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Recent studies about estimating half-lives of pastohg power parity argues that
heterogeneity bias resulting from aggregating #e exchange rate across sectors is
important and should be taken into account. Howetregy do not use appropriate
techniques to measure persistence. In this paparseghe extended median-unbiased
estimation method in panel context for each sestparately and calculate both point
estimates and confidence intervals. We concludet @@ntrolling for sectoral
heterogeneity bias and small sample bias will obtesthe PPP puzzle.
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I ntroduction

In the field of international macroeconomics, thexgistence of real exchange rate
shocks has attracted many macro economists smlificoncentrating on the Purchasing
Power Parity puzzle. Rogoff (1996) describes thezlguas the problem of reconciling the
high short—term volatility of real exchange ratathvan extremely slow rate at which shocks
to dissipate. He explains a consensus view of 3 years of the half life of PPP deviations
among some studies based on long-horizon datansefsich the fixed and floated exchange
rate is mixed. There were several papers that pteghto estimate the half life to PPP but
didn’t use modern techniques for measuring theigtersce of real exchange rate including
Frankel (1986), Abuaf and Jorion (1990), and Lathend Taylor (1996). For example
Lothian and Taylor (1996) find evidence for longdlzon real exchange rates that they are
mean reverting but the speed of reversion is veny.sThey estimate the half-life for PPP
deviations as 5.78 years for dollar-sterling reathange rate. However this strongest
evidence of mean reversion comes from the Leasar@gstimates.

Recently Murray and Papell (2002) use appropriatethods to measure the
persistence of real exchange rates for long-hor{ammual) and post-1973 (quarterly) data.
Their estimates accounts for the serial correlagoial small sample bias. Using median
unbiased estimates allowing for serial correlabarthese two data sets, the point estimates of
half lives are estimated as consistent with g@n$ensus viewvhile the confidence intervals
are too wide providing no information on the siZate half-lives. Also, Murray and Papell
(2005a) show that the methods used in Lothian aydbof (1996) underestimate the half-lives
of PPP deviations and overestimate the speed oh mezersion using median-unbiased
estimation technique.

The recent study of Imbs, Mumtaz, Ravn and Reyefhafter IMRR) (2005) shows
that sectoral heterogeneity matters for the penscst of relative prices. They use monthly
non-harmonized price indices for consumption goaad services specifically for 19 foods
categories and 13 countries for the period 1985519bhe aggregation bias which comes
from heterogeneity is positive if there are no sir@and systematic asymmetries in the price
indices. They find that when the heterogeneityakeh into account, the half-life for sectoral
real exchange rate decreases to 11 to 18 montleh wkcludes the consensus view of Rogoff
(1996). On the other hand, Chen and Engel (200dyamaine the claim in IMRR. They
investigate the same data set with a few corresteomd additions. Then they find that the
half-life estimate is even higher than Rogoff’s imla So they conclude the sectoral
heterogeneity is not an important source of biakibdoesn’t seem to explain the PPP puzzle.

This consensus view comes mostly from univariatdies of long-horizon data. Some
recent panel studies includes Wu (1996), Papel®{12002), and Fleissing and Strauss
(2000) find shorter half-lives from the univariattudies. However they do not use the
appropriate techniques to measure the persistdéhagay and Papell (2005b) using quarterly
aggregate post-1973 data, extend the median ukbiesttmation technique to the panel
context. After estimating the point estimates awdfidence interval estimates, they find
strong evidence confirming the consensus view. GAlgih panel regressions provide more
information than the univariate regressions, thilydo not help to solve the PPP puzzle.

Until now, there is no research that accounts é&mtaral heterogeneity bias and for
small sample bids Murray and Papell (2005b) paper uses panel rsigres for aggregate
data. Even though their estimates improve the t&ssihce their data is at aggregate level, it

! Because harmonized price indices are availablgfonishort period time.
% Reidel and Szilagyi (2004) find that the interantbetween the small sample bias and sectoraldugteeity
bias is non-trivial and these biases shouldn’timdyaed separately.
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doesn’t address sectoral heterogeneity. So the ramm of the paper is to use their
methodology and look at the sectoral data. WezetIMRR (2005) monthly sectoral data set
from Eurostat. We will calculate the point estinsagsnd confidence intervals of the speed of
adjustment to PPP for sectoral real exchange ratete panel context and using median-
unbiased estimation technique. Using the nominahamge rates and sectoral Consumer
Price indices for USA and for other 12 Europeanntoes, we constructed the real sectoral
exchange rates for the period 1981:01-1995:12.

The remainder of the paper is structured as folloWe next section focuses on the
estimation techniques of persistence of PPP anddsimates some examples using this data
set for comparison reasons. Then the third sectestribes the details of data and presents
estimation results. In the final section we givadading remarks.

Estimation Techniquesfor Persistence of PPP

The aggregate real exchange rate with the UnitedeStdollar as the numeraire
currency is calculated as

(Iyg=e+p*—p
whereq is the logarithm of the real exchange raés the logarithm of the nominal (dollar)
exchange ratq is the logarithm of the domestic CPI, gotdis the logarithm of the U.S. CPI.

In particular the sectoral real exchange rate Isutated as (1). The only difference in the
equation is as follows:

—_ ®
[2.} GJ’ = e_pf_z.-'s _pj'

whereq; is the logarithm of the real exchange rate forgketori, e is the logarithm of the
bilateral nominal exchange rate between each cpanul the US dollamiis the logarithm of
the domestic CPI for the seciandpi,us* is the logarithm of the U.S. CPI for sector

Univariate Estimates

After we calculated the sectoral real exchangesraséng equation (2) we can estimate
the speed of adjustment to PPP. The Dickey-Fubé&i) (nodel regresses

3) g, =c +a4q,,,+u,,

the real exchange rate for each sector on a cdratahits lagged lev&l Then the half-live,
the number of periods required for a unit shocldigsipate by one half, is calculated as
In(0.5)/In().

This AR(1) specification is valid when the errombs are serially uncorrelated. When
we take into account the serial correlation, wenede the Augmented-Dickey Fuller
regression (ADF):

L.

(4) q,,=¢, +a,q,,,+> v Ag, _; +u,

In this paper we choose the lag lendthyia the GS-general to specific- criterion
studied by Hall (1994) and and Ng and Perron (199&Xenotes the sector specific lag
length.

¥ We do not include a time trend to this regressisrit would be theoretically wrong. See the detailRapell
and Prodan (2004).
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However there is a problem with the half-life esiton when we use Least Square
estimates, becauseis significantly downward biased when we have $sainplé. To deal
with the problem we use the exact bias correctibicivis median-unbiased estimator from
Andrews (1993) He proposes a technique which allows us to caletthe exactly median-
unbiased estimator of and exact confidence intervals for this paramétbe essence of bias
correction method for the LS estimatoroois as follows. If the LS estimator afis equal to
0.9, say, we find the value o™ such that the median of the least squares estimd1.9.

When we have a monotonic transformation, in oue d¢he half-life: In(0.5)\Ing) is a
monotonic transformation far, the median unbiased estimator and its coverageapilities
of their confidence intervals are reserved. Forngda if the amu is a median unbiased
estimator foraisthen the half-life: In(0.5)\ Infvu) will be median unbiased too.

For the Dickey-Fuller regression, it is easier talcalate the median-unbiased
estimator of HL as it is assumed that the HL calted from AR (1) model shows that the
shocks to the real exchange rate die out monotibnidariefly, we estimate thexs from
equation (3) and estimateiu looking at the tables of Andrews (1993) then wewalalte the
HL: In(0.5)\ In(@amu) and the speed of convergence to PPP.

Tablel. Exactly Median Unbiased Half-lives in Dickeyv-Fuller Regressions
Aggregate Monthly data: 1981:01- 1995:12

q.' =c _gqr—l _”.'

country oy = o 'qiif{{,_f HL_uL‘ (vearly) 95?0?13;:;{1.)
Belgmm 0.9884 1 [0.975.1] oo [2.28. 0]
Germany 0.9903 1 [0.980.1] oo [2.86, =]
Denmark 09923 1 [0.985.1] oo [3.82. oo]
Spain 0.9931 1 [0.985.1] oo [3.82, o0]
Italy 0.9879 1 [0.975.1] oo [2.28, 0]
France 0.9856 1 [0.970.1] oo [1.90. =]
Greece 0.9882 1 [0.975.1] o0 [2.28, =0]
Netherlands 0.9864 1 [0.975.1] oo [2.28. 0]
Portugal 0.9961 1 [0.990.1] oo [5.75, 0]
Finland 0.9865 1 [0.975.1] oo [2.28. 0]
United Kingdom 0.9683 0.99 [0.945.1] 575 [1.02, =]

MNote: The sample sizes are 179 for each country. Using the method in Andrews (1993) paper for
T+1=179 the tables for median unbiased estimators are simulated.

% The is also another lag selection method by NgRerdon (2001) called modified Akaike informatianterion
(MAIC). Due to high computational expenses we wilt apply this method for sensitivity analysis.

® In Andrews (1993): If the AR models that contaimiatercept and: is very large ( close to 1) then there is a
significant downward bias in the standard paranseter

® Other than median-unbiased technique, there dsratsan-unbiased ness to correct for the small sabig$ of
least square estimators. Mean-unbiased ness nfesrthe expected value of an estimator is equiledrue
parameter value. Killian (1998) suggested simitarections based on mean-unbiased estimates of AR
parameters. He estimated the bias corrected ARicieets and confidence intervals for impulse resm
functions by applying a bootstrap-after-bootstragihnd. However even though both method will world we
under AR(p>1), for estimating the half-life for AR(mean unbiased ness technique will not be unthiasder
the HL transformations. To be consistent througltbetpaper we will use median-unbiased techniqualfo
models.
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For demonstration look at the Table 1 which prihis exactly median unbiased half-
lives for aggregate monthly data. For example, @mn@ny whilearsis 0.9903,amu is 1 like
most of the other countries. So the size of the Ea0.0097 proving the downward bias in
the least square estimate. The half life medianaseld estimates are infinity for all European
countries except for United Kingdom which can besidered as in the consensus view as
HLwmu is 5.75 years.

Table 2. Exactly Median Unbiased Half-lives in Dickey-Fuller Regressions :
Sectoral Monthly data for Germany : 1981:01- 1995:12

g, =C, T4,y TU;,
H_I._u[:
sectors No: S‘“T‘p le s HLLS a . 95%CT MU HL-"'“'. (vearly)
Size f‘_l’f.’ﬂ?‘j:l') h {1‘{:’0?‘.{1'} 95%CT
Bread 1 173 0.9860 4.1 1 [0.97 1] - [1.9, =]
Meat 2 175 0.9891 520 1 [0.975.1] - [2.28, ]
Dairy 3 175 0.9890 521 1 [0.975.1] - [2.28, *]
Fruits 4 175 0.8731 043 089 [08150975 05 [0.28228]
Tobacco 5 175 09470 1.06 0.97 [0.91.1] 19 [0.61, =]
Alcohol 6 175 0.9926 773 1 [0.985 1] o [3.82, o]
Clothing 7 175 0.9970 19.3 1 [0.99.1] ] [675, =
Footwear 8 175 0.9995 116 1 [0.995 1] - [11.5, =]
Rents 9 175 09993 832 1 [0.995 1] - [11.5, *]
Fuel 10 175 0.9855 3.94 1 [0.97 1] o [1.9 =]
Fumniture 11 166 0.9943 101 1 [0.985 1] - [3.82, =]
Dom Appl. 12 166 0.9939 946 1 [0.985 1] - [3.82, *]
Vehicles 13 175 0.9992 735 1 [0.995 1] - [11.5, *]
Pub Transp. 14 175 09823 324 | [0.965_1] - [1.62, =]
Comm. 15 175 0.9669 1.72 0.99 [0.94.1] 5.75 [0.93, =]
Sound 16 175 0.9938 9.24 1 [0.985.1] o [3.82, ]
Leisure 17 175 0.9882 488 1 [0.975.1] - [2.28, *]
Books 18 175 0.9884 495 1 [0.975.1] - [2.28, *]
Hotels 19 175 09473 1.07 0.97 [0.91.1] 1.9 [0.61, =]

Note: Using the method in Andrews (1993) paper for T+l=sample size (n) the tables for median unbiased
estimators are simulated.

Murray and Papell (2002) compute the same tablenfore countries and for the
quarterly data in the longer period of time 19731@D8:02. Their estimates for ML are
much smaller because when we go from quarterly tatemonthly data the more serial
correlation happens, persistence increases. Momatg contains more noise causing the
estimates for half-life to rise.

Table 2 shows the exactly median unbiased hal&liee sectoral monthly data only
for Germany. Because of the sectoral heterogeneity biasis not equal to 1 in all sectors as
it was 1 at the aggregate lékeWhen we focus on the average of half lives of dow
confidence intervals, it is 3.82 years which ish@igthan the aggregate level of that (2.82
years). The puzzle seems to get worse in contdbetresult in IMRR (2005).

As for Augmented Dickey-Fuller regression, whernr¢his a serial correlation we have
to model it as AR(p). Andrews and Chen (1994) extidre median unbiased estimator to the

" These sectoral half lives are estimated for &lEaropean countries. Germany is been chosen rapgiashto
emphasize the difference in half lives betweerstietoral and aggregate data levels.

8 Usually the half-life median unbiased estimatesectors 4, 15 and 19, for almost all the Europmamtries
are consisted with the consensus view.
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AR(p) case. They introduce approximately medianiasgrl estimators and confidence
intervals for univariate AR(p) modélsHowever in this case to be able to estimate thgitH

is not sufficient to estimate, as the shocks do not decay at a constant rateieSdgilize the
impulse response function of an AR (k+1=p) to cltaithe half-lives. Andrews and Chen
(1994) proves that their technique for AR(2) is madunbiased for all lags but for higher
order AR models (p>2), the impulse response esésnare downward median-biased.
However the downward bias is worse in the leasasgastimates.

Andrews and Chen (1994) describes a computatiomgkysive and iterative method
for obtaining approximately median-unbiased estorgabf the parameters of the univariate
augmented Dickey-Fuller modety,(y1,....,yx). The basic intuition is the same as to find
median-unbiased estimate for AR(1) case. Singe..,yk are unknown, they suggest a simple
iterative procedure that yields an approximatelydiae-unbiased estimator. First, compute
the least square estimates @fiy1,....,yk using ADF regression. Second treating these
VyiLsy....,ykLs1as though they were true values computeath@vu. Third treatingai,amu as
though it was the true value of and compute a second round of least square estsnato
Y1Ls2....,pkLs2 (regressing - aiAmu*qt1 on AQei,.. Agek ,1 ). Next treat the new
yiLsz....,pkls2 as though they were true values compute dghemu. Continue to this
procedure either for fixed number iterations orilurdnvergence, and call thesamu. In our
paper we will continue till convergence occurs.

Table 3. Approximately Median Unbiased Half-lives in Augmented Dickey-Fuller
Regressions : Sectoral Monthly data for Germany: 1981:01- 1995:12

q;; =C; T4, _Z.g/f._i"ﬂ'qi.!—j H,,
J=1

. Sample HL 95%CI HL HL - (vearly)
sectors  No: 7 zg s (_‘.emf!i ) v MU (l‘fr-‘;:fi' ) 95%CI
Bread 1 173 1 09807 2.96 1 [0.965 1] oo [1.62, o]
Meat 2 175 17 09864 421 1 [0.965 1] - [1.62, ool
Dairy 3 175 1 09828 334 1 [0.965 1 - [1.62, o]
Fruits 4 173 24 08174 0.29 0965 [0.745.1] 1.62 [0.2, 2]
Tobacco 5 175 1 09437 1 097 [0.91,1] 1.9 [0.61, =]
Alcaohol 5] 175 1 0.9868 4.35 1 [0.975,1] oo [2.28, <]
Clothing 7 175 1 09909 6.29 1 [0.98,1] - [2.86, o]
Footwear 8 175 1 09941 9.81 1 [0.985 1] oo [3.82, o]
Rents 9 175 1 09939 9.38 1 [0.935 1] - [3.82, oc]
Fuel 10 175 21 09858 402 1 [0.96,1] o0 [1.41, o]
Fumniture 11 166 1 00808 562 1 [0.08.1] - [2.86, oo]
DomAppl. 12 166 1 09845 3.69 1 [0.98.1] - [2.86, o]
Vehicles 13 175 21 09942 9.95 1 [0.98,1] oo [2.86, «<]
PubTransp. 14 175 17 09783 263 1 [0.9551] % [1.25, o]
Comm. 15 175 17 0.9678 1.77 0.985 [0.9351] 3.82 [0.86, <]
Sound 16 175 17 0.9861 413 1 [0.97 1] o [1.9, ]
Leisure 17 175 10 09818 315 1 [0.965 1] oo [1.62, o]
Books 18 175 1 09841 3.61 1 [0.97 1] oo [1.9, ]
Hotels 19 175 24 09373 089 097 [0.8651] 1.9 [0.4, o]

note: The sectoral Germany data is tested for ki equal to 24 to select the lag lengths via GS method.
Using the method in Andrews and Chen (1994) paper for T+1=sample size, the converged median unbiased
estimators are estimated.

° The approximation is twofold. The first reasonlig to the use of estimators rather than true peteamiin the
first stage (usual statistical sense). The seceasan is due to the use of pseudorandom numbarse(ioal
sense). See AC(1994) for more explanations.
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For comparison reasons, both quarterly and mordigigregate data for the same
period of time are employed to compute approxinyat®ledian Unbiased Half life
estimate¥. In sum the upper confidence intervals are infiititboth cases but the average of
lower confidence intervals is 1.794 years and 1.98&rs for monthly and for quarterly
respectively. Again the increase in the half-lifubdaries is confirmed with the increase in
the frequency of data.

In Table 3 the approximate median unbiased hadfslifor sectoral monthly data only
for Germany is presented. When we consider thelsedrrelation there is only a small
change with the half-life median unbiased estimttes either the same or less except for
sector 4 (there is an increase from 0.5 years 6@ years). At the average the lower
confidence intervals for median unbiased estimgéts smaller. So when we incorporate the
serial correlation and estimate ADF regressionstimdidence intervals get wide.

Panel Estimates

The panel extensions for DF and ADF allowing fotehegeneous intercept would be
defined as (5) and (6) respectively:

[DJ g:’.m.: = CJ'.m + ggf.m.:—l + U,

i,m.r

( DF)

L

[6} g.".m.: = CJ'.:'rJ + lI::'fllin!r:'.r.'i..r—l + Z !“'T.".m._i"'iqi.m.r—_i' -H{r'.m.r (‘JLD:F)

where the subscriphindexes the country smmindicates the country-specific intercekinis

the lag length for the sectoand countrym. In the ADF regression we allow for serially and
contemporaneously correlated errors too. In thigepanit root test we restrict the valuecof
to be equal across countries following Levin, LimdaChu (2002). To be able to estimate
these panel estimations when we allow for conteanpaously correlated residuals, we use
Feasible GLS which is the seemingly unrelated s=jo@s.

In the panel DF and ADF models, we will use oalio estimate the half-life because
the lag lengthskim and the serial correlation coefficients differ asaountries within the
same sector. The small sample bias still existhenpanel construction. As in the univariate
case we will exploit from Andrews (1993) and Andseand Chen (1994) median unbiased
estimators. Murray and Papell (2005b) extend thmsdian unbiased estimation technique to
the panel conteXt When there is a serial correlation, the mediabiased estimator af is
no longer exact, but it is approximate. This coinesn the fact that the true serial correlation
coefficients {imj) are unknown and median unbiased estimatax dépends on these true
values.

Philips and Sul (2003) discuss the monotonicitynafdian function in panel context
and they conclude that for8 and B®20 median function is monotonic. Since in our panel
simulations N=10 and T is at least 166 the medigction is monotonic therefore the median
unbiased estimate is always unique.

12 The tables can be sent upon request. Quarterlyisigaien from MP(2002). The maximum lag lengthésto
12 and 24 for quarterly data and for monthly datpectively.

Y For further details please read Levin, Lin and (2002).

12 Further details can be found in Murray and Pa2€105b).
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Estimation Results

This paper re-examines the IMRR data set for aggiag bias and small sample bias.
It is originally from Eurostat, a statistical dataurce of European Union. The data consists of
two-digit non-harmonized sectoral price indices I8rsectors (good categories and services)
and 13 countries. The data is monthly for the pkti®81:01-1995:13.

Table 4. Approximately Median Unbiased Half-lives in  PANEL Unit Root
Regressions : Sectoral Monthly data for the period: 1981:01- 1995:12

kl.m

qr':m.r = CI_JN +aqf:m.r—1 +Z w#:m:j'&Qf_m_r—_r —H"Ii_mz.‘

J=l

. Sample HL o 7 HL HL g (vearly)
sectors No: .sr'zg e {wa:!i'j o e 95%CIMU (;-mf{i-) ‘;;%U
Bread 1 173 098288 334 1 [0.99.1] oo [5.75.2]
Meat 2 175 096777 176 0985  [0.9651] 3.82 [1.62 ]
Dairy 3 175 096616 168 0985  [0.9651] 382 [1.62 ]
Fruits 4 175 093374 084 0955 [0.93,0.985] 125 [0.8,3.82]
Tobacco 5 175 097417 2.1 1 [0.975.1] oo [2.28.]
Alcohol 4] 175 0.9839 356 1 [0.991] oo [5.75,.e0]
Clothing 7 175 098857 502 1 [1,1] oo [o6,00]
Footwear a 175 098304 338 1 [0.99,1] oo [5.75.2]
Rents 9 175 098399 358 1 [0.99,1] oo [5.75.]
Fuel 10 175 095911 138 0975 [09551] 228 [1.25.e0]
Furniture 11 166 097798 259 1 [0.985.1] oo [3.82.2]
Dom.Appl. 12 166 097599 238 1 [0.98,1] oo [2.86.c2]
Wehicles 13 175 098544 394 1 [0.995.1] oo [11.5.2]
Pub Transp. 14 175 0.9629 153 0985 [0.96,1] 382 [1.41 2]
Comm. 15 175 097501 228 0995 [0.98,1] 11.5 [2.86 0]
Sound 16 175 097943 278 1 [0.98,1] oo [2.86.e2]
Leisure 17 175 097514 229 1 [0.98,1] oo [2.86.c2]
Books 18 175 098506 384 1 [0.995.1] oo [11.5,e2]
Hotels 19 175 097899 272 1 [0.98,1] oo [2.86 2]

note: The sectoral data is tested for ks equal to 24 to select the lag lengths via G5 method. Using the
method in Murray and Papell (2003) paper the estimates for median unbiased half lives in panel context are
estimated, We exclude Finland from all sectors because it has much smaller sample size causing to lose a lot
of information in the panel regressions. For sectors 9 and 16 we do not have data for Portugal. Also for
sector 5 we couldn't include Ttaly’s data as there are less data in that sector only.

First of all we used the General to Specific (E8)ethod to select lag lengths for the
panel unit root regressions . Since it is a monthdya we set the lag length to 24. We
calculate approximately median unbiased point edBsiand confidence intervals for half-
lives of PPP deviation in ADF panel context forleaector separately.

The results are reported in Table 4. When we cenglte sectoral heterogeneity bias
and small sample bias in the panel regressiongrisimgly the half-life median unbiased
estimates rise with infinite upper confidence limiVe find the average of half life least

13 see data appendix from IMRR (2005) for more detaikee Hall (1994) and Ng and Perron (1995).
4 see Hall (1994) and Ng and Perron (1995).
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square estimates for 19 sectors as 2.69 years vidishghtly greater than 2.35 years that
Murray and Papell (2005b) estimatedWhen we compared the median unbiased half lives
we have a huge difference. We estimated it asiipfin almost all sectors excluding only 6
sectors which are meat, dairy, fruits, fuel, pultfensformation and communication. In the
panel regressions the confidence intervals areéetighan their univariate estimates. Since the
upper bounds are infinity in both cases it is hardheasure the difference. However looking
at the lower bounds we see that width of the irstisrget smaller.

At the average the HL is infinity while in Murray and Papell (2005b) pape is
estimated as 2.5 years. All the upper confidentarvals for Hivu (except fruit sector which
has 3.82 years) are infinity too. When we excluld¢hang, the average of lower confidence
intervals for Hlvu is 4.06 years. It seems that accounting for hetarely bias worsens the
PPP puzzle instead of helping to solve it. Alsoien conclusion is consistent with Chen
and Engel (2004).

Conclusion

The basic problem with the real exchange rate ibgds that we have highly volatile
real exchange rate and deviations from PPP thatmareh more persistent than can be
explained by conventional theories such as nongneé rigidities. The purpose of this paper
was to use Murray and Papell’'s (2005) methodologyclv estimates the median unbiased
half-lives in panel context, and by utilizing IMRR005) monthly sectoral data set to see if
these methods help to solve the “Purchasing PowetyPPuzzle”. When we account for
sectoral heterogeneity bias and for small samgs, bwe still can not solve the PPP puzzle.
The speed of mean convergence for real exchangésraio slow.

!> Murray and Papell (2005) data set includes 9 mormtries than our data set which can make bigiffces.
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