1

whereli-; = (Yuq, . . ., Y1) denoting the information set available in t-1e tmaximum likelihood

estimate of the paramete®®, is obtained by maximizing the log-likelihood:

L(©) = Y In(f (Y, |1,,.0)) ©

A

Besides estimates of the parameters associatedagth regime{\?i X I_saﬂ ,...,B ii} fori=1, .., M

pi
and the transition probability matrixf? , the EM algorithm allows to construct the so-aakdenoothed
probabilities,g?i't =Pr@§ =i), fori =1, ..., Mandt =1, ..., T, an optimal inference of the hidden
Markov chain followed by the regime.

The focus of my analysis is the relationship betwie fundamental disturbances and the endogenous

variables for each regime. As the EM algorithm givanly estimates of the variance-covariance



matrices,, ..., Zy, it iS necessary to impose restrictions on theampater estimates from the
unrestricted model in order to identify the matsick,, ..., A,. Here | chose the recursive
identification scheme derived by Sims (1980), whie endogenous variables are ordered and it is
assumed that the structural disturbance to a Jertes only contemporaneous effects on the variable
itself and on variables ordered below it. For ex@npn a three variables system the second
disturbance has only contemporaneous effects orsé¢leend and the third endogenous variables.

Under this identification procedure the matAx is lower triangular and exactly identified. In ghi

studyAi is identified by a Choleski decomposition of théreated matrixii .

3.2 Regime-dependent Impulse Response Functions

Standard impulse response analysis describes r®enitiogenous variables in the model react to the
fundamental disturbances. One way to extend thicequt to a Markov-switching framework is to
define the regime-dependent impulse response GmcfiRFs). This describes the relationship
between endogenous variables and fundamental laistaes within regimes. Regime-dependent IRFs
are conditional on the regime prevailing at theetiofi the disturbance and throughout the duration of
the response. The plausibility of regime conditigndepends on two factors: the time horizon of the
impulse response and the expected duration of ¢héme. As long as the time horizon is not
excessively long and the transition matrix indisategimes which are persistent then the conditgpnin
is valid and regime-dependent IRFs are a usefuj/tice tool. When the considered time horizon are
relatively long and characterized by frequent regiswitches, it would be more correct to calculate
the Generalized IRFs of Koop, Pesaran and Pot®6(] which condition on the expected path of the
regime throughout the response. However, the auditiinformation contained into the Generalized
IRFs is limited when regime switches are exogeramasregimes are persistent.

In the general model described above, thereMi#é regime-dependent IRFs, each one being the
reaction of theK variables to the&K disturbances iM regimes. Equation (6) defines the regime-

dependent IRFs for reginmga series oK-dimensional response vector&,..., &n.

OEY,.,

=g, forh=0
oe,, kih (6)

§ = =S

Estimates of the response vectors can be derivedinpining the parameter estimates of the Markov-
switching reduced model with the estimate of thetr'maAi, obtained through the identification

scheme described above.



The precision of the estimated IRFs is gauged bgl@ying standard bootstrapping techniques, taking
into account that in a Markov-switching framewohle tbootstrapping is complicated by the presence

of the hidden Markov chain determining the regime.

4. Data and Definitions

The analysis is carried out using monthly data fttanuary 1986 to April 2008, with a total of 268
observations. In particular, | collected end-of-thodata for the yen/dollar bilateral spot excharage
and 3-month LIBOR interest rates. Exchange rates ymn-denominated and interest rates are
expressed at annual rates. As a measure of exchategeolatility | employed the realized volatility
calculated as the standard deviation of the datyrns within a month. All data are from Global

Insight. Graphs of the exchange rates and intesigss are shown in Figure 1.

Figure 1: Japan and US: Exchange Rates and Interesates

Yen/USD spot exchange rate
200

180

160

140

120

100

80

T T T T T T T T T T T T T T T T T T T T T T
86 87 88 89 90 91 92 93 94 95 96 97 98 99 00 01 02 03 04 05 06 07

Japan: 3-month interest rate

T T T T T T T T T T T T T T T T T T T T T T
86 87 88 89 90 91 92 93 94 95 96 97 98 99 00 01 02 03 04 05 06 07

US: 3-month interest rate

T T T T T T T T T T T T T T T T T T T T T T
86 87 88 89 90 91 92 93 94 95 96 97 98 99 00 01 02 03 04 05 06 07



Letr =S, _-—S, wherest is the logarithm of the yen exchange rate, defiaedhe price of one US
n +n n
dollar in units of Japanese yen asrgdis its realization at timé+n. Thereforey can be interpreted as
+n n

currency returns.

As a proxy for carry trade activity | use the nshdrt minus long) positions of speculators (non-
commercial investors) on the Japanese yen futueekentraded on the Chicago Mercantile Exchange
(CME). The data are published in the weekly Comraitta of Traders Report released by the US
Commodity Futures Trading Commission (CFTC) and awailable from 1988.In my monthly
analysis, | use the last available CFTC positicyort for each month. A positive net position is
economically equivalent to a currency trade wheee WS dollar is the investment currency and the
Japanese yen is the funding currency, and, indegd,speculators implement the carry trade by
actually borrowing and trading in the spot curremagirket. However, it is worth noting that the
position data should be interpreted with cautiansfmumber of reasons. First, the distinction betwe
commercial and non-commercial traders might nosherp: while the latter are generally associated
with speculative activity, it is possible that soc@mmercial traders also take speculative positions
second, the trades identified as speculative mayesalt from carry trades; finally, a comparisorthw
statistics from the BIS Triennial Central Bank Saywof Foreign Exchange and Derivatives Market
Activity shows that only a small proportion of fage exchange market activity is executed through
exchange$.Despite all the abovementioned caveats, the positata is the best publicly available
data and it gives a sense of the direction of tfadepeculator§.

Figure 2 shows that non-commercial short yen pmsthave been at record highs in the first half of
2007 and experienced a reduction in March and Augfuthe same year. Most recent data show that
net long non-commercial positions in the yen westalgished relative to the U.S. dollar in November
2007 and throughout the first four months of 2008 se speculative positions have matched changes
in the U.S.-dollar/yen exchange rate quite closklghlighting the role of carry trades as a likely
contributor to the weakness of the yen.

Interest rate differentials and exchange ratearskthe two main factors underlying the profitapiof

the carry trade. In particular, widening intereater spreads between the funding and the target
currencies increase the attractiveness of thisegfyavhile increasing currency volatility, a profor

the exchange rate risk, contributes to dampen it.

® The Commitments of Traders Report distinguishearercial and non-commercial (speculative) positions
the International Money Market. In the case of pesitions, commercial positions are generally tha&en for
hedging currency exposure incurred through businpssations, while non-commercial positions ares¢hthat
generally reflect the speculative positioning ofastors.

" For further details see Galati et al. (2007).

8 Klitgaard and Weir (2004) make use of weekly negifion data on futures traded on the CME and decura
contemporaneous relationship between weekly changgseculators' net positions and exchange raiemo
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Figure 2: Net Speculative Positions in the US Doltaren
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A popular indicator of the ex-ante profitability ¢ie carry trade is the carry-to-risk ratio. This
measure adjusts the interest rate differentialheyrisk of future exchange rate movements and it is
defined as the interest rate differential (3-mantkrest rate differential between the high-yietdand
low-yielding currencies) divided by the implied atlity of the respective bilateral exchange rate (
proxy for expected exchange rate movemehBy).this measure, from 2004 to early 2007, yenycarr
trades could have been viewed as an increasingbfitggrle investment strategy by market
participants.

The parsimonious set of variables described abetWi@as the VAR model | estimate to shed some

light on the dynamic relationship between the yeltéd exchange rate and the carry trade.

5. Estimation Results:

5.1 Preliminary Analysis: Unit Root Tests and ermkefrom a conventional VAR

Prior to conducting the VAR analysis, | tested tinder of integration of the variables includedhe t
model by means of several unit root tests. Theltsestiboth the augmented Dickey-Fuller (ADF) and
Phillips-Perron (PP) tests, reported in Table M1Appendix A, reject the null of non-stationarity,
indicating that all the series are 1(0). This akotw rule out the presence of cointegration.

Next, in order to get some initial feedback on shéability of the rather parsimonious specificatio

chose as well as for comparison purposes withdbelts of the Markov-switching specification, kstir

° Due to the lack of data for the implied volatilityused a 3-month moving average of the realizgdtility
instead.
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estimate a conventional 3-variable VAR model inalgd(1) the carry to risk ratio, (2) the net short
yen positions, (3) the exchange rate returns. @gddngth was chosen to be three, in line with the
results of the Hannan-Quinn information criterion.

In order to assess how and to what extent the emibag variables in the model react to the
fundamental disturbances, impulse response analgsisonducted. The impulse responses are
identified by imposing a recursive structure on tiedel based on a Choleski decomposition with the
ordering carry-to-risk ratio, net yen positions d@he exchange rate returns. Such a structure r@hes
the assumption that shocks to the carry-to-risio reduse contemporaneous changes in the variables
ordered below it but shocks to the other two endoge variables do not affect the VAR innovation
of the carry-to-risk ratio. Figure 1 displays themplete set of impulse responses over a 20-month

horizon together with £2 Monte Carlo standard exror

Figure 1: Impulse Response Functions
(Conventional VAR)
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Note Each row shows the responses of one variabldl tihea shocks: from top to bottom, carry-to-riskioa short net
positions, exchange rate returns; each column septe a shock: from left to right, carry-to-riskisashort net positions,
exchange rate returns.
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With regard to the carry-to-risk ratio shock (Shbgck a larger/smaller ratio, namely an
increase/decrease in the attractiveness of thg trade strategy, is expected to boost/dampenéghe n
yen positions. Moreover, an higher/lower carryibr ratio is expected to cause a
depreciation/appreciation of yen against the dolla the carry trade channel. Panels 2 and 3dn th
first column of Figure 1 confirm the expected eféeand the statistical significance of the respaise
the exchange rate returns to Shock 1. The signifieaf the response of the net positions is lesar cl
to assess: in particular, the effect is only sigaift in the first month and between the fourth tred
twelfth month. It is worth noticing that althouglo noot lies outside the unit circle and therefdre t
VAR satisfies the stability condition, convergemeeblems in the responses to Shock 1 arise from the
relatively high persistence exhibited by the semésthe carry-to-risk ratio (stemming from the
dynamics of the interest rate differential). Sudowly decaying impulse responses have been
observed in similar empirical studies in the litara, e.g. Castren, Osbat and Sydow (2006) and Froo
and Ramadorai (2005). Other studies (e.g. Nishi¢2b07)) use first differences of the interest rate
differential, to possibly circumvent this problemtlthe outcome of such specification is clearly enor
difficult to interpret.

In order to describe the consequences of the urmgraf the yen carry trade, it is interesting taus

on the impulse response of the exchange rate setarshock in the net short yen positions (Shock 3)
shown in the second panel of the last row of Figur&€he graph reveals that positions shocks have a
significant impact on the yen/USD exchange ratgdrticular, an increase in the volume of yen carry
trades will cause a sharp and persistent depregiafithe yen against the dollar. This implies tuat
unwinding would generally lead to a depreciationtted higher-interest currency (the dollar) with

respect to the lower-interest rate currency (th@.ye
5.2 Evidence from the MS VAR

The next step consists in the estimation of anstncted Markov-switching VAR, including (1) the
carry to risk ratio, (2) net short yen positionsl 8) exchange rate returtfd. assume the existence of
two distinct regimes and allow intercepts, autogsgive parameters, variances and covariances to all
switch between regimes. The lag length was chasée three, to ensure that the residuals are Igerial
uncorrelated.

The estimation results support the following tréiosimatrix for the two regimes.

5 _[0.951 0056
0.049 0.944

19 Estimates are performed using the MSVARIib (Vens2o0) library for GAUSS by Benoit Bellone.
13



The regimes are estimated to be very persistett, exipected durations of approximately 20 and 18
months, respectively. Given that the estimated ratilews all parameters to be state-dependent, a
first step towards characterizing the regime igliserve the estimated smoothed probabilities afgoei

in a given regime. Figure 2 plots the variablesveht in explaining the yen carry trade togetheh wi
the smooth probabilities of being in regime 2: dirst look, the developments of the carry-to-risk
ratio, net positions and bilateral exchange ratavsbome consistency with the regime classification
tracked by the MS VAR and the correlation coefiitgbetween the carry-to-risk ratio and the net
positions with the estimated regime probabilitipanel 3) turned out to be rather high: 0.75 and,0.5
respectively. The timing of the regimes alreadyegia first indication about how they differ frontka
other. Whereas between the beginning of 1995 ated 1898 no regime switch has occurred, the
regimes have been switching more frequently up@012 end of 1998, mid-1999 and early 2001.
Between 2002 and the end of the sample two additimygime switches occurred: one at the end of
2004 and one in mid-2007. In the following | wititto relate the optimal inference of the hidden
Markov chain followed by the regime to the episodégen carry trades that have been identified in
the literature.

The period of dollar strength against the yen taat started in spring 1995 continued until summer
1998 (Figure 2, bottom panel). The weakening of Xapanese currency persisted despite the joint
intervention of the U.S. Treasury and the Japans#inof Finance on the foreign exchange market in
June 1998. Over three years, the dollar thus ajgpeecby 70 per cent against the yen, underpinged b
continuing signs of robust economic growth in th® &hd persistent indications of weak growth in
Japan. Following the Russian crisis, the US mowgedathorities lowered interest rates in three steps
between September and November 1998 and the gdlliaged heavily in two stages. With respect to
the Japanese currency, the dollar depreciated dayt @oper cent between August 27 and September 7

and on October 7 and 8 took an unprecedentedyfdtidsing more than 13 per cent.
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Figure 2: Net Short Yen Positions and Smoothed Pralbilities
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At the same time, the surge in the yen/dollar emgbarate volatility suggests that uncertainty about
future movements in the yen/dollar rate rose sulisiy (Figure 3). Factors related to cyclical
developments and other economic fundamentals dappmar to explain either the dollar’s plunge or
the unusual steepness of the dollar’s fall against yen occurred in early October 1998. Such
developments may have been caused instead by ¢atfewtors unrelated to developments in the real
economy but driven by specific market condition.(ihigh currency volatility, wide US-Japan

interest rate spread).
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Figure 3: Yen/Dollar Exchange Rate and Realized Vatility
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Note The horizontal line refers to the January 199%xil 2008 average of the realized volatility

One possible explanation is that in September actok@r highly leveraged hedge funds may have
closed large short yen positions built up previguislan effort to take advantage of the low finaugci
cost in that currency (the average interest rateagpwas roughly 5 percentage points). The massive
unwinding of these yen carry trades could haveipiteted the dollar’'s decline. This episode of
reversal of carry trade positions is captured leyrtiodel, as shown in the third panel of Figurelie T
strength of the yen and the intermediate positiothe US dollar characterized the foreign exchange
markets in 1999 and early 2000, primarily determibg the interaction of current and prospective
relative cyclical positions, along with technicakfors. The yen’'s sharp appreciation against the US
dollar after June 1999 can to some extent be at&ibto a narrowing of expected growth differestial
between the two countries but technical factorshinglso help explain part of the exchange rate
dynamics. In particular, the unwinding of yen camgdes as the yen trended upwards after June 1999
may at times have exacerbate the yen’'s strengthei8alient features in the yen/dollar foreign
exchange markets between January 2002 and the sarhths of 2004 were the continued
depreciation of the US dollar and the several uations of Japanese authorities to limit the yen
appreciation. In this context, interest rate ddfdials re-emerged as an important factor behind
exchange rate movements, with the US-Japan spredidkiag to its historical minimum. One
mechanism through which current and prospectiverést differentials influenced exchange rates was
the carry trade, mechanism facilitating invest@sarch for yield. Based on the evidence from both
market commentary and the Triennial Central Bankv&y which shows that foreign exchange
trading rose most strongly between banks and finhraustomers, carry trades appear to have
underpinned the appreciation of a number of cuiesnagainst the US dollar and the yen (both

regarded as funding currencies) in the course df @902-late 2004. Similarly, the unwinding of
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such trades in reaction to changes in expecteddli8ypates in early 2005 may have contributed to
the rebound of the dollar.

Over most of 2005 and the first months of 2006regerate differentials continued to be a major
determinant of exchange rate movements, with they tieade still being the most popular speculation
strategy on the currency markets. The strengthesfitige dollar against the yen during most of 2005
reflected the impact of the progressive tightertigghe Federal Reserve on interest rate differksntia
Market commentary pointed to the yen as one ofntlagor funding currencies in 2005, while the
dollar switched from being a funding currency ttagget currency as the tightening cycle of the US
monetary authorities continued. During this periasl US interest rates increased steadily, borrowing
in yen and investing in dollar-denominated assepeared to be increasingly attractive.

In a context of historically low exchange rate Vilitg (Figure 3) and large US-Japan interest rate
differential, the continuing build-up of carry tesl was an important mechanism through which
interest rate differentials played a role throughthe rest of 2006 and part of 2007 and arguably
supported the appreciation of the target currensies the US dollar. The carry-to-risk ratio (Figur
2, first panel), which measure interest rate diffdials adjusted for the expected currency risk,
highlights that for most of 2006 and early 2007 ttery trades funded by the yen were particularly
attractive, underpinned by high interest rate difféials and low exchange rate volatility. Profiligjp

fell in February 2007 in correspondence to a sumgihe financial market volatility. Data on open
positions in foreign exchange futures traded onGME are consistent with yen carry trade volumes
rising sharply in 2005 and 2006 but falling at émel of February 2007.

The yen/dollar exchange rate experienced a submtamtrease in volatility in the second half of
2007. Consequently, carry trades were unwound,wleid to some reversal of the previous exchange
rate trends for the currencies involved. In paféicuhe yen did appreciate substantially starimthe
latter half of 2007. As carry trades became les$sacive (the yen/dollar carry-to-risk ratio fell
substantially from July onwards, largely reflectittge spike in volatility), prevailing interest rate
differentials became less of a focal point for nedarticipants.

The regime classification obtained by means oMI$ VAR (Figure 2, second panel) seems indeed to
be consistent with the empirical evidence on caage episodes. In particular, the identified regin
comes close to a so-called “carry-trade” regimepsehtiming is matches with the carry trade episodes
identified in the literature. In the next paragrapgstrictions are imposed on the parameters estéma
to derive a separate structural form for each regifrom which the regime-dependent IRFs can be
calculated. IRFs can give valuable insight into ¢haracteristics of regimes in a Markov-switching

model.
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5.3 Evidence from regime-dependent impulse resgonstons

In the following, | identify the impulse responsieg imposing a recursive structure of the model,
assuming that the fundamental disturbance to abfarihas only contemporaneous effects on the
variable itself and on the variable ordered belovwnithe model | estimate the variables are omdlase
follows: carry-to-risk ratio, net yen positions ath@ exchange rate returns. This ordering imphes: t
(a) the carry-to-risk ratio is exogenous to theeotbariables, (b) the investors” speculative yemyca
trade depends on the carry-to-risk ratio (c), tkehange rate return can react to all the otheaibes
but cannot affect them within the same month.

Two sets of regime-dependent impulse response itunscttogether with the 95% (bootstrap)
confidence bandSare displayed in Figures 4a and Figure 4b, wheeelgft-hand column refers to
regime 1 and the right-hand column refers to regdn®bviously, the impulse responses obtained
from the conventional VAR are an average of thostioed for the two separate regimes, but a
number of differences are noticeable across regimesrms of both their magnitude and persistence.
Figure 4a plots the responses of the yen positiorghocks on all the variables of the system. The
conventional VAR results indicated that the spetowdapositions are positively affected by a
fundamental shock in the carry-to-risk ratio bug #ignificance of such impact is rather uncertain.
more comprehensive picture is indeed offered byrégime-dependent IRFs, which show that only
when the system is in regime 2 (the “carry tradegjime), a shock in the carry-to-risk ratio has a
positive effect on the net short positions in Jasanyen (row 1, Figure 4a), effect which remains
significant for seven months before fading awayilevtvhen the system is in regime 1 an increase in
the carry-to-risk ratio has no impact on the yemyctade. Moreover, a positive shock to the net ye
positions has a positive effect on the net yentpos in both states but such effect becomes
insignificant four months after the shock when slystem is in regime 1 while is persistent when the
system is in regime 2 (row 2, Figure 4a). Finaflyyen depreciation leads to a slight increaseen th
carry trade volumes in both states, but such efiecomes insignificant three and four months after
the shock in state 1 and state 2, respectively @okigure 4a).

In order to describe the consequences of the umgnof the yen carry trade, Figure 4b plots the
responses of yen/UDS exchange rate returns to shmchkll the variables of the system. In line with
the results of the conventional VAR an increasthéyen carry trade leads to a persistent depieciat
of the yen against the dollar but both the magmitadd the timing of the responses differ across
states. In particular, after the fourth month fallog the shock, in regime 2 the depreciation ofythe

is stronger and more persistent then in regimehkravthe IRF becomes insignificant 9 months after
the shock (row 2, Figure 4b).

™ The 95% confidence intervals are constructed bynsed bootstrap simulation in order to account fedr
tails, skewness and other non-Gaussian featurésedistribution of the regime-dependent impulsspomses.
In this context, it would not have been approprititecalculate the error bands ky1.96*(standard error)
because this is an approximation of the 0.025 a@@0quantiles of the standard Gaussian distribudidy.

18



Figure 4a: Responses of the Net Short Yen Positions
(MS VAR)
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One last piece of evidence can be gained by lookinthe responses of yen/USD exchange rate

returns to shocks on the carry-to-risk ratio. Ag#ive evidence from the conventional VAR showed a

positive and persistent effect of shocks to theye@r-risk ratio to the yen/USD exchange rate but

additional insight can be gained looking at theimegdependent IRFs. The first row of Figure 4b

shows that the yen significantly and persistendprédciates after a positive shock to the carrysio-r

ratio when the system is in regime 2 while theredssignificant effect when the system is in regime

1.
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Figure 4b: Responses of the Yen/USD Returns
(MS VAR)
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In other words, a rising carry-to-risk ratio, whighturn reveals an increase in the attractiverdéss
carry trades, leads to a significant depreciatibthe yen only when the system is in the “carrgé’a
regime.

To sum up, these findings validate the usefulnéssrmn-linear approach to shed further light om th

dynamic relationship between exchange rates amy tade.
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The estimated MS VAR allows to distinguish phaseswvhich the carry trade strategy might be
profitable from phases in which such a strategyhmigot be profitable is not and models the
relationship between endogenous variables and foedel disturbances accordingly. The evidence
provided is in line with the notion that the catrgde unwinding will have a significant impact ¢t

exchange rate market by causing a significant @nsigient appreciation of the funding currency with

respect to the target currency.

5.4 Disentangling the effects of interest rate adrand volatility: evidence from a small probit nabd

The aim of this section is to explore the relatfopdetween the regime classification identifiecttoy

MS VAR and the variables included in the model.dgithe discrete nature of the dependent variable,
the regime classification, which can only take atues of 0 (for regime 1) and 1 (for regime 2), a
simple linear regression of the endogenous variablthe set of regressors is not appropriate. daste

| adopt a probit specification, designed to hanttle specific requirements of binary dependent
variables. In a probit model, the dependent vagiabhhy take on only two values — might be a
dummy variable representing the occurrence of amtevhe interest lies in modelling the probability
of observing a certain event, which, in the conteithis paper, is the materializing of the “carry
trade” state. Here the (binary) dependent variableonstructed on the basis of the smoothed
probabilities estimated by means of the MS VAR. garticular, being Pr(s(t)) the smoothed
probabilities of being in State 2 (the “carry tradete), the endogenous variable of the probitehod
yi, takes value one when Pr(s(t)=2]I(t)) > 0.5 and p¢herwise.

I modelled the probability of the system of beingthe “carry trade” regime on two different sets of
explanatory variables: the first one includes taeycto-risk ratio and the exchange rate returdg on
(Specification 1), the second one includes therasterate spread, the exchange rate volatility and
exchange rate returns (Specification 2). The lapecification disentangles the carry-to-risk ratio

its two components aiming at shedding further lightthe impact of such variables on the regime
classification. The estimation results of both djpeations are displayed in Table 1.

The LR statistic tests the joint null hypothesiatthll slope coefficients except the constant are.z
This statistic, which is used to test the over@hiicance of the model, clearly rejects the null
hypothesis in both specifications.

Turning to the interpretation of the coefficientiues, in Specification 1 the carry-to-risk ratiosha
significant explanatory power with respect to tegime classification while the exchange rate return
have not. Moreover, the sign of tfiecoefficient determines univocally the directiontioé effect of a
change in each regressgrin Specification 1, the positive value of thergeo-risk ratio coefficient
implies that increasing carry-to-risk ratio, hemegher attractiveness of carry trades, will inceetise

probability of being in the “carry trade” state. eBfiication 2 identifies a significant relationship
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between all the regressors and the probabilityeifidpin State 2. Moreover, the negative value ef th
exchange rate volatility coefficient implies thatcieasing volatility will significantlydecreasethe
probability of entering the “carry trade” state. @re other hand, the positive interest rate spread
coefficient implies that a widening differentialtbeen US and Japan will significantly increase the

probability of being in the “carry trade” regime.

Table 1: Probit models for the regime classificatio of State 2
(Sample: April 1986 — April 2008)

Specification 1] Specification 2
Constant -2.63%** -1.81%**
(0.318) (0.372)
Carry-to-risk ratio 0.52%**
(0.058)
Interest rate spread 0.81%**
(0.085)
Exchange rate volatility -1.30%**
(0.472)
Exchange rate returng 0.028 0.04**
(0.018) (0.018)
Log Likelihood -76.010 -0.302
LR statistic 214.8910 206.609
Prob(LR statistic) 0.000000 0.000000

Notes The entries in brackets are standard errorsgAifsgant level of 10%, 5% and 1% is presented p¥*
and ***, respectively. The dependent variable i finobability of being in the “carry trade” regime.

These results further validate the notion thatattectiveness of carry trades is positively atddby
increasing interest rate spreads and negativedgt@ifl by the risk of future exchange rate movements
where this risk here is proxied by the realizedtility of the yen/USD exchange rate.

In a probit model, the effect of marginal changesme regressok;, on the conditional probability is

a nonlinear functions of both the parameter estisand the levels of the explanatory variables.

Consequently, it cannot be inferred directly frdra parameter estimates and is calculated as follows
0E(y,|%,B) '

EMR.A) _ (=% B)B, (7)

ox;

wheref(x) = dF(x)/dx is the density function corresponding®othe cumulative distribution function
of the standard normal distributior, is a vector of regressors anglis a vector of estimated
coefficients. Figure 5 shows the marginal effecthaf interest rate spread and exchange rate viylatil

calculated on the basis of the estimation restil&pecification 2.

22



Figure 5: Marginal effects on the conditional probdility
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Two additional pieces of evidence can be drawn ffégure 5: first, throughout the whole sample
period the impact of changes in the interest rpteal on the conditional probability of being ir th
“carry trade” state is twice as strong as the impdchanges in exchange rate volatility; secohd, t
marginal effect of the realized volatility increasa correspondence of episodes of high excharige ra
volatility (e.g. early 1995; 1998; mid 2007) indicey that the weight of the exchange rate risk on

speculative decisions becomes higher in periodstieg high exchange rate market volatility.

6. Concluding remarks

The UIP theorem has had very little empirical suppeer the past 25 years. Moreover, it has been
shown that high-rate currencies have tended toegfie and low-rate currencies to depreciate, the
reverse of theory. The failure of UIP has beenewet to participants in currency markets, wheee th
carry trade (which is essentially a bet against) & become a very popular investment strategy.
These trades involve simultaneously going shortftimeling currency (a low-rate currency, e.g. the
Japanese yen) and long the target currency (arhigheurrency, e.g. the US dollar) typically thrbug
the derivatives market. They are profitable as laadghe gains from interest rate differentialsreot
offset by exchange rate movements. Consequently, dine sensitive to increases in exchange rate
volatility. The investors involved are often highgveraged, and could be forced to unwind positions

very quickly in response to changing market cood#i The effect of the reversal of carry trade
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positions might have a large impact on both exchaiates and on exchange rate volatility but such
impact is hard to predict and depends, inter alisthe speed with which these positions are cldsed.
some cases, the gradual unwinding of carry tradased visible changes in exchange rates without a
sizeable impact on short-term volatility.

To take into account that the carry trade strategyofitable only when particular market condison
are fulfilled, i.e. only as long as the gains fromterest rate differentials are not expected to be
overwhelmed by exchange rate movements, this gbenates a 3-variable MS SVAR model to shed
some light on the dynamic relationships betweeerast rate differentials, exchange rate changes and
carry trades. This non-linear setting has the cttra feature of allowing the system to distinguish
between phases in which the carry trade strategtntie profitable and phases in which the carry
trade strategy might not be profitable. Centralthe MS VAR approach is the use of regime-
dependent impulse response analysis, which traceshew fundamental disturbances affect the
variables in the model dependent on the regimgnignstudy | use regime-dependent impulse response
functions to assess (1) how and to what extentkshtacthe interest rate differential and the bitalte
exchange rate affect the yen carry trade; (2) dmseguences of the unwinding of the yen carry trade
on the dollar-yen exchange rate.

The main findings are as follows. First, the regitessification obtained by means of the MS VAR is
consistent with the empirical evidence on carrgédrapisodes. In particular, the identified regime 2
comes close to a so-called “carry-trade” regimepsehtiming is matches with the carry trade episodes
identified in the literature. Second, only when lystem is in the “carry trade” regime a shockhia t
carry-to-risk ratio has a positive and significaffect on the net short positions in Japanese Seah
effect turns out to be insignificant when the sysie in regime 1. Third, an increase in the yemycar
trade generally leads to a persistent depreciatidhe yen against the dollar but in the “carrydga
regime such depreciation is stronger and persiskenirth, a rising carry-to-risk ratio, which inru
reveals an increase in the attractiveness of d¢eades, leads to a significant depreciation ofyi&e
only when the system is in regime 2. This shows witegen technical factors, not directly related to
fundamentals, play a role in exchange rate devedopsn speculative market conditions (i.e. the
profitability of carry trades) have a significamhpact and might exacerbate the ongoing trends on
currency markets. Finally, the estimation of a $mebbit model, where the dependent variable was
constructed on the basis of the smoothed prohabilitf the MS VAR, further validates the notionttha
the attractiveness of carry trades is positivelfecdéd by increasing interest rate spreads and
negatively affected by the risk of future exchange movements, where this risk here is proxied by

the realized volatility of the yen/USD exchangerat
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Appendix A: Unit Root Tests and Residual Analysis

Table A.1: Unit Root Tests

ADF PP
Variable Intercept Intercept and Trend Intercept Intercept and Trend
(lag) (lag)
Carry-to-Risk -2.613* -2.597 -2.573* -2.518
Ratio (5) (5)
Net Positions -5.825%** -5.841%** -7.812%** -7.926***
(1) 1)
Exchange Rate -4.433*** -4 A4 7Hrx -5.929%** -5.927***
Returns (6) (6)

Notes ADF refers to the augmented Dickey-Fuller, PPthte Phillips-Perron unit root test. The lag
length in case of the ADF test has been chosenrdiogpto the Schwarz Information Criterion, the
bandwidth for the PP test according to Newey-Wssigithe Bartlett kernel. A significant level of%0

5% and 1% is presented by *, ** and ***, respective

Figure A.1: Residuals of the conventional VAR
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Figure A.2: Residuals of Markov Switching VAR
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Appendix B: Bootsrapping

The precision of the estimated response vecto@s$essed by means of standard bootstrapping
techniques, which require the creation of artifidigstories of the variables of the model and the
submission of these histories to the same estimaiocedure employed for the data. The artificial
histories are obtained by replacing the paramétettse model with their estimated values, extragtin
residuals whose moments are determined by the astiinvariance-covariance matrix, and then
calculating the endogenous variables. By constigca large number of artificial histories it is
possible to make a bootstrapped approximationdalittribution of the estimated parameters.

In a Markov-switching framework, the presence &f ldtent variable, the hidden Markov-chain which
determines the regime, makes the bootstrappinbtilignore complicated. Prior to create the arté#ici
histories, it is necessary to construct a histonttie regimes, which is then used to continue wieh

endogenous variables. The full procedure consfdisensteps for each history.
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Step 1: A history for the latent variabl§, is constructed by recursively using the defimitiof a

Markov process (Eg. (1) and (2)) and replacing ékegenous transition matrix with its estimated

value, P. For each period, a random number from a uniform [0,1] distributisndrawn and then
compared with the conditional transition probaieitto determine whether there is a regime switch o
not.

Step 2: A history for the endogenous variablesreated. This is done recursively according to
Equation (3), whose parameters are replaced byaktimated values. New fundamental residuals are
then drawn from the normal distributioBquation (3) is then applied recursively using aneficial
regime history constructed in Step 1.

Step 3: The data from the artificial history areedisto estimate a Markov-switching vector

autoregression, which gives bootstrapped estimapés the parameters of the model,
{Ef, ; I§L- ....,B pi;fi}, for1=1,..., M, the transition matri® , and the smooth probabilitie—g.

Step 4: Bootsrapped estimated of the matrides ..., A, are obtained by applying the same
identifying restriction as to the data.

Step 5: The bootstrapped estimates of the impelsgonse functions for each regime are derived by
combining the new parameteﬁsii ,...,I§pi with the new estimates of the matAx, ..., Am.

Applying the five steps described above for a sidfitly large number of histories yields a numdrica
approximation to the distribution of the originasponse vectors estimates. This distribution is the

basis for adding confidence bands to the centtathate of the impulse response functions.
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