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Abstract

This paper estimates the potential output and output gap in Turkey using a multivariate

�lter. The �lter employed links the output gap to slack in the labor market and

changes in in�ation. Additionally, it produces the output gap taking into account

some macroeconomic variables. Though end-of-sample problem remains an issue, results

show that the output gap estimates provided by the multivariate �lter have a stronger

relationship with in�ation and are subject to smaller revisions compared to the Hodrick-

Prescott �lter.
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1 Introduction

Potential output can be described as the maximum amount of output that can

be produced without giving rise to in�ation (Okun, 1962). Output gap is the

percentage deviation of the actual output from the potential.

Estimation of potential output and output gap is important for policy-making.

If the actual output is above (below) its potential, the output gap is positive

(negative) and in�ation rises (falls). Central banks, whose primary objective is to

achieve price stability, closely monitor output gap developments. If the output gap

is projected to exert pressure on in�ation, central banks cool down the economy

via increasing short-term interest rates. Potential output is also valuable from the

perspective of non-monetary policymakers. The information on potential growth

enables them to build medium to long-term policies, which can target convergence

to the frontier economies.

There is a large literature on the potential output and output gap estimation.

This study, similar to Benes et al. (2010), Blagrave et al. (2015), Alichi et al.

(2015), Garcia-Saltos et al. (2016) and Pichette et al. (2015), belongs to the

�ltering branch of the mentioned literature. Filtering is easy to implement, yet it

su¤ers from the end-sample bias (i.e., estimates towards the end of the sample,

which the policymakers are most interested in, are the ones that are revised

most signi�cantly as new data become available). Another common technique

to estimate the potential output is the production function approach. Basically,

in this approach labor and capital are used as inputs. Depending on the type of the

production function, total factor productivity is either estimated as a time-varying

variable as in Klump et al. (2007) and And¬ç (2016) or obtained as a residual as in

Musso and Westermann (2005) and Husabø (2013). Though production function

approach makes the drivers of growth visible, it may su¤er from end-sample bias

if the potentials of inputs and total factor productivity (TFP) are obtained via

�ltering. A third branch of the literature makes use of the sVAR and DSGEmodels

to obtain the output gap estimates. However, these approaches are criticized for

being sensitive to the speci�cations of the model. Speci�cally, DSGE model is

hard to implement, though it allows for a deeper structural interpretation of the
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potential output and output gap. Finally, some survey-based indicators, such as

capacity utilization rates, perceived degree of insu¢ cient demand as a constraint

on businesses and the vacancy rate in o¢ ces, are considered to show the slack in

the economy.1 The revisions in output gap estimates under this method may be

relatively moderate, especially when the indicators are not revised signi�cantly

and combined with simple averaging. Yet representativeness of the results for the

whole economy is usually an issue with this approach.

This study rests on the work of Blagrave et al. (2015), which presents a modi�ed

version the multivariate (MV) �lter presented in Benes et al. (2010). This �lter

includes some simple economic theory as it links the output gap to the slack in

the labor market and changes in in�ation. As the data requirements are minimal

Blagrave et al. (2015) apply the �lter to a range of countries, including Turkey.

Concentrating on one developed, Canada, and one developing country, Brazil,

they show that the MV �lter produces more robust real-time estimates of potential

output and output gap relative to estimates from the Hodrick-Prescott (HP) �lter.

However, they note that uncertainty in these estimates is still present. Though

this paper mainly draws on Blagrave et al. (2015), it di¤ers from that regarding its

estimation technique and model speci�cation. In particular, Blagrave et al. (2015)

use a small sample of annual data and apply Bayesian estimation. On the other

hand, this study employs a relatively larger sample as it uses quarterly data, and

use maximum likelihood estimation. Also, Blagrave et al. (2015) model output

gap as an autoregressive process. However, slack in the economy is determined

by the domestic and foreign conditions. This paper adds some macroeconomic

variables to capture these conditions when explaining the output gap.2

Quite a number of papers have utilized �ltering method to obtain the potential

output and output gap in Turkey.3 Özbek and Özlale (2005), Kara et al. (2007),

1For instance, see Rodriguez et al. (2006). Also, see ECB (2015b) for a combination of
survey-based indicator and �ltering approach.

2Another di¤erence in the model speci�cation is the use of steady-state variables in potential
growth and NAIRU equations. Steady-state expressions, which are indeed unknown and in the
end calibrated as the average of past values, are simply dropped in this study.

3A nice paper which uses production function method to estimate the potential output and
output gap in Turkey is Üngör (2012). Erdo¼gan et al. (2013) produce a slack indicator for the
Turkish economy using survey variables, which are combined in a dynamic factor model setting.
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Metin Özcan et al. (2007), Ö¼günç and Sar¬kaya (2011) and Alp et al. (2012) are

some examples. However, some of these either do not incorporate any economic

theory, or includes it only partially by just adding a Phillips curve to estimations.

Hence, this paper contributes to the existing literature, mainly because it is the

�rst one that produces potential output and output gap estimates for Turkey

taking into account both the in�ation and labor market dynamics in a multivariate

�lter augmented with macro variables.

The output gap estimates obtained in this paper seem to be robust under reasonable

calibration values. They are found to be more related with in�ation and have

smaller revisions compared to the ones coming from the HP �lter. Yet it is shown

that the output gap estimates of the MV �lter su¤er from the end of sample

bias. Turkish Statistical Institute (TurkStat) has recently switched to a new

set of standards for measuring GDP to provide compliance with the System of

National Accounts (SNA2008) and European System of Accounts (ESA2010). The

adoption of these guidelines implied major changes in the classi�cation, de�nition,

and coverage of the national accounts.4 The new implementation created a notable

change in the GDP series. This paper presents the output gap and potential

growth estimates using both old and new GDP data. Results show that new

series implies a more volatile output gap and higher potential growth compared

to the old series.

The remainder of this paper is organized as follows. Section 2 introduces the

model and data. Section 3 discusses the results by making a comparison between

the estimates before and after the revision in the national accounts. Section 4

presents robustness checks. Finally, Section 5 concludes.

Saraço¼glu et al. (2014) obtain output gap from an sVAR. Finally, output gap estimates in a
DSGE setting for the Turkish economy is relatively an untouched area.

4Details can be found at http://www.turkstat.gov.tr//duyurular/duyuru_2305.pdf.
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2 Model and Data

The model is made of three blocks: output, unemployment and in�ation. The

output block has the following equations:

Yt = Y t + yt (1)

Y t = Y t�1 +G
Y
t�1 + "

Y
t (2)

GYt = G
Y
t�1 + "

GY

t (3)

yt = �yt�1 + �rt�1 + �1rert�1 + �2rert�1D10 + �3y
f
t + �4D08Q1 + "

y
t (4)

Yt is the real GDP in log terms. Y t is the potential GDP and yt is the output

gap. Potential GDP is a function of its past and quarterly potential growth GYt ,

which follows a random walk.5

GDP is composed of domestic and foreign demand. The same argument goes for

the output gap, as well. Hence, the output gap is modeled, parsimoniously, as a

function of variables which explain these components. Income is e¤ective on how

much to consume and save. Consumption and investment decisions are a¤ected

by the interest rate and exchange rate developments. Foreign demand not only

takes into account the exchange rate changes but also its income when buying

goods from abroad. Accordingly, as shown in equation (4), output gap is written

as a function of its past, real interest rate rt�1, quarterly change in real e¤ective

exchange rate rert�1 and export-weighted global growth y
f
t .
6 Increase in the real

exchange rate means real appreciation. D10 is a dummy variable that takes the

value of 1 since 2010 and 0 otherwise. Hence, equation (4) allows for a change

in the e¤ect of real exchange rate on the output gap before and after 2010. A

5Note that equations (1)-(4) imply that Yt is I(2). This type of modelling relies on the
idea that potential growth of developing countries may not be constant since, during their
development process, the contribution of labor, capital and productivity will change. This is
also pointed by Clark (1987) in his pioneering work for US as follows: "In addition, it seemed
inappropriate to assume a constant growth rate [in potential growth] in advance, given the
decline of U.S. productivity growth in the 1970s and reduction of labor force growth in the 1980s,
both of which should have shifted the underlying growth of output." I(2) modelling of GDP is
still common for the developed countries as we see in ECB (2015a) and Melolinna and Toth
(2016).

6See Eren (2013) for the details of the export-weighted global demand index for Turkey.
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detailed description of the variables used in this study is presented in Table 1.

� is expected to be between (0; 1), as higher income today can yield higher

consumption in future through savings. � is expected to be negative since when

the interest rate increases, the cost of borrowing increases (or the opportunity

cost of spending rises), hence domestic demand decreases pushing the economy

below its potential. �3 is expected to be positive because an increase in foreign

income can lead to a rise in its imports, i.e., exports of the domestic country.

However, the signs of �1 and �2 are ambiguous. Traditionally, exchange rate

depreciations are considered to increase the output through improved net exports.

Yet depreciation can have deteriorating e¤ects on the supply-side of the economy

as well as expectations of the agents, hence a fall in output. Finally, D08Q1 is a

dummy variable taking the value of 1 in the �rst quarter of 2008 and 0 otherwise.

It might be argued why the macro variables in equation (4) are not used in gap

forms. There are mainly two reasons for this. First, how should we de�ne the

gap form? In the context of this paper, an appropriate way would be introducing

additional equations that estimate the gaps of these variables. However, there is

not enough data for that. Second, as the �ltered gaps su¤er from the end-sample

problem use of, for instance, HP �ltered, gap estimates of the macro variables

could have ampli�ed the uncertainty around the output gap estimate in equation

(4).

In the block of unemployment, the slack in the labor market, ut, is de�ned as the

log di¤erence between trend unemployment -NAIRU- and actual unemployment,

namely U t and Ut. GUt is the change in the trend and assumed to follow a random

walk. Last, using the Okun�s law, unemployment gap is linked to the output gap:

Ut = U t � ut (5)

U t = U t�1 +G
U
t�1 + "

U
t (6)

GUt = G
U
t�1 + "

GU

t (7)

ut = �ut�1 + �yt�1 + "ut (8)
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where, � is expected to be (0; 1) and � is expected to be positive. The �nal block

is a traditional Phillips curve de�ning the in�ation dynamics:

�t = �0+�1�t�1+�2yt�1+�3pm
TL
t +�4D06Q3+�5D07Q4+�6D08Q4+�7D09Q3+ "

�
t

(9)

where �t is the quarterly change in the consumer prices excluding unprocessed

food, alcoholic beverages, and tobacco. It is the core D index newly published

by the TurkStat.7 As the share of imported inputs is high in Turkey, the import

prices are e¤ective on the in�ation dynamics. pmTL
t ; quarter over quarter change

in import prices denominated in Turkish Lira, is added to equation (9) to capture

this e¤ect.8 Clearly, �1, �2; and �3 are all expected to be greater than zero. The

rest is time dummies with a value of 1 at Q3 of 2006, Q4 of 2007, Q4 of 2008 and

Q3 of 2009, and 0 otherwise.9

The sample length is constrained by the break in the Household Labor Force

Survey in 2005. Therefore, the data set covers 2005Q1-2016Q4 period. It is also

more convenient to start data from 2005 as the preceding periods either correspond

to a disin�ationary period under in�ation targeting or a di¤erent monetary policy

7It is the preferred price index instead of CPI due to the following reason: as shown in Ö¼günç
(2010) unprocessed food and tobacco prices have the highest unexpected volatility among the
sub-components of CPI in Turkey. It is quite problematic to model the evolution of in�ation
dynamics when there is high volatility as it either makes modeling impossible or causes selection
of irrelevant variables in the model. Also, these sub-components are beyond the control of
monetary policy. This is recognized in the In�ation Report of the Central Bank of Turkey,
and for this reason, since 2010, CBT publishes forecasts for the D index, as well. Therefore,
it is the D index which the monetary policy is e¤ective on through the output gap and other
transmission channels.

8Imported inputs play a signi�cant role in manufacturing production in Turkey. Indeed, in
And¬ç et al. (2015), it is shown that 60% percent of the marginal cost of production is foreign,
while 40% percent of it is domestic. Imports are in foreign currency. Therefore, change in the
nominal exchange rate and change in import prices (which is equivalent to say a change in TL
denominated import prices) a¤ect production costs, hence the overall price level. Indeed, Kara
and Ö¼günç (2012) show that a 10 percent shock to Turkish lira denominated import prices leads
to about 1.5 percentage points increase in core (D index) in�ation at the end of twelve months.
Therefore, import prices should be included as an explanatory variable when modeling in�ation
in Turkey.

9The dummies are included to provide concavity in the maximum likelihood function.
Without them, the model does not converge. They are chosen by carefully examining the
residuals of the IS and Phillips curve equations. It is noteworthy that 2 of the dummies in the
model coincide with the global recession period - a period hard to model thoroughly with any
macro variables.
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strategy in Turkey.

3 Results

3.1 Parameter and gap estimates

The estimated parameters of the model have the expected signs and are signi�cant

at the conventional levels (Table 2). Parameters �, � and � are calibrated at values

0.5, -0.001 and 0.8, respectively.10 Results show that the e¤ect of one percentage

point increase in the quarterly growth of foreign demand closes the output gap

(i.e., push the economy towards/above its potential) by 1.2 percentage points. The

calibration value for � indicates that a 100 basis points rise in the real interest

rate opens the output gap (i.e., pull the economy towards/under its potential) by

0.1 percentage points.

Traditionally, when the exchange rate depreciates, exports can rise while imports

fall leading to a rise in net exports and a smaller slack in the economy. However,

the exchange depreciation can increase the cost of production, as well as it can

disturb the balance sheet of �rms and expectations of the agents in the economy.

In such a situation, the domestic demand may deteriorate and cause the output

to fall behind its potential. Previous studies on the responsiveness of total real

exports to the real exchange rate in Turkey �nd no signi�cant relationship between

the two.11 This study points out that the e¤ect of real exchange rate on the

output gap in Turkey can be episodic or blurred by the global �nancial crisis

as the coe¢ cients before and after 2010 have opposite signs.12 In particular, one

10Residual standard errors of the model are also calibrated. Details are presented in Appendix
1. Without constraints on residuals no meaningful results could be obtained: the model never
converged, and the output gap was �at. Then, the model was run under di¤erent calibration
values for the residuals and without constraints on �; � and �. This way, estimates of these
parameters were obtained, which were similar in general. However, most of the time their
standard errors could not be solved and the model did not converge, though the output gap had
a more sensible shape. Hence, �; � and � are calibrated at values close to the estimates obtained
from these "residual-calibrated but parameter-set-free" estimations. The major reason for the
need of calibration is considered to be the small sample size.
11For instance see Atabek et al. (2014), Çulha and Kalafatc¬lar (2014) and Berument et al.

(2014).
12This �nding is consistent with Dincer and Kandil (2011). In their study, they argue that
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percentage point decrease in the real exchange rate, i.e., depreciation, is estimated

to open the output gap by 0.18 percentage points before 2010. Yet, b�2 is found to
be negative, which means that one percentage point depreciation in rert�1 closes

the output gap by 0.05 percentage points in the period after the �nancial crisis.

Output gap estimates, after (trend) smoothing, are presented in Graph 1. Results

show that the Turkish economy was operating above its potential just before the

global �nancial turmoil. However, upon the fall in the consumer and investor

con�dence, out�ow in capital, decrease in use of credits and recede in global

trade, the output gap turned out to be negative in 2009. Graph 1 also shows

the output gap estimates of the HP �lter and a simple multivariate �lter, which

excludes the macroeconomic variables employed in equation (4). All the results

look similar at �rst sight. Yet the HP �ltered output gap is more volatile than

the MV �ltered gaps, and as it will be shown in section 4, it is subject to greater

revisions. In the simple MV �lter, the economy is estimated to be below but closer

to its potential around 2009 compared to the MV �lter with macro variables. The

triggering reason for this di¤erence is the ruling out of information coming from

the foreign demand, yft , which collapsed in the global �nancial crisis. The more

recent estimates of the output gap indicate that there might be slack in the Turkish

economy upon the rising domestic and geopolitical uncertainties, as well as the

tightening in the �nancial conditions in the second half of 2016. Though, this

�nding should be taken with caution due to the end of sample uncertainty.

The estimate of the unemployment gap is shown in Graph 2 alongside with the

output gap. The goods market leads the labor market by one quarter. The

unemployment is estimated to be below the NAIRU before the global �nancial

crisis. Then, the unemployment rises above its trend. The more recent estimates

indicate a widening slack in the labor market, as the economic activity has fallen

behind its potential. Graph 3 shows the output gap estimates and in�ation. The

Phillips curve equation, equation (9), implies that if the output gap closes by

while an unexpected depreciation in real exchange rate led to a rise in exports in the 1996-2001
period, it had a contractionary e¤ect in the 2002-2008 period. When this is evaluated together
with the e¤ects of an unexpected appreciation, they conclude that volatility in the exchange rate
is detrimental for exports in the post-2002 era and improvement in the quality and accessing
new markets can be helpful in boosting exports.
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one percentage point, in�ation edges up by 0.1 percentage points.13 The past

in�ation is in�uential on current in�ation, as b�1 is approximately 0.42. Finally,
one percentage point rise in the quarterly change in import prices is estimated to

increase the quarterly in�ation by 0.06 percentage points.

3.2 Potential growth

Results suggest that while potential growth fell signi�cantly during the global

�nancial crisis, it improved in 2011-2013 period before its recent slown down

(Graph 4).

MV �lter de�nes potential output as the level of output consistent with stable

in�ation. Hence, potential growth obtained from this �lter can be interpreted as

the "constant in�ation rate of growth" if the output gap is zero. That is to say,

an increase in output that is equivalent to the magnitude of potential growth can

be in�ationary if the output gap is positive.

Potential output is a supply-side concept. Therefore, the reasons for the changes

in potential growth are examined through the lens of a production function.

The most widely used production function is Cobb-Douglas. However, assuming

only two factors of production, i.e., labor and capital, employing such a function

imposes two important assumptions. First, the elasticity of substitution between

labor and capital is assumed to be 1. Second, inputs�shares in national income

are assumed to be constant. Yet it should be kept in mind that neither of these

assumptions has to hold. For instance, Klump et al. (2007) show that labor and

capital are complements, i.e., elasticity is smaller than 1, in the US and the euro

area, and labor share in national income is non-stationary in latter. Moreover,

productivity is measured as a residual term in Cobb-Douglas function. However,

in the short-run, a residual can hardly be an indicator of productivity "only" as

it will also re�ect an unexplained part of output once the inputs are accounted

for.

Given these limitations, when the potential growth obtained from the MV �lter

13These �ndings remain broadly the same when the analysis is done with the GDP data
excluding agriculture. The results are available upon request.
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is decomposed into its sources via Cobb-Douglas, it is seen that the greatest

contribution comes from capital, which is followed by labor (Graph 5). Looking

at the last ten years, it can be noticed that productivity growth does not help too

much to reach higher levels of economic growth in Turkey. Even when the global

recession period is excluded, the contribution of TFP to potential growth is still

low on average.

3.3 Revision in national accounts: then and now

In December 2016, TurkStat has switched from ESA95 to ESA2010 methodology

in the implementation of the system of national accounts in Turkey. After this

revision, not only the level of GDP has increased in real and nominal terms,

but also the growth rates have scaled up after 2009. While the old GDP series

measured the average growth rate as 5.2 percent from 2010 to 2015, the new series

has shown that it was indeed 7.4 percent. The main reason for this rise is the

up-shift in the construction investments, which resulted from the improvement in

data sources. According to the TurkStat, new data sources rest more on o¢ cial

recordings and are more representative of the whole economy.

This major revision has evoked the following question: what has happened to the

output gap and potential growth? As shown in Graph 6, there is no systematic

upward or downward change in the output gap estimates.14 For some quarters,

such as 2008Q1 and 2011Q3, the new series implies a more positive output gap

compared to the old series, and for some others, such as 2014Q1 through 2014Q3, it

signals the reverse. Overall, out of 44 data points, 23 (21) are revised downwards

(upwards). However, volatility in the output gap is higher in the new series.

According to the 1998 based series, the Turkish economy seems to have gradually

increasing in�ationary pressures before the global recession. The period after

2013 is also marked by a positive output gap, which tends to close over time.

Yet the new series does not quite speak of persistence. These observations point

to something important for the policy-makers; evaluate the gap in the economic

activity jointly with the GDP-free-slack-informative indicators.

14The MV estimation results with the 1998 based GDP series is presented in Appendix 2.
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Graph 7 outlines the change in the potential growth. The main takeaway is;

potential growth has increased. The supply-side story of potential growth is the

same; the largest contribution used to come from capital and labor, respectively

(Graph 8). So, what explains the hike in potential growth? First, the capital

accumulation. With the increase in construction investments after the revision

in national accounts, capital stock has scaled up. It now grows stronger and

adds more to potential growth. Second, the contribution of TFP growth has

improved.15

4 Robustness Checks

Output gap is an unobserved variable. Therefore, the precision of output gap

estimates cannot be known. However, the estimated series can be compared with

respect to some criteria. Hence, the relative performance of the estimated series

can be assessed. In this section, the robustness of the obtained results is checked

in three ways. First, the output gap estimates obtained under di¤erent reasonable

calibration values are presented. Second, the relationship between the MV �ltered

output gap estimates and in�ation is compared to that between the HP �ltered

estimates and in�ation. Third, amount of revision in the output gap estimates

produced with the multivariate �lter is compared with the HP �lter when the

sample is recursively extended.

How sensitive are the output gap estimates to the calibration values? To answer

this question, output gap is estimated under various calibration values for �, �

and �: Graph 9 shows that the produced series are mainly in line with each other.

The most di¤erent output gap series seems to be the one when �, the e¤ect of yt�1
on yt, is evaluated at 0.7. However, this estimation has the lowest log likelihood

(Table 3).

MV �lter relates the output gap to changes in in�ation, whereas the HP �lter

drives output gap just relying on the GDP data. Therefore, it is expected that

15Using the 1998 based GDP series, Blagrave et al. (2015) present potential growth and
output gap estimates for Turkey. When the same series is employed, �ndings of this paper is
mainly in line with Blagrave et al. (2015), as shown in Appendix 2.
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the MV �lter has a stronger relationship with the in�ation compared to the HP

�lter. The correlation between the output gap and in�ation is 0.69 with the MV

�ltered output gap estimates and 0.60 with the HP �ltered ones (Table 4). If the

crisis period is excluded, the strength of the relation falls, though still stronger

with the MV �lter.

Output gap estimates are revised as new data become available. Yet the

policymakers would like to know the "precise" slack in the economy. Hence,

the smaller the revision, the better. Graph 10 and 11 present the quasireal-time

estimates of the HP and MV �lter as the sample is extended. These estimates are

obtained from recursive estimations using the last vintage of the GDP series.16

By visual inspection, the estimates coming from the multivariate �lter seem to

be less prone to revision than are estimates derived from an HP �lter towards

the sample end. The amount of revision can be measured quantitatively, as well.

In this respect, two di¤erent criteria are used. First criterion assumes that the

last output gap estimate is the "true" estimate and computes the revision in the

output gap series, for instance, at 2014Q1, as:���������
2016Q4P
t=2014Q1

(y2014Q1;t � y2014Q1;2016Q4)

11

��������� (10)

where y2014Q1;t means the observation at 2014Q1 of the output gap series ending

at time t: The denominator is the number of observations from 2014Q1 to 2016Q4.

The second criterion takes into account the revision in each recursive output gap

estimate and calculates the overall revision, say at 2014Q1, as:

16A more comprehensive analysis on total revision can only be done with the real-time
estimates of the output gap. To this aim, real-time GDP data are required. However, as of
early 2017, there are only two vintages of the GDP series after the revision in the system of
national accounts in Turkey. The �rst vintage is from 1998Q1 to 2016Q3, the second is from
1998Q1 to 2016Q4. Hence, a quasireal-time exercise is the only possible option with the available
data.
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���������
2016Q4P
t=2014Q1

y2014Q1;t+1 � y2014Q1;t

11

��������� (11)

As shown in Graph 12 and 13, both criteria imply that revision in the output gap

coming from the MV �lter is smaller than the HP �lter.17 This is because more

identifying information is used in the former compared to the latter. However, the

upward trends in those graphs indicate that both �lters su¤er from the end-sample

bias. That is, the most recent estimates are the ones that are revised most

signi�cantly.

Why are the output gap estimates revised? One reason is the revision in the

actual GDP series with the new data. However, this cannot be an answer in

this analysis since only the last vintage of data is used. In the context of this

paper, revision can be due to two reasons. First, the e¤ect of new data points to

the estimated parameters of the model can lead to a change in the output gap

estimates. Second, use of full sample information compared to partial one can

cause an update in the estimated series. The latter reason occurs due to smoothing

process in �ltering. Graph 14 shows recursive estimates of the output gap with the

non-smoothed trend.18 Immediately noticed is the stability in the non-smoothed

estimates. That is, the addition of new information does not induce a major

change in the estimated parameters of the model. Therefore, it is the smoothing

in the potential output that causes revisions in the output gap displayed in Graph

11.19 If so, then why do we smooth out the potential output? The reason may

17This �nding holds when the MV �lter is calibrated at di¤erent values, as well. Those results
are available upon request. Also, the results are valid if the �rst criterion is calculated using
root mean squared error.
18To be precise, non-smoothed output gap estimates are obtained by predicting the potential

output at each period using the previous and contemporaneous data by the Kalman �lter. On
the other hand, smoothed estimates are produced when the potential output is predicted using
all the sample information at each period.
19In the context of Orphanides and van Norden (2002), this suggests that the di¤erence

between quasi�nal and quasireal output gap estimates accounts for the revision in Turkey.
Similarly, they argue that adding a Phillips curve relation to di¤erent unobserved components
models for the US GDP, does not enhance the reliability of the output gap estimates as the
mentioned di¤erence is particularly large for the period between 1995:1-2000:1.
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be lying in the belief that shocks to the economy are shocks to aggregate demand

primarily, with supply conditions largely una¤ected, so an economy�s capacity to

produce does not change signi�cantly from today to tomorrow.

5 Conclusion

In this paper, using the multivariate �lter, estimates of the potential output and

output gap are presented for Turkey. The �lter embeds some basic economic

theory as it derives the output gap taking into account in�ation and unemployment.

Results show that the deepest economic slack was experienced in 2009. After that,

the Turkish economy has had in�ationary and disin�ationary cycles.

The MV �lter is also run with the 1998 based GDP series. Findings suggest that

the output gap used to be less volatile and potential growth used to be lower

with the old series. A simple growth accounting exercise reveals that the rise in

potential growth implied by the new series hinges on the higher capital stock and

improvement in productivity growth.

The output gap estimates are found to be robust at di¤erent calibration values.

MV �ltered output gap is shown to have a stronger relationship with the in�ation

compared to the HP �ltered one. Moreover, with incremental extensions in the

sample size, the revisions in the estimates of the MV �lter are shown to be smaller

relative to the HP �lter. Yet it should be noted that end-of-sample problem

remains an issue. The �ndings in this study imply that the multivariate �lter

is a useful tool to assess the potential output and output gap in Turkey. To

alleviate the above-mentioned bias and to guard against cases like major revisions

in the national accounts, it is recommended that the most recent estimates be

evaluated together with other indicators of economic slack when guiding the

policy. A similar approach should be adopted in the design of policies resting

on the potential growth since combining potential output estimates derived under

di¤erent methodologies can incorporate a wider set of information.

The future work can extend this paper in two directions. First, the output

gap equation can be augmented with other macroeconomic variables such as

14



�scal stance. Second, a fourth block linking the credit market dynamics to

the real economy can be added to the model. Leaving aside �ltering, research

directed at estimating potential output and output gap in a more structural and

micro-founded framework for Turkey will �ll a gap in the literature. However, the

most valuable e¤orts will be the ones directed at improving the reliability of the

real-time estimates.
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Table 1: Data descriptions

Variable Description Use Source

Yt GDP log, SA, level TurkStat

rt real interest rate

di¤erence between interest on

commercial credits in TL and

12m annual in�ation

expectations, level

Central Bank

of Turkey

rert real e¤ective exchange rate quarterly percentage change
Central Bank

of Turkey

yft
export-weighted foreign

demand

SA, quarterly percentage

change
Eren (2013)

Ut Unemployment rate log, SA, level TurkStat

�t core price index D
SA, quarterly percentage

change

TurkStat,

author�s

calculations

pmTL
t import prices in TL quarterly percentage change TurkStat
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Table 2: Model estimation, 2005Q1-2016Q4
(1) (2) (3) (4) (5) (6) (7) (8) (9)

�Yt 1

yt 1
�Yt�1 1

G
�Y
t 1

G
�Y
t�1 1

yt�1
0.5 0.76*** 11.06***

(6.5e-06) (3.72)

rt�1 -0.001

rert�1
0.0018**

(0.0009)

rert�1D10
-0.0024**

(0.0012)

yft
0.012***

(0.004)

D08Q1
0.042**

(0.017)
�Ut 1

ut -1
�Ut�1 1

G
�U
t 1

G
�U
t�1 1

ut�1 0.8

�t�1
0.42***

(0.10)

pmTL
t

0.06***

(0.012)

D06Q3
1.16***

(0.41)

D07Q4
1.30***

(0.42)

D08Q4
-1.02**

(0.45)

D09Q3
1.41***

(0.45)

constant
0.91***

(0.22)

Notes : The �rst row shows the equation numbers. Dependent variable of each equation is di¤erent. Standard errors

in paranthesis. */**/*** show the signi�cance at 10, 5 and 1 percent, respectively.
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Table 3: Robustness checks at di¤erent calibration values

� � �
Log

Likelihood
AIC BIC

0.7 -0.001 0.8 150.0 -264.0 -231.1

0.6 -0.0007 0.9 150.4 -264.8 -231.9

0.6 -0.001 0.9 150.8 -265.5 -232.6

0.5 -0.0012 0.9 151.2 -266.3 -233.4

0.5 -0.001 0.9 151.2 -266.4 -233.5

0.5 -0.001 0.8 152.2 -268.3 -235.4

Notes: Last row is the baseline speci�cation.

Table 4: Correlation between in�ation and output gap

2005Q3-2016Q4 2012Q1-2016Q4

MV �lter HP �lter MV �lter HP �lter

cor(�t, yt�2) 0.40 0.37 0.07 -0.06

cor(�t, yt�1) 0.69 0.60 0.22 -0.01

cor(�t, yt) 0.50 0.51 0.11 0.02

cor(�t, yt+1) 0.12 0.25 -0.28 -0.26

cor(�t, yt+2) -0.14 0.07 0.02 -0.01
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Graph 1: Output gap estimates with the multivariate �lter
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Graph 2: Unemployment gap estimates with the multivariate �lter
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Graph 3: Output gap estimates vs. quarterly in�ation
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Graph 4: Potential growth in Turkey
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Graph 5: Contributions of labor, capital and TFP to potential growth,
new GDP series
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Graph 6: Output gap estimates with new and old GDP series
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Graph 7: Potential growth in Turkey with new and old GDP series
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Graph 9: Output gap estimates at di¤erent calibration values
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Graph 10: Revision in output gap estimates of the HP �lter
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Graph 11: Revision in output gap estimates of the MV �lter
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Graph 12: Amount of revision in the output gap estimates, criterion 1
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Graph 13: Amount of revision in the output gap estimates, criterion 2
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Graph 14: Revision in output gap estimates of the MV �lter with
non-smoothed trend
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Appendix 1

Table A1: Calibration values of residual standart errors
Calibrated value

"
�Y
t 0.7

"G
�Y

t
0.3

"yt 1.4
"
�U
t 2.1

"G
�U

t
1.9

"ut 2.8
"�t 0.4
Notes : The table indicates that � �Y =2�G �Y

and � �U=1.1�G �U

Appendix 2

Table A2: Model estimation, 2005Q1-2016Q2, 1998 based GDP series
(1) (2) (3) (4) (5) (6) (7) (8) (9)

�Yt 1
yt 1
�Yt�1 1
G
�Y
t 1

G
�Y
t�1 1

yt�1
0.5 0.83*** 11.2**

(5.05e-06) (4.42)
rt�1 -0.001

rert�1
0.0015**
(0.0006)

rert�1D10
-0.0017**
(0.0008)

yft
0.019***
(0.003)

D06Q1
-0.022**
(0.009)

D08Q3
0.019*
(0.010)

D08Q4
-0.03**
(0.013)

�Ut 1
ut -1
�Ut�1 1
G
�U
t 1

G
�U
t�1 1

ut�1 0.8

�t�1
0.4***
(0.12)

pmTL
t

0.06***
(0.016)

D09Q3
1.46**
(0.61)

constant
1.03***
(0.25)

Notes : The �rst row shows the equation numbers. Dependent variable of each equation is di¤erent. Standard errors
in paranthesis. */**/*** show the signi�cance at 10, 5 and 1 percent, respectively.
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Graph A2: Comparison of potential growth estimates with old GDP
series
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