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END-POINT BIASIN TREND-CYCLE DECOMPOSITIONS. AN
APPLICATION TO THE REAL EXCHANGE RATESOF TURKEY

M. Fatih Ekinci, Gazi K abas, and Enes Sunel®

aBsTRAC Estimating a robust and stable trend is an importdrallengefor policy
analysis. In this paper, we compare alternative aggres by estimating the cycli
component of the real exchange rate series of VurkB®mparison criterion is tl
sensitivity of the estimated cycle to additionaladpoints. A formal testeweals that cyc
values obtained with all methods change substantiglbn new data arrivals. To rank
performance of alternative methods, additional messunderlining the corovement ¢
real-time cycles with the cyclical values when additl dah are available, and t
magnitude of engboint bias are developed. These criteria show tmatu@observe
components approach, which assumes orthogonal éreshatycle innovations and a fix
share of trend shocks on the real appreciatiortiatons of10%, dominates alternati

filtering methods.
JELC22; E37; F31
KeywordsTrend-cycle decompositions, Real exchange ratesh8&stic trend

oz Iktisat politikasi analizi agisindan, zaman segggimlerinin tutarli ve kararli tahmi
glclik arz etmektedir. Bu ampirik gghada Tirkiye reel doviz kuru serisinin ¢evrin
bilesen tahminlerini elde etmede farkli yakialarin kasilastiriimasi yapilmaktadi
Karsilastirma kriteri olarak, tahmin eld@n cevrimsel bilgenin seriye eklenen verile
duyarhlig! belirlenmitir. Yapilan testler sonucu, elde edilen ¢evrimsegedlerin, batd
yontemler icin seriye eklenen yeni verilere duyaddugu bulunmaktadir. Yontemle
etkinlikleri acisindan siralarkdcin, gerceklgen serilerin cevrimsel bigen tahminleri il
seriye yeni veriler eklenginde elde edilen ¢evrimsel bilen tahminlerinin birbiriyle ola
bagintisi hesaplanmive bits-noktasi yanlilik dgerleri kasgilastiriimigtir. Bu kriterlere
gore, gilim ve cevrim soklarinin birbirine dik oldgu ve reel ddviz kuru dgsimi
oynaklginin - %10’unun gilim soklarindan kaynaklangh varsayimlari altind
g6zlenmeyen bikenler yaklaiminin alternatif filtreleme yakiamlarindan dstin oldiu
bulunmaktadir. N o o
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1. Introduction

Decomposing economic time series into trend andiaalccomponents
has been among the top priorities of policymakEms. instance, the main
pillar of the inflation targeting regime is to bgna discipline to the
determination of short-term nominal interest ratesesponse to deviations
of inflation and output from a&arget or fundamentallevel. On the other
hand, following the recent global financial crisigdditional economic
variables such as the real exchange rate and tibeofecredit to GDP have
gained more attention from the policymakers in teraf their cyclical
behavior around fundamentalevel!

In order to flesh out the real-time macroeconomatadand extract
cyclical components for policy analysis, severalthods have been
developed by economists. However, many trend-cyddeompositions
suffer from an end-point problem, which might beardtterized by the
exaggerated impact of the terminal data point oe ¢fbtained trend.
Specifically, if the purpose of the analysis isdocument and study the
properties of the cyclical component, one can gmnophit the terminal data
points of the series. On the other hand, if thexdrés used for policy
purposes, then the terminal data point is likelyb® the one, which is
particularly interesting.

Choosing the appropriate filtering method is esgbciimportant as
information on the future path of the economy issitg, when the policy
decisions are made. Accordingly, it is only whemwrdata in future periods
become available that the trend-cycle decomposhieromes more robust
and gets stabilized. The value of the trend in téreninal period might
change significantly when new data become availablespective of
whether new data points are driven by cyclicaltnrctural factors.

The goal of this study is to compare the perforneapicselected filtering
methods in terms of the degree of the end-poinblpro that they display.
We carry out our experiments in a specific appiatof calculating the
cyclical component of the real exchange rates tok@y. Consequently, this
exercise also relates to the permanent equilibrexchange rate (PEER)
literature. In this literature, the trend of thealr@xchange rates series is

! See Drehmann et al. (2010), Aikman et al. (20B¢1 (2013) and IMF World Economic Outlook (2013).

2 There is also a very important discussion on #resisivity of business cycle facts to the filteringethods
used. Canova (1994) shows the sensitivity of USnless cycle turning points to the filtering methadsd.
Canova (1998) reports that stylized facts aboutUW$eeconomy vary widely across different detrending
methods. In this paper, we focus on the sensitofityycle estimates to the new data arrivals.
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defined to be a long-run equilibrium value and dyelical component is
referred as deviations from equilibrium real exawmnate or real exchange
rate misalignment$In this study, we compare the performance of dffé
methods in order to extract the cyclical comporfenh the real exchange
rate series of Turkey.

The paper is organized as follows. Next sectiorcriless the data used,
Section 3 explains the filtering methods applied.Section 4, we define
different measures of comparison for these metlaodisdiscuss the results.
Section 5 concludes the paper.

2. Data

We use monthly real exchange rate series of TurRsal effective
exchange rate index of the Turkish lira vis-a-vik teading partners of
Turkey (RER") is the series used in the benchmark analysis. SEeend
series used in the study is the real effective angh rate index of the
Turkish lira vis-a-vis trading partners of Turkethat are classified as
advanced economies (RE#3.* These indices are calculated and published
by Central Bank of Turkey. The sample period startdanuary 2003 and
ends by December 2012 for both series.

3. Trend-Cycle Decompositions

In this section, we describe the filtering methadsed to extract the
cyclical component of real exchange rates. A simpé&thod is to run the
following regression,

Ye =C + )/t + €¢

wherey, is the natural logarithm of the real exchange eatdy gives an
average appreciation rate observed in the real agmgeh rate series of
Turkey. We name the trend value- yt) calculated by this method as the
OLS (Ordinary Least Squares) trend and treat intmva as the cyclical
component. Next, we briefly describe the methodsvimich we assume a
stochastic trend, that is, the Beveridge-Nelson obgmsition and the
Unobserved Components Approach, and then we prosgidexplaining
more conventional filtering methods: such as thalriti&-Presscott Filter
and the Wavelet Analysfs.

® Huizinga (1987) has been the first study to inrthe cyclical component values extracted by eeBdge-
Nelson decomposition as the real exchange rateligrigzents. See MacDonald (2000) and Bussiere et al.
(2010) for a detailed discussion on the equilibriexohange rate estimation literature.

4 IMF classification at 2009 is used. Advanced ecoies are Austria, Belgium, Czech Republic, Denmark,
Finland, France, Germany, Greece, Ireland, Ist&dy;, Japan, Netherlands, Portugal, Slovakia, ispaouth
Korea, Sweden, Switzerland, Taiwan, UK, and US. Saggili et al. (2010) for a detailed descriptidn o
calculations.

® See Ekinci et al. (2013) for a detailed descriptib methods.
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3.1. Beveridge-Nelson (BN) Decomposition

This approach assumes that real exchange ratexpressed as the sum
of two components,
Ye =T+ e,
wheret, represents the long-run trend, which follows adman walk as in
Beveridge and Nelson (1981) arniddenotes the cyclical component. The
trend component in BN decomposition is defined las infinite horizon
expectation of the time series, that is lim; ., E, [y,,;].°

3.2. Unobserved Components (UC) Approach

UC method treats the trend and cycle componentsiredbservable
variables in the state space. In this paper, we emdie following
assumptions in order to extract the cycle: (i) tyelical component is
assumed to follow an AR(1) process and (ii) trend eycle innovations are
assumed to be uncorrelatedVext, to estimate the model, we fix the weight
of the trend component in the real exchange rgpeeamtion fluctuations at
10 percent.

3.3. Hodrick-Prescott (HP) Filter

HP filter is a widely-used tool in modern macroemmics to obtain a
smoothed non-linear representation of a time seh#? filter treats the
observed time series as the sum of a long term threeamponent and a
cyclical component. To extract an estimate fordpee, HP filter minimizes
the following penalty function,

min[Tt]ng Tt — 1?2 AR — 1em)? + (Tem1 — Te2)?,
wherel is a smoothing parameter. Wherr 0, the trend value is equal to
the time series, i.et, =y,. As A gets larger, trend gets closer to a linear
OLS estimate. Customary valuesioin the literature are; 100 for annual

data, 1600 for quarterly data, and 14400 for mgntidta. Since we use
monthly data, we sét=14400 in the analysis.

3.4. Wavelet Analysis

Multi-resolution wavelet analysis is a useful témi studying the time and
frequency properties of an economic time setidsing a wavelet filter, a
time seriey; can be decomposed as

© We calculate the trend by implementing the mettdsggribed in Morley (2002).

” Similar set of assumptions are made for identifitapurposes in Clark (1987), Harvey (1985), analt3tn
(1986).

8 Ekinci et al. (2013) shows that fixing the trerithe of real appreciation volatility at 10% givesimilar
volatility of cyclical component relative to thehet filtering methods.

° Following Akkoyun et al. (2012), we choose Syn@etamily in the filtering procedure, which produces
economically interpretable cycles and optimizesatimoess and symmetry.
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Ve =y + Zﬂy=1 ¢/,

wherey, captures the cyclical movements longer thdf geriods, and;
represents the cycles that last betwdean@ 2 periods. In our analysis, we
set N=5. Therefore, we define the trend componenty,, as fluctuations
that last longer than 64 months and lump the deam fluctuations into the
cyclical component;, = ¥5_, ¢/.

4. Reaults

To examine the degree of the end-point bias foectetl filtering
methods, we conduct a test proposed by Mohr (2@)cifically, we run a
regression where real-time cycle values are indgg@rnvariables and cycle
values with additional periods are dependent vieglthat is,

Cop = @+ BCrrpr + €,

where second subindex represents the last peridtheofsample used to
obtain the cyclical component. End-point bias ifiréel as the difference
between the real-time cycle and the cyclical vétughe extended sample,

€tk = Cet — Cri+ke-

We use the cycle values after January 2008 in ngntie Mohr (2005)
test where the null hypothesis is Hr = 0 andB = 1. The test indicates how
the real-time cyclical components are related ®odbtimates obtained with
additional data. Mohr (2005) argues that cycle @alabtained by using the
full sample are therue values for the cyclical component, and therefore
utilizes full sample to calculate the dependentiade. From a practical
point of view, adding too many observations wowdd to a test of mid-
point biasinstead of an end-point bidsWe report our results by including
3, 6, and 12 additional observations in our teBte results are reported in
Tables 1 and 2 for the samples REend RERY, respectively. We observe
that the null hypothesis is rejected for all methaahd alternative horizons
with the exception of 6-months horizon for the HRef and wavelet
analysis methods. Consequently, this test indicdtepresence of an end-
point bias for all methods. However, test valuesadballow us to rank the
reliability of methods. Therefore, we proceed toking at some additional
measures in order to compare these alternativeoappes in extracting a
robust cyclical component.

1% Our results remain unchanged when the cyclicalesith full sample are used.
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Table 1. End-Point Bias Test for RER®' Sample

Method 3 months 6 months 12 months
BN o § o B o §
-0.98 0.95 -1.84 0.89 -3.33 0.78
(0.19) (0.03) (0.24) (0.03) (0.21) (0.03)
F-statistic 16.32 33.8 130.12
HP o B o B o B
-0.26 1.22 -0.80 1.04 -1.76 0.74
(0.21) (0.05) (0.40) (0.10) (0.49) (0.04)
F-statistic 12.31 2.28 10.17
oLS o § o § o §
-0.44 1.07 -1.29 1.08 -3.38 0.96
(0.10) (0.01) (0.20) (0.03) (0.28) (0.04)
F-statistic 85.43 83.35
uc o § o B o §
-0.38 0.98 -0.68 0.98 -1.45 0.92
(0.06) (0.01) (0.08) (0.01) (0.10) (0.02)
F-statistic 32.04 59.05 135.37
Wavelet o B o § o §
-0.23 1.15 -0.76 0.89 -1.61 0.64
(0.21) (0.06) (0.39) (0.09) (0.44) (0.07)
F-statistic 5.04 2.34 18.81

Notes: RER! is the trade weighted real exchange rate indeXtiokey against all trading partners, calculated
by Central Bank of Turkey. We regress the real-tayele to the cycles with k additional periods, = a +
Be ik + €, Standard errors of the regression coefficientsreported in parentheses. Null hypothesis for F-
testisH: o =0and} =1.

Table 2. End-Point Bias Test for RER*" Sample

Method 3 months 6 months 12 months
BN o § o B o §
-0.88 0.96 -1.69 0.90 -3.19 0.78
(0.19) (0.03) (0.24) (0.03) (0.21) (0.03)
F-statistic 13.78 27.34 113.30
HP o B o § o §
-0.27 1.22 -0.84 1.03 -1.84 0.74
(0.21) (0.05) (0.42) (0.10) (0.50) (0.09)
F-statistic 12.83 2.30 10.75
oLS o § o § o §
-0.42 1.08 -1.24 1.08 -3.28 0.97
(0.10) (0.01) (0.20) (0.03) (0.28) (0.04)
F-statistic 81.75 57.27 74.24
uc o B o B o §
-0.28 1.00 -0.54 0.99 -1.22 0.94
(0.05) (0.01) (0.08) (0.01) (0.09) (0.02)
F-statistic 27.24 0 97.12
Wavelet o B o § o §
-0.10 1.16 -0.45 0.90 -1.17 0.65
(0.22) (0.05) (0.40) (0.09) (0.45) (0.07)
F-statistic 4.87 1.07 14.59

Notes: RERY is the trade weighted real exchange rate indexTimkey against advanced economies,
calculated by Central Bank of Turkey. We regressrdal-time cycle to the cycles with k additionatipds,

Cer = a+ PBcyn + €. Standard errors of the regression coefficients r@ported in parentheses. Null
hypothesis for F-test isH a =0 andp =1.
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One important measure to rank alternative methedsoilook at the
relationship between real-time cycle estimates thedcyclical components
obtained with additional data. To this end, cotietes between real-time
cycles and estimates with 3, 6, and 12 additiobakovations after January
2008 are reported in Table 3. We observe a deslitbe co-movement of
real-time and extended sample estimates as theerushladditional periods
increases. The table indicates that HP filterind amvelet analysis show
relatively poor performance. Especially when hamzaget longer, lower
correlations between real-time cycles and cyclicaues with additional
observations emerge. On the other hand, stochiastid methods, such as
the BN decomposition and the UC approach, and th® @ethod display
better performance as they deliver larger corm@tatifor all horizons.

Table 3. Correlations of Real-Time Cycles and Cyclical Component with
Additional Data

RER" RER®
3 months 6 months 12 months 3 months 6 months Ifhwo
BN 0.98 0.97 0.97 0.98 0.96 0.97
HP 0.96 0.85 0.78 0.96 0.84 0.78
oLSs 1.00 0.98 0.96 1.00 0.98 0.99
uc 1.00 1.00 0.99 1.00 1.00 0.99
Wavelet 0.95 0.82 0.79 0.95 0.82 0.80

Notes: RER' is the trade weighted real exchange rate indeXtiokey. RERY is the real exchange rate index
for Turkey against the advanced economies. Boilesare calculated by Central Bank of Turkey aneeco
the period between January 2003 and December Zda:time cycles and cyclical values with additiona
data are obtained for the periods between Jan@®§ a&nd December 2011.

Another measure for comparison is the magnitudexgbost errors. We
report the standard deviation of end point biag, fer each method with
different horizons in Table 4. According to this tnie UC approach
performs better than BN decomposition for all hong. OLS method, on
the other hand, performs better than the UC apprdad only at a 3 months
horizon. For an illustration, we plot the end pobias produced by all
methods within a horizon of 6 months (k=6) in Fegur. It is clear that the
UC approach dominates the alternative filteringhods, since it produces a
much smaller end-point bias.
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Table 4. Volatility of End-Point Biaswith Alternative M ethods

RER"

3 months 6 months 12 months
BN 1.37 1.39 1.69
HP 1.92 2.90 3.52
OLS 0.66 1.17 1.76
uc 1.17 0.40 0.51
Wavelet 1.69 2.85 3.55
RERY

3 months 6 months 12 months
BN 1.40 1.44 1.75
HP 1.96 2.99 3.62
OLS 0.68 1.22 1.81
uc 1.07 0.39 0.50
Wavelet 1.75 2.94 3.64

Notes: We report the standard deviations of endtpbias values for alternative methods with diffgre
horizons. RER' is the trade weighted real exchange rate indes fokey. RERY is the real exchange rate
index for Turkey against the advanced economieth Beries are calculated by Central Bank of Turdeg
cover the period between January 2003 and Decel®ER. Real-time cycles and cyclical values with
additional data are obtained for the periods betwiaauary 2008 and December 2011.

Figure 1. End-Point Biasat 6-months Horizon for Alternative Filtering M ethods
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Estimated trend values with the BN decompositibe,C approach, and
the OLS method are plotted with the actual reaharge rate series (with
respect to all trading partners of Turkey) in Feg@. We observe a long-
term appreciation in the real exchange rate possine to the Balassa-
Samuelson effect (an increase in the price of nadable goods due to the
catch-up in the relative income) and a higher degoé quality bias in
inflation compared to advanced econoniieBinally, in order to quantify

1 See Arslan and Cerigtu (2011) for the impact of quality bias in theaaation of inflation.
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this prior, we also report thestimated average real appreciatioates of
Turkish lira implied by the BN decomposition, theClapproach, and the
OLS method in Table 5. For the analysts who exarttieereal exchange
rate dynamics of Turkey, these real appreciatioresraare crucial. In
particular, a trend value for RERindex estimated with the UC approach
should be expected to be 2.36% higher in 12 months.

Figure 2. Trend Valuesfor RER?' Serieswith BN, UC and OLS M ethods
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Table 5. Real Appreciation Rate for Turkey

RER"
Method monthly annual
BN 0.16 2.00
oLs 0.12 1.55
uc 0.19 2.36
RERY
Method monthly annual
BN 0.25 3.00
oLs 0.22 2.67
uc 0.27 3.30

Notes: RER' is the trade weighted real exchange rate indeXtiokey. RERY is the real exchange rate index
for Turkey against the advanced economies. Botiesare calculated by Central Bank of the Repubiic
Turkey and cover the period between January 20683&tember 2012. Real-time cycles and cyclicaleslu
with additional data are obtained for the perioefsveen January 2008 and December 2011.

5. Conclusion

Trend-cycle decompositions are essential tools poticy analysis
targeting macroeconomic and/or financial stabiliffo examine and
compare the reliability of different filtering mettis, we apply a number of
techniques to the real exchange rate series ofejurA formal test is
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conducted by using real-time cycles and the cychedues obtained with

additional data. Test results indicate that all hnds display a serious
degree of end-point bias, i.e., the estimated cgchalues are sensitive to
the terminal data points. To rank the methods, xeengne the co-movement
of the real-time cycles and the estimates obtalmedsing additional data
within horizons of 3, 6, and 12 months, respecyivéVe also compare the
methods along the dimension of the ex-post magaitidhe end-point bias.
Results show that a decomposition based on thesemadd components
approach, which assumes (i) trend and cycle inmavgiare orthogonal and
(i) the share of trend shocks on the real depteciarate fluctuations is

fixed at 10%, dominates the other filtering methodssidered in this study.
Finally, the average real appreciation rate igvested to be around 2% for
Turkish lira in the trade-weighted general real rerme rate index, and
around 3% for the real exchange rate vis-a-vis ack@ countries.
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