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I. INTRODUCTION

Turkey is a large and open emerging market economy that has experienced sizable swings of
the real effective exchange rate (REER) over the last 20 years. This makes it a suitable case
study of the importance of REER adjustments in restoring external balance. This question has
gained prominence in the wake of the global financial crisis, due to a perception that the siz-
able REER realignments across the world have not translated in a commensurate correction
of global external imbalances. On the one hand, cross-country studies have tended to confirm
the stability of the link between REER and real trade balances (Cardarelli and Rebucci, 2007;
Leigh and others, 2015). On the other hand, analyses of individual country experiences of-
ten discount REER’s importance in correcting trade imbalances (Aldan, Bozok, and Gunay
(2015), Çulha and Kalafatçılar (2014); and Bozok, Dogan, and Yunculer (2015) in the case of
Turkey; Li, Ma, and Xu (2015) for China).

In Turkey, the REER appreciated by close to 25% over the ten years before the 2008-09 global
financial crisis, before relinquishing most of these gains through end-2017 (Figure 1, left
panel).1 During the REER appreciation phase, in line with theoretical priors, the current ac-
count deficit widened to over 5% of GDP (Figure 1, right panel). However, it has since hardly
bulged, despite sustained REER depreciation. This is mainly due to a wedge between the
nominal current account-to-GDP and the real trade balance-to-GDP ratios, which has opened
since the mid-2010 (Figure 2, left panel). The real trade balance—which is behaviorally linked
to the REER—has been much more responsive to REER movements, but its post-2008 im-
provement has still fallen short of retracing its preceding deterioration (Figure 2, right panel).

Given its sizeable and persistent current account deficit, the size of Turkey’s trade elastici-
ties has been studied extensively. Ekinci, Kilinc and others (2013) survey empirical studies
of REER elasticities of real exports and imports, carried out mostly with pre-2008 data. They
find large dispersion of coefficients, with absolute values of the two elasticities in the range
of 0.3 to 0.9. Çulha and Kalafatçılar (2014) survey empirical studies of income and REER
elasticities of real exports, also carried out mostly with pre-2008 data. The authors report
even wider range of estimates of the REER elasticity that includes both positive and nega-
tive values. At the same time, income elasticities were found to be typically higher than the
absolute value of the REER elasticities and larger than one. Aldan, Bozok, and Gunay (2015)
summarize the findings of the received literature on import elasticities as showing that the in-
come elasticity of imports is also higher than their price elasticity. In the case of both exports

1The data sample used in the paper ends in 2017, as the empirical analysis was carried out in the summer of
2017 and finalized by mid-2018.

http://www.imf.org/~/media/Websites/IMF/imported-flagship-issues/external/pubs/ft/weo/2007/01/pdf/_c3pdf.ashx
http://www.imf.org/~/media/Websites/IMF/imported-flagship-issues/external/pubs/ft/weo/2007/01/pdf/_c3pdf.ashx
http://www.tcmb.gov.tr/wps/wcm/connect/c0ae5b5d-c475-4602-86a3-d068f7e6c891/WP1225.pdf?MOD=AJPERES&CACHEID=ROOTWORKSPACE-c0ae5b5d-c475-4602-86a3-d068f7e6c891-m3fw5-5
http://www.tcmb.gov.tr/wps/wcm/connect/c0ae5b5d-c475-4602-86a3-d068f7e6c891/WP1225.pdf?MOD=AJPERES&CACHEID=ROOTWORKSPACE-c0ae5b5d-c475-4602-86a3-d068f7e6c891-m3fw5-5
http://www.tcmb.gov.tr/wps/wcm/connect/04252fdb-1cfb-4916-a8c1-2e5dce8ad399/EN1405eng.pdf?MOD=AJPERES&CACHEID=ROOTWORKSPACE-04252fdb-1cfb-4916-a8c1-2e5dce8ad399-m3fw5jQ
https://ideas.repec.org/p/tcb/wpaper/1526.html
https://www.sciencedirect.com/science/article/pii/S002219961500080X
http://www.tcmb.gov.tr/wps/wcm/connect/e38dea79-7c4a-498e-935f-96896f0b37db/EN1326eng.pdf?MOD=AJPERES&CACHEID=ROOTWORKSPACE-e38dea79-7c4a-498e-935f-96896f0b37db-m3fw5gI
http://www.tcmb.gov.tr/wps/wcm/connect/04252fdb-1cfb-4916-a8c1-2e5dce8ad399/EN1405eng.pdf?MOD=AJPERES&CACHEID=ROOTWORKSPACE-04252fdb-1cfb-4916-a8c1-2e5dce8ad399-m3fw5jQ
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(Bozok, Dogan, and Yunculer, 2015) and imports (Aldan, Bozok, and Gunay, 2015), recent
studies find that income is a more important determinant of trade flows than the REER.

Figure 1. Turkey: REER and Nominal Current Account, 1998-2017

Source: Turkey Statistical Institute and authors calculations.
Notes: Increase of REER corresponds to real appreciation of the Lira.

Figure 2. Turkey: Nominal Current Account and Real Trade Balance, 1998-2017

Source: Turkey Statistical Institute and authors calculations.
Notes: Real trade balance is equal to the difference between real exports (nominal values deflated by the export defla-
tor) and real imports (nominal values deflated by the import deflator).

In this paper, we seek to contribute to the empirical literature on the drivers of real trade bal-
ance adjustment in Turkey and the broader debate on the role of exchange rates in restoring
external balance in the wake of the global financial crisis. We estimate the long-run elastici-
ties of real exports and imports in a partial-equilibrium model that is common in the empirical
literature (Hooper, Johnson, and Marquez, 2002; Krugman, 1989). The wide range of esti-
mates of trade elasticities in Turkey—derived from data covering different time periods and
using different econometric techniques—hints at the likely presence of structural breaks in

https://www.sciencedirect.com/science/article/pii/0014292189900135


7

the estimated relationships. We address this issue systematically, by using longer time se-
ries and estimation techniques, such as rolling, sub-sample, autoregressive-distributed lag
(ARDL) regressions, full-sample ARDL regressions with REER interaction terms, and non-
linear autoregressive distributed lag (NARDL) regressions, that allow us to detect and control
for structural breaks in the data.

The remainder of the paper is organized as follows. Section II presents the analytical frame-
work used. Section III discusses the data and presents some stylized facts. Section IV con-
tains the main regression findings, with robustness checks shown in Appendix A. Section ??
interprets the empirical results with references to recent advances in the literature on REER
effectiveness. Section VI provides a summary of our main findings.

II. ANALYTICAL FRAMEWORK

In the partial-equilibrium, trade-elasticities approach, the trade balance is determined by the
real incomes and relative prices in trade partners (Montiel, 2002). It is a structural model that
is consistent with more complex general equilibrium models (Dekle, Eaton, and Kortum,
2007; Eaton and Kortum, 2002; Montiel, 2002). In its most concise formulation, the trade
balance depends on a single relative price, namely the real effective exchange rate (Krugman,
1989).

In this paper, the real effective exchange rate (REER or Q
′
in the equations below) is de-

fined as the ratio of the domestic (e.g., Turkey’s) price level to a trade-weighted index of for-
eign price levels, each converted into Turkish Lira using the bilateral nominal exchange rates
(Montiel, 2002). The real trade balance can then be written as:2

T B = X−M = X− M̃
Q′

(1)

T B — real trade balance in chain-linked Turkish Lira (reference year = 2009) (i.e., ex-
pressed in domestic consumer goods baskets);

X — real exports in chain-linked Turkish Lira (reference year = 2009);

M̃ — real imports in chain-linked foreign currency (i.e., expressed in foreign consumer
goods baskets);

2For simplicity, we derive the main relationships in the model for the special case of one trade partner. See
Appendix B.1 for the general formula of the REER used in the empirical part of the paper.

https://onlinelibrary.wiley.com/doi/abs/10.1111/1468-0262.00352
https://onlinelibrary.wiley.com/doi/abs/10.1111/1468-0262.00352
https://www.sciencedirect.com/science/article/pii/0014292189900135
https://www.sciencedirect.com/science/article/pii/0014292189900135
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1
Q′

— transforms foreign consumer goods baskets in equivalent amount of domestic
ones.

Box 1. Definition of Real Effective Exchange Rate

In the two-country case, the REER is given by the following expression:

Q
′
=

P

S · P̃
P — domestic CPI;

P̃ — CPI in trade partner;

S — exchange rate expressed as domestic currency units per one unit of foreign
currency.

The REER is the relative price of the domestic and foreign consumer goods baskets,
both expressed in domestic currency units. Everything else held constant, a nominal
depreciation (higher S) would translate in lower Q

′
. The relative price of the domestic

and foreign consumer goods baskets declines as a result of the loss of value of the do-
mestic currency. A decline/increase of Q

′
reflects real depreciation/appreciation of the

domestic currency, as can be seen by re-arranging the RHS of the equation:

Q
′
=

1
S ·

1
P̃

1
P

The denominator of the ratio can be interpreted as the fraction of the domestic con-
sumer goods basket that can be bought with one unit of the domestic currency. The
nominator is the fraction of the foreign consumer goods basket that can be purchased
by converting one domestic currency unit into the foreign currency. A decrease in Q

′

would then mean that one domestic currency unit would buy less of the foreign goods
basket than of the domestic one than before, resulting in real depreciation of the do-
mestic currency.

Source: McCallum (1996)

Both real exports and imports are functions of the relative price of the domestic and foreign
goods and real incomes at home and abroad, respectively.

For imports, the relationship captures the domestic demand for imports, which is positively
related to both the real domestic income (GDP) and the relative price of the domestic and
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foreign consumer goods baskets (Montiel, 2002):

M̃ = M̃(Y,Q
′
) (2)

Y — Turkey’s real GDP in chain-linked Turkish Lira (i.e., expressed in domestic con-
sumer goods baskets);

∂M̃
∂Y > 0; and ∂M̃

∂Q′
> 0.

For exports, the relationship can be interpreted as the foreign demand for Turkey’s exports
or as Turkey’s supply of exports, depending on the underlying assumptions about the proper-
ties of the domestic supply of exports and foreign demand for them (Montiel, 2002). In both
cases, exports are positively related to real foreign income (GDP) and negatively related to
the relative price of the domestic and foreign consumer goods baskets:

X = X(Ỹ ,Q
′
) (3)

Ỹ — foreign real GDP (i.e., expressed in foreign consumer goods baskets);

∂X
∂Ỹ

> 0; and ∂X
∂Q′

< 0.

Equation (1) can be differentiated with respect to time (t):

dT B
dt

=
∂X

∂Ỹ

dỸ
dt

+
∂X
∂Q′

dQ′

dt
−

∂M̃
∂Y Q′

Q′2
dY
dt
−

∂M̃
∂Q′Q

′− M̃

Q′2
dQ′

dt
(4)

We can then define the elasticities of real exports and imports with respect to the real ex-
change rate in such a way that they are both positive numbers (McCallum, 1996):

η
X =− ∂X

∂Q′
Q
′

X
> 0

η
M̃ =

∂M̃
∂Q′

Q
′

M̃
> 0

The elasticities of real exports and imports with respect to the real foreign and domestic in-
come, respectively, are given by:

ε
X =

∂X

∂Ỹ

Ỹ
X

> 0

ε
M̃ =

∂M̃
∂Y

Y

M̃
> 0
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Substituting the relative price and income elasticities in equation (4) gives:

dT B
dt

1
T B

=
X

T B
(εX ˙̃y−η

X q̇′)− M
T B

(εM̃ ẏ+(ηM̃−1)q̇′) (5)

ẏ = dY/dt
Y , ˙̃y = dỸ/dt

Ỹ
, and q̇′ = dQ′/dt

Q′ — growth rates of domestic income (Y ), foreign
income (Ỹ ), and REER (Q

′
), respectively;

M — real imports expressed in domestic consumer goods baskets;

dT B/dt
T B = ˙tb — growth rate of the real trade balance.

Defining the real export-import ratio as α = X
M and substituting it in equation (5) allows us to

further simplify the expression:

˙tb =
α

α−1
(εX ˙̃y−η

X q̇′)− 1
α−1

(εM̃ ẏ+(ηM̃−1)q̇′) (6)

˙tb =
1

1−α

(
ε

M̃ ẏ−αε
X ˙̃y︸ ︷︷ ︸

Income Effect

+ q̇′
(
αη

X +η
M̃−1

)︸ ︷︷ ︸
Substitution Effect

)
(7)

Equation (7) decomposes the growth rate of the real trade balance into contributions from
changes of the REER and the domestic-foreign income growth differential. Starting from a
real trade deficit (1−α > 0), a narrowing of the deficit ( ˙tb < 0)3 requires the following condi-
tion to be met:4

ε
M̃ ẏ−αε

X ˙̃y︸ ︷︷ ︸
Income Effect

+ q̇′
(
αη

X +η
M̃−1

)︸ ︷︷ ︸
Substitution Effect

< 0 (8)

The Marshall-Lerner condition is a special case of condition (8), when the income effect is
zero. In the case of REER depreciation (q

′
< 0), narrowing of the trade deficit in levels re-

quires:
αη

X +η
M̃ > 1 (9)

The domestic-foreign income growth differential would contribute to the narrowing of the
real trade balance, if the ratio of domestic to foreign income growth rates is smaller than the

3Starting from (T B < 0), a narrowing of the deficit in levels ( dT B
dt > 0) implies a negative growth rate of the real

trade balance ( ˙tb = dT B
dt

1
T B < 0).

4Krugman (1989) derived equation (8) in the special case, in which the initial real trade balance is zero (see
Hooper, Johnson, and Marquez (2002) for a correction to the published formula).

https://www.sciencedirect.com/science/article/pii/0014292189900135
https://onlinelibrary.wiley.com/doi/abs/10.1111/1468-0297.t01-11-00050
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appropriately scaled ratio of income elasticities of real exports and imports:

ẏ
˙̃y
<

αεX

εM̃
(10)

In the general case, REER depreciation (q̇′ < 0) will result in an improvement of the real trade
balance ( ˙tb < 0), if the substitution effect dominates the effect of the domestic-foreign income
growth differential.

III. FIRST LOOK AT THE DATA

Our sample consists of quarterly data over the period 1998-2017.5 The central bank of Tur-
key (CBRT) publishes data on the consumption-based real effective exchange rate (CPI-based
REER) starting in 2003. We construct longer CPI-based REER series and use them to back-
cast the pre-2003 levels of TurkStat’s REER series (Appendix B.1). Our calculations are
closely aligned with TurkStat’s published REER series from 2003 onward (Figure 3). Data
on exports and imports include both goods and services. Their nominal and real values are
taken from TurkStat’s national accounts data and are the same series used in the expenditure-
side GDP compilation. Details on the calculation of the real domestic and foreign incomes
can also be found in Appendix B.1.

Figure 3. Turkey: Comparison of REER Estimates, 1998-2017

Source: Turkey Statistical Institute and authors calculations.

5The starting year of the sample is determined by the availability of the revised GDP data published by Turk-
Stat. The sample ends in 2017, as the empirical analysis was carried out in the summer of 2017 and finalized by
mid-2018.
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Figure 4. Turkey: REER and Real Trade Flows, 1998-2017

Source: Turkey Statistical Institute and authors estimations.
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Our theoretical priors suggest a positive relationship of the REER—which proxies the relative
price of the domestic and foreign consumer goods baskets—with real imports and a negative
one with real exports. The link between the REER and the real trade balance, which is given
by the difference between real exports and imports, would depend on whether the Marshall-
Lerner condition is met and whether the substitution effect, triggered by the REER deprecia-
tion, is greater in absolute term than the income effect (Section II).

The scatter plots of real exports and imports against the REER (Figure 4) suggest that whereas
the interdependence between the variables can be reasonably described by linear relation-
ships, there are structural breaks around the time the direction of the secular REER trend
changed from appreciation to depreciation (Figure 1). Despite these structural breaks, the
real trade balance is negatively correlated with the REER both in the full sample and in each
of the two sub-samples (Figure 4). The reason for this is that, prior to the third quarter of
2008, the link between real imports and the REER was very strong, and the real trade balance
was further supported by the lack of a negative impact of REER appreciation on real exports
(Figure 4). After the third quarter of 2008, the sign of the correlation between exports and the
REER turned negative, which was conducive of real trade balance correction, counteracting
the weakening of the link between real imports and the REER.

IV. REGRESSION ESTIMATION

A. Regression Specification

We estimate the long-run elasticities of trade flows in Turkey using a complementary set of
econometric techniques that allow us to detect and control for structural breaks in the data.

1. ARDL Model

We base our empirical analysis on the estimation of the Turkish demand for imports (Equa-
tion (2)) and the foreign demand for exports from Turkey (Equation (3)) in their autoregressive-
distributed lag (ARDL) forms (Hendry, 1995).6 The ARDL model captures both the short-
and long-run dynamics of the relationship between the dependent and explanatory variables:

yt = α0 +
p

∑
i=1

αiyt−i +
p

∑
i=0

βββ
′
ixt−i + εt (11)

6We also estimate a model of Turkey’s real trade balance to GDP ratio, in which the income variable is the ratio
between domestic and foreign real incomes.
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y — Turkey’s real exports expressed in Turkish Lira or Turkey’s real imports expressed
in US dollars, both in logs;

xxx — includes the log of REER and the real income in Turkey or in its trade partners,
both in logs;

p — lag-length chosen to ensure uncorrelated residuals.

The long-run trade elasticities (δδδ ) can then be derived from the ARDL model (Equation (11)),
under the stability condition that all roots of the lag polynomial 1−∑

p
i=1 αiLp are outside the

unit circle:
y∗ =

α0

(1−∑
p
i=1 αi)

+δδδ
′′′xxx∗ (12)

δδδ =
∑

p
i=0 βββ i

(1−∑
p
i=1 αi)

— long-run trade elasticities.

The equilibrium-correction (EC) model isomorphic to Equation (11) is given by:

∆yt =−θ (yt−1−
α0

θ
−δδδ

′′′xxxt−1)︸ ︷︷ ︸
Error-correction term

+
p−1

∑
i=1

γi∆yt−i +
p−1

∑
i=0

ρρρ
′′′
iii∆xt−i +ut (13)

θ = 1−∑
p
i=1 αi — fraction of last period’s disequilibrium (i.e., deviation of the depen-

dent variable from its value consistent with long-run fundamentals) eliminated in the
current one.7

Pesaran and Shin (1998) show that the estimates of the short-run and long-run coefficients
derived from the ARDL model are consistent, irrespective of whether the regressors are ex-
ogenous or endogenous and whether they have unit roots or not.

Given the likely presence of structural breaks in the link between real trade flows and the
REER (Figure 4), we fit the ARDL model on both the full sample and different data sub-
samples. We complement the ARDL sub-sample regression findings with results from using
the full sample to estimate ARDL model with REER interaction term. Compared to the sub-
sample ARDL regressions, such a specification has the advantage of using more data in esti-
mating the coefficients not affected by structural breaks. We use Stata’s ardl package to report
the long-run coefficients of the estimated models, derived from their equilibrium-correction
forms (Equation (13)).

7It is the existence of this correction mechanism that ensures that the dynamic adjustment of real trade flows
will eventually bring them to their long-run steady states.

http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.153.3246&rep=rep1&type=pdf
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2. NARDL Model

The raw data suggest that structural breaks in the relationship between the REER and real
trade flows occurred around the time the direction of the secular REER trend changed from
appreciation to depreciation (Figures 1 and 4). The sub-sample ARDL regressions and the
full-sample ARDL regressions with REER interaction-term offer a more robust way of pin-
pointing the timing of the structural breaks. A complementary approach is to formally test
for asymmetry in the impact of the REER on real trade flows in periods of appreciation and
depreciation, using the nonlinear autoregressive distributed lag (NARDL) model.

Shin, Yu, and Greenwood-Nimmo (2014) extend the standard ARDL model to allow for
short- and long-run nonlinearities in the relationship between the dependent and explanatory
variables, which are introduced via positive and negative partial sum decompositions of the
explanatory variables in Equation (11):

yt = φ0 +
n

∑
j=1

φ jyt− j +
n

∑
j=0

(θθθ+′
j X+

t− j +θθθ
−′
j X−t− j)+ εt (14)

Xt — k×1 vector of regressors defined such that Xt = X0 +X+
t +X−t ;

X+ and X− — partial sum processes of positive and negative changes in Xt ;

X+ = ∑
t
j=1 ∆X+

j = ∑
t
j=1 max(∆X j,0);

X− = ∑
t
j=1 ∆X−j = ∑

t
j=1 min(∆X j,0);

θθθ
+
j and θθθ

−
j — asymmetric distributed-lag parameters.

Equation (14) can also be re-written and estimated in its equilibrium-correction form. The
NARDL model corrects for weak endogeneity of nonstationary explanatory variables, while
the choice of an appropriate lag structure renders the model free from residual autocorrela-
tion.

We estimate NARDL models for real exports, imports, and trade balance, allowing for asym-
metry only in the long-run REER elasticities. We use Stata package, developed by Shin, Yu,
and Greenwood-Nimmo (2014), to report the long-run coefficients of the estimated models,
derived from their equilibrium-correction forms.
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B. Regression Results

1. Long-Run Export Elasticities

(a) Long-Run REER Elasticity of Exports

Table 1 shows the estimates of the long-run elasticities of real exports and the error-correction
coefficient over different sample periods. Over the full sample, the long-run REER elasticity
of real exports is statistically insignificant. However, as seen in Figure 4, there is evidence of
a structural break in the relationship, which raises questions about the relevance of the full-
sample estimate for the most recent period. To formally test for the existence of structural
breaks, we split the sample in two at different interior data points and perform a Wald test of
the hypothesis that the REER coefficient is the same in the two sub-samples. Results point to
a structural break in the second half of 2008 (Figure 5).

Table 1. Long-Run Trade Elasticities of Real Exports (Lira) in ARDL Model

1998q1-2017q4 1998q1-2008q2 2008q3-2017q4

Error-correction coeff. -0.46*** -0.59*** -0.35***
(0.09) (0.13) (0.13)

Long-run coeff. ln REER 0.04 0.14 -0.73
(0.10) (0.14) (0.51)

ln Foreign Income 3.06*** 2.87*** 2.03***
(0.10) (0.21) (0.74)

R2 0.98 0.97 0.94
N 76 38 38
Bounds test F-stat 8.68*** 7.67*** 3.40***
B-G 1st order F-stat 0.14 0.06 0.70
B-G 2nd order F-stat 0.55 0.17 0.46

Notes: The lag structure is selected automatically based on the AIC and BIC criteria. The Bounds Test F-
statistic tests the null hypothesis of no long-run/cointegrating relationship. The Breusch-Godfrey LM statistic
tests the null hypothesis of no residual autocorrelation at a given lag. ***p<0.01, **p<0.05, *p<0.1. The long-
run specification includes a constant, which is omitted from the regression output. The R2 reported in the table
are estimated from the ARDL specification in levels.
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Figure 5. Recursive Wald Stability Test for Long-Run
REER Elasticity of Real Exports in ARDL Model

Notes: Plotted are the Wald statistics for coefficient stability across
pairs of sub-samples, created by splitting the full sample at each point
shown on the horizontal axis. The horizontal red line shows the 10
percent critical value with 5 degrees of freedom. The common lag
structure used on all sub-samples is the one derived from full-sample
ARDL specification.

Re-estimation of the regression before and after 2008 suggests that the sign of the REER elas-
ticity of real exports switched from positive to negative after the crisis, though the lack of
long enough series prevents the precise estimation of the regression coefficients (Table 1).
The two sub-samples roughly correspond to the secular periods of real appreciation and de-
preciation of the Lira (Figure 1), confirming the data patterns observed in Figure 4. Rolling
estimation of the long-run elasticities points to the importance of the post-2011 observations
for the switch of the sign of the REER elasticity of real exports (Figure 6). This is around the
time when the long-run REER depreciation intensified to over 2% per year (Figure 7).
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Figure 6. Rolling Estimation of Long-Run Export Trade Elas-
ticities and Error Correction Coefficient in ARDL Model

Notes: 42 quarter (around 10.5 years) rolling window. The horizontal
axis shows the end period of the rolling window. Red lines indicate the
95 % confidence interval.
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Figure 7. Turkey: Annual Growth Rate of Long-Run
Trend of REER, 1998-2017

Data Sources: Turkey Statistical Institute and authors calculations.
Notes: 4-Quarter difference of H-P trend of REER. The scale of the
vertical axis is inverted. Decrease of REER corresponds to real depre-
ciation of the Lira.

Table 2. Long-Run Trade Elasticities of Real Exports (Lira) with REER Inter-
action Term in ARDL Model

ln Real Exports (Lira)

Error-correction coeff. -0.38***
(0.08)

Long-run coeff. ln REER -0.39
(0.29)

lnREER×Dummy (pre-2008q3=1) 0.24*
(0.13)

ln Foreign Income 2.71***
(0.24)

R2 0.98
N 79
Bounds test F-stat 8.16***
B-G 1st order F-stat 0.75
B-G 2nd order F-stat 0.98

Notes: The lag structure is selected automatically based on the AIC and BIC criteria for the
model without interaction term. The Bounds Test F-statistic tests the null hypothesis of no
long-run/cointegrating relationship. The Breusch-Godfrey LM statistic tests the null hypothe-
sis of no residual autocorrelation at a given lag. ***p<0.01, **p<0.05, *p<0.1. The long-run
specification includes a constant, which is omitted from the regression output.
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In Table 2, we report the results from estimating the full-sample ARDL model with an inter-
action term between REER and a dummy variable that takes a value of one prior to the third
quarter of 2008 and zero afterward. Results confirm the finding from the sub-sample esti-
mates in Table 1 that the sign of the REER elasticity of real exports switched from positive to
negative at end-2008.

Table 3. Long-Run Trade Elasticities of Real Exports (Lira)
in NARDL Model

Var. Coeff. F-statistics P-value
lnREER+ 0.041 0.099 0.754
lnREER− -0.234 1.771 0.188
ln Foreign Income (USD) 1.851*** 9.577 0.003

R2 0.334
FPSS 4.724***
WLR 0.275**
B-G 1st order F-stat 0.32
B-G 2nd order F-stat 0.75

Notes: lnREER+ and lnREER− denote the partial sum process
of positive and negative changes of lnREER and we report the
long-run coefficients of lnREER+ and lnREER− here. The pre-
ferred specification is selected starting with 4 lags for all variables
and dropping the variables with insignificant coefficients. FPSS is the
PSS F-statistic for the existence of an asymmetric (cointegrating)
long-run relationship in the NARDL model. WLR refers to the Wald
test of long-run symmetry (lnREER+ = lnREER−) and p-value is
in the bracket. The Breusch-Godfrey LM statistic tests the null hy-
pothesis of no residual autocorrelation at a given lag. ***p<0.01,
**p<0.05, *p<0.1.

Results from the full-sample NARDL model provide further evidence of asymmetry of the
impact of the REER on real exports in secular periods of real appreciation and depreciation
(Table 3). The Wald test of the equality of the long-run coefficients lnREER+ and lnREER−

rejects the null hypothesis at the 99 percent confidence level.8 The sign of the REER elastic-
ity of real exports is negative in periods of depreciation and positive when the REER appre-
ciates, though both coefficients are not statistically significant at the 90 percent confidence
level.

8Here, lnREER+ and lnREER− are the partial sum processes of positive and negative changes of lnREER. The
details of the variable’s constructions are in Equation (14).
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Taken together, the results from the estimation of the sub-sample ARDL regressions, the full
sample ARDL regression with REER interaction term, and the NARDL regression provide
strong evidence for the existence of a structural break in the REER elasticity of real exports,
linked to the switch of the long-run trend of the REER from appreciation to depreciation to-
ward the end of 2008. Since then, the sign of the REER elasticity of real exports has been in
line with theoretical priors, though its relatively small size combined with the lack of long
enough series do not allow the drawing of a definitive conclusion on its statistical signifi-
cance. This is in line with existing studies of exchange rate pass-through to export prices in
Turkey, which generally find that it has been insignificant (Bussière, Delle Chiaie, and Pelto-
nen, 2014), implying a weak demand-pull effect for Turkish exports.

Structural breaks like this are often attributed to non-linearity and asymmetry in the exchange
rate pass-through to prices. Pollard and Coughlin (2004) provides several theoretical expla-
nations of asymmetric exchange rate pass-through, related to market share theory, substantial
downward price rigidities, and binding quantity constraints. Similar to the case of Turkey,
Pollard and Coughlin (2004) finds that export price elasticity is higher during depreciation
than appreciation periods in the U.S. Caselli (2016) also finds evidence of non-linearities
during episodes of depreciation greater than 10 and 20 percent in emerging markets. Asym-
metries are reported for both import (Kal, Arslaner, and Arslaner, 2015) and export prices
(Bussiere, 2013), with elasticities frequently found to be lower during appreciation periods
(Delatte and López-Villavicencio, 2012).

One possible explanation for the documented asymmetry of the REER effect on exports cen-
ters on the importance of total factor productivity (TFP) as a driver of REER appreciation
and depreciation. Annex I in IMF (2018) presents evidence that TFP growth was strong and
positive prior to 2007, before slipping in slightly negative territory, on average, in subsequent
years. IMF (2015) and IMF (2018) attribute the structural break in TFP growth to the waning
impetus for structural reforms, with the most significant, productivity-enhancing structural
reforms having taken place prior to 2006. Whereas, the absence of quarterly TFP series pre-
vents us from explicitly controlling for its effect on the REER-exports nexus, buoyant exports
in a period of appreciation is consistent with the predictions of standard trade models (Eaton
and Kortum, 2002; Melitz and Ottaviano, 2008), if the REER appreciation is predominantly
driven by the positive TFP differential between the domestic economy and its trade partners.
By the same logic, the overshooting of the REER depreciation over the slightly negative TFP
growth in the post-2006 period can explain the sustained buoyancy of exports in the wake of
the global financial crisis.

https://papers.ssrn.com/sol3/papers.cfm?abstract_id=716001
https://www.imf.org/external/pubs/ft/wp/2016/wp1601.pdf
https://ideas.repec.org/p/tcb/wpaper/1530.html
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1468-0084.2012.00711.x
https://www.sciencedirect.com/science/article/pii/S0164070412000407
https://www.imf.org/~/media/Files/Publications/CR/2018/cr18110.ashx
https://www.imf.org/external/np/pp/eng/2015/101315.pdf
https://www.imf.org/~/media/Files/Publications/CR/2018/cr18110.ashx
https://onlinelibrary.wiley.com/doi/abs/10.1111/1468-0262.00352
https://onlinelibrary.wiley.com/doi/abs/10.1111/1468-0262.00352


22

(b) Long-Run Income Elasticity and Speed of Adjustment of Exports

Table 1 also presents the estimates of the long-run foreign demand elasticity of real exports,
which are statistically significant and larger than 2 in all sub-samples. The rolling estimates
of the income elasticity of real exports remain broadly stable in the post-crisis period (Figure
6). Results from the full-sample ARDL model with REER interaction term point to a value of
the long-run foreign demand elasticity of real exports of 2.7 in the full sample (Table 3). Real
exports are, hence, found to be more sensitive to changes in foreign demand than the REER.

In the ARDL models, the speed of adjustment of actual real exports to their value consistent
with fundamentals in the long-run is relatively fast. The post-crisis estimate of the error-
correction coefficient suggests that around 1/3 of any misalignment between the actual and
equilibrium real exports is corrected in each quarter (Table 1).

(c) Specification Tests

The estimated ARDL regressions pass the specification tests of no residual autocorrelation
and the existence of long-run cointegrating relationship, based on the reported Breusch-Godfrey
Lagrange multiplier and Bounds Test F-statistics respectively (Tables 1 and 2). The high R-
squares of the ARDL models suggest that they fit well the underlying data process, whereas
the weaker goodness-of-fit measure of the NARDL model signal the need for caution in in-
terpreting its findings. Rolling estimation of the error-correction and long-run elasticities co-
efficients suggests that controlling for the structural break in the link between real exports
and the REER, the estimated foreign demand for Turkish exports has been relatively stable
(Figure 6). Our findings are robust to an alternative specification of real exports that nets out
energy and gold (Appendix A).

2. Long-Run Import Elasticities

(a) Long-Run Income Elasticity of Imports

Table 4 shows the estimates of the long-run elasticities of real imports and the error-correction
coefficient over different sample periods. The long-run REER elasticity of real imports is sta-
tistically significant in both the full sample and the two sub-samples and greater than one. Re-
cursive Wald tests do not offer conclusive evidence of coefficient instability (Figure 8). The
statistic is marginally significant at the 90 % confidence level in the year prior to the global
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financial crisis, but then falls below the threshold, as more post-crisis observations are in-
cluded in the recursive estimation. Indeed, using the identified structural break in the foreign
demand for exports to split the sample in two and re-estimating the regression returns sub-
sample estimates of the REER elasticity of imports that are close in value to the full-sample
estimate, when account is taken of the wide confidence bands (Table 4). At the same time,
rolling estimation of the long-run elasticities points to some coefficient instability in samples
that include observations from the start and the end of the post-crisis period, but the estimates
remain positive, as predicted by theory (Figure 9).

Table 4. Long-Run Trade Elasticities of Real Imports (USD) in ARDL Model

1998q1-2017q4 1998q1-2008q2 2008q3-2017q4

Error-correction coeff. -0.20** -0.29** -0.27*
(0.09) (0.14) (0.14)

Long-run coeff. ln REER 1.36*** 1.31*** 1.01*
(0.27) (0.45) (0.57)

ln Domestic Income 1.15*** 1.49*** 1.02***
(0.07) (0.37) (0.27)

R2 0.99 0.99 0.94
N 76 40 38
Bounds test F-stat 2.79*** 1.56* 2.02*
B-G 1st order F-stat 0.00 1.60 1.04
B-G 2nd order F-stat 0.62 0.80 0.80

Notes: The lag structure is selected automatically based on the AIC and BIC criteria. The Bounds Test F-
statistic tests the null hypothesis of no long-run/cointegrating relationship. The Breusch-Godfrey LM statistic
tests the null hypothesis of no residual autocorrelation at a given lag. ***p<0.01, **p<0.05, *p<0.1. The long-
run specification includes a constant, which is omitted from the regression output. The R2 reported in the table
are estimated from the ARDL specification in levels.

In Table 5, we report the results from estimating the full-sample ARDL model with the same
REER interaction term as the one used in the exports regression. Results support the finding
from the sub-sample estimates in Table 4 that the long-run REER elasticity of real imports
has remained broadly stable in the full sample. Estimation of the full-sample NARDL model
confirms that the long-run REER elasticity of real imports is statistically significant and pos-
itive both in secular periods of real appreciation and depreciation (Tables 6). However, the
Wald test of the equality of the long-run coefficients lnREER+ and lnREER− rejects the null
hypothesis at the 99 percent confidence level. This suggests that the long-run REER elasticity
of real imports may, in fact, be smaller in periods of REER depreciation.
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Figure 8. Recursive Wald Stability Test for Long-Run
REER Elasticity of Real Imports in ARDL Model

Notes: Plotted are the Wald statistics for coefficient stability across two
sub-samples, created by splitting the full sample at each point shown
on the horizontal axis. The horizontal red line shows the 10 percent
critical value with 7 degrees of freedom. The common lag structure
used on all sub-samples is the one derived from full-sample ARDL
specification.

Table 5. Long-Run Trade Elasticities of Real Imports (USD) with REER Intera-
ction Term in ARDL Model

ln Real Imports (USD)

Error-correction coeff. -0.64***
(0.06)

Long-run coeff. ln REER 1.42***
(0.19)

lnREER×Dummy (pre-2008q3=1) 0.24
(0.18)

ln Domestic Income 1.07***
(0.07)

R2 0.99
N 78
Bounds test F-stat 32.68***
B-G 1st order F-stat 0.06
B-G 2nd order F-stat 0.91

Notes: The lag structure is selected automatically based on the AIC and BIC criteria for the
model without interaction term. The Bounds Test F-statistic tests the null hypothesis of no
long-run/cointegrating relationship. The Breusch-Godfrey LM statistic tests the null hypothe-
sis of no residual autocorrelation at a given lag. ***p<0.01, **p<0.05, *p<0.1. The long-run
specification includes a constant, which is omitted from the regression output.
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Figure 9. Rolling Estimation of Long-Run Import Trade
Elasticities and Error Correction Coefficient in ARDL Model

Notes: 42 quarter (around 10.5 years) rolling window. The horizontal
axis shows the end period of the rolling window. Red lines indicate the
95 % confidence interval.
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Taken together, the results from the estimation of the sub-sample ARDL regressions, the full
sample ARDL regression with REER interaction term, and the NARDL regression suggest
that the sign of the relationship between REER and imports is in line with theoretical pri-
ors, with the link having been more stable than that between REER and exports over 1998-
2017. There is some evidence that the REER elasticity of real imports may be smaller in pe-
riods of REER depreciation. The size of the coefficient of around 1 is consistent with existing
studies of exchange rate pass-through to import prices in Turkey, which report coefficients
in the range of 0.8 to 1 (Bussière, Delle Chiaie, and Peltonen, 2014; Bussière, Gaulier, and
Steingress, 2016; Gopinath, 2015).9 A high exchange rate pass-through to prices suggests a
strong demand-pull effect for Turkish imports.

(b) Long-Run Income Elasticity and Speed of Adjustment of Imports

Table 4 also presents the estimates of the long-run domestic demand elasticity of real imports,
which are statistically significant and larger than 1 in all sub-samples. The rolling estimates
of the income elasticity of real imports remain broadly stable in the post-crisis period (Figure
9). Results from the full-sample ARDL model with REER interaction term point to a long-
run domestic demand elasticity of real imports of around one in the full sample (Table 6). In
contrast to the export regression, the long-run sensitivity of real imports to changes in income
and the REER are of similar magnitudes.

In the ARDL models, the speed of adjustment of actual real imports to their fundamentals-
consistent values in the long-run is lower than that of real exports. The post-crisis estimate
of the error-correction coefficient suggests that around 1/4 of any misalignment between the
actual and equilibrium real imports is corrected in each quarter (Table 4).

9The high exchange rate pass-through into import prices in Turkey could be explained by dollar dominance in
trade invoicing (Gopinath, 2015). Only 3% of Turkish imports are invoiced in Lira.
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Table 6. Long-Run Trade Elasticities of Real Imports (USD)
in NARDL Model

Var. Coeff. F-statistics P-value
lnREER+ 1.409*** 102.4 0.000
lnREER− 1.151*** 34.95 0.000
ln Domestic Income (Lira) 0.642*** 12.970 0.001

R2 0.909
FPSS 3.148***
WLR 0.258***
B-G 1st order F-stat 0.20
B-G 2nd order F-stat 0.61

Notes: lnREER+ and lnREER− denote the partial sum process of
positive and negative changes of lnREER and we report the long-
run coefficients of lnREER+ and lnREER− here. The preferred
specification is selected starting with 4 lags for all variables and
dropping the variables with insignificant coefficients. FPSS is the PSS
F-statistic for the existence of an asymmetric (cointegrating) long-
run relationship in the NARDL model. WLR refers to the Wald test of
long-run symmetry (lnREER+ = lnREER−) and p-value is in the
bracket. The Breusch-Godfrey LM statistic tests the null hypothesis
of no residual autocorrelation at a given lag. ***p<0.01, **p<0.05,
*p<0.1.

(c) Specification Tests

The estimated ARDL regressions pass the specification tests of no residual autocorrelation
and the existence of long-run cointegrating relationship, based on the reported Breusch-Godfrey
Lagrange multiplier and Bounds Test F-statistics respectively (Tables 4 and 5). The high
R-squares of the ARDL and NARDL models suggest that they fit well the underlying data
process. Rolling estimation of the error-correction and long-run elasticities coefficients point
to the relative stability of the estimated domestic demand for imports (Figure 9). Our findings
are robust to an alternative specification of real imports that nets out energy and gold (Appen-
dix A).

V. ROLE OF REER IN TRADE BALANCE ADJUSTMENT

In the preceding section, we analyzed the trade elasticities of real exports and imports sepa-
rately. The overall effect of the REER on the real trade balance can, then, be derived from the
Marshall-Lerner condition (Equation (9)), which abstracts from the effect of the domestic-
foreign income growth differential (Section II).
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Figure 10 plots the Marshall-Lerner condition, derived from the rolling window estimation
of REER elasticities (Figures 6 and 9). Results show that the REER depreciation, taken on its
own, has had a positive impact on the real trade balance once data from late-2011 onwards
is included in the sample. This is around the time when the long-run REER depreciation in-
tensified to over 2% per year (Figure 7). Whereas the associated export expansion has since
contributed to the narrowing of the real trade balance, import compression through its price
elasticity has remained a dominant factor.

Figure 10. Rolling Estimation of Marshall-Lerner Condition,
1998-2017

Notes: Estimates of REER elasticities are obtained from 42 quarter
(around 10.5 years) rolling window. The horizontal axis shows the end
period of the rolling window. The dashed red line shows the Marshall-

Lerner Condition αηX +ηM̃ > 1. α = X
M is estimated for each quarter

and then averaged over the rolling window.

The dynamics of the Marshall-Lerner condition in the secular depreciation period can be in-
terpreted as reflecting the J-curve effect (Magee (1973)). 10 Between 2009 and mid-2011, the
Marshall-Lerner condition is not met, suggesting that the Lira devaluation is likely to have
initially worsened the real trade balance (Figure 10).

Despite the positive contribution of the REER to the narrowing of the real trade balance in
Turkey, its post-2008 improvement has fallen short of its deterioration in the years prior to
the global financial crisis (Figure 2, right panel). The reason for this is that, throughout much

10In the economic literature, the J-curve effect is often attributed to rigidities (e.g., non-negotiable, pre-existing
trade contracts) preventing the adjustment in volumes of imports and exports in the short-run, whereas in the
long-run prices adjust and the real trade deficit improves.
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of the period, the domestic-foreign income growth differential has contributed to the widen-
ing of the real trade balance, partly offsetting the REER effect. This can be seen in Figure
11, which shows that the ratio of domestic to foreign income growth rates has exceeded the
appropriately scaled ratio of income elasticities of exports and imports in most rolling sub-
samples.

Figure 11. Rolling Estimation of Contribution of
Domestic-Foreign Income Growth Differential to

Real Trade Balance Adjustment

Notes: Estimates of income elasticities are obtained from 42 quar-
ter (around 10.5 years) rolling window. The date labels show the end
period of each rolling window. Values below the 45-degree line indi-
cate that domestic-foreign income growth differential would contribute
to the narrowing of the real trade balance (Equation (10)). Export-to-
import ratio is calculated for each quarter and then averaged over the
rolling window. The growth rates of domestic and foreign income are
the quarter-on-same quarter of previous year averaged over the rolling
window.

VI. SUMMARY OF FINDINGS

In this paper, we revisit the question of the main drivers of real trade balance adjustment in
Turkey, posed in the broader debate on the role of exchange rates in restoring external balance
in the post-2008 period. Compared to existing studies on the topic, we use sufficient number
of quarterly observations to draw inferences about developments before and after the global
financial crisis. In our analysis, we systematically use a complementary set of econometric
techniques that allow us to detect and control for structural breaks in the data.
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We find that the REER has been an important determinant of real trade balances through-
out the period 1998-2017. In the secular period of REER appreciation through 2008:Q3, the
transmission channel operated mainly through the boost to imports from Turkey’s higher pur-
chasing power in terms of foreign goods baskets. Over the same period, exports continued to
thrive, consistent with the REER appreciation being predominantly driven by a positive TFP
differential with trade partners. In the post-crisis period of REER depreciation, the transmis-
sion channel has operated through both export promotion and import compression through
their price elasticities, as the REER depreciation appears to have overshot the slightly nega-
tive TFP growth in the post-2006 period. The presented evidence of a structural break in the
REER elasticity of real exports—linked to the switch of the long-run trend of the REER from
appreciation to depreciation toward the end of 2008—is a novel finding in the literature.

Whereas the real trade balance does respond to REER movements, its post-2008 improve-
ment has fallen short of retracing its preceding deterioration. This underscores the important
role played by the domestic-foreign income growth differential in driving trade flows. The
pattern of higher income elasticity of exports than that of imports remains a feature of the
post-2008 data, but its potentially positive effect on the real trade balance has been more than
offset by the post-crisis widening of the domestic-foreign income growth differential, driven
by rapid private sector credit growth and stepped up public-private partnerships (PPP) activity
(IMF, 2018).

In addition to the sluggishness of the real trade balance adjustment, we document the open-
ing of a wedge between the nominal current account-to-GDP and the real trade balance-to-
GDP ratios that started in the mid-2010. The reasons why the real trade balance is no longer
the dominant driver of the nominal current account in Turkey warrant a separate study. One
possible explanation is that this is a reflection of low even negative total factor productivity
growth in recent years (IMF, 2018). This, alongside pressures from rising corporate external
debt rollover needs, could have pushed the rate of depreciation of the Lira-USD exchange rate
above the rate of growth of the GDP deflator, opening a wedge between real and nominal ra-
tios. Another likely culprit is the widening country risk premium in recent years, which has
led to a deterioration of the income balance.

https://www.imf.org/~/media/Files/Publications/CR/2018/cr18110.ashx
https://www.imf.org/~/media/Files/Publications/CR/2018/cr18110.ashx
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APPENDIX A. MODELING TRADE FLOWS NET OF ENERGY AND GOLD

Energy and gold are often excluded from the analysis of trade flows in Turkey, as they are
known to be relatively inelastic with respect to both income and the REER, and gold trade is
subject to extraordinary factors (see for example (Aldan, Bozok, and Gunay, 2015), (Çulha
and Kalafatçılar, 2014), and (Bozok, Dogan, and Yunculer, 2015)).

As a robustness check, we re-estimate our regressions for real exports, imports, and the trade
balance after netting out trade in gold and energy. Regression results show that our findings in
the main body of the paper are not driven by idiosyncratic shocks on gold and energy flows.

Table A1. Long-Run Trade Elasticities of Real Exports Net of Energy and Gold (Lira) in ARDL
Model

1998q1-2017q4 1998q1-2008q2 2008q1-2017q4

Error-correction coeff. -0.44*** -0.76*** -0.36***
(0.09) (0.14) (0.13)

Long-run coeff. ln REER 0.00 0.07 -0.48
(0.10) (0.10) (0.45)

ln Foreign Income 3.00*** 2.83*** 2.38***
(0.11) (0.19) (0.70)

R2 0.98 0.97 0.94
N 76 38 40
Bounds Test F-stat 7.66*** 10.39*** 2.95*
B-G 1st Order F-stat 0.09 0.00 0.08
B-G 2nd Order F-stat 0.42 2.07 0.83

Notes: The lag structure is selected automatically based on the AIC and BIC criteria. The Bounds Test F-
statistic tests the null hypothesis of no long-run/cointegrating relationship. The Breusch-Godfrey LM statistic
tests the null hypothesis of no residual autocorrelation at a given lag. ***p<0.01, **p<0.05, *p<0.1. The long-
run specification includes a constant, which is omitted from the regression output. The R2 reported in the table
are estimated from the ARDL specification in levels.

As expected, the demand for imports net of gold and energy is much more sensitive to REER
changes than the total import demand (Tables 4 and A2). The income elasticities of total im-
ports and its subset are not, however, significantly different. Importantly, misalignments be-
tween actual and fundamentals-consistent real, non-gold, non-energy imports are closed up to
3 times faster than those for total imports.

https://ideas.repec.org/p/tcb/wpaper/1526.html
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Table A2. Long-Run Trade Elasticities of Real Imports Net of Energy and Gold (USD) in ARDL
Model

1998q1-2017q4 1998q1-2008q2 2008q3-2017q4

Error-correction coeff. -0.29*** -0.27** -0.86***
(0.08) (0.13) (0.08)

Long-run coeff. ln REER 1.77*** 1.94*** 1.49***
(0.18) (0.52) (0.17)

ln Domestic Income 1.21*** 1.31*** 1.07***
(0.07) (0.44) (0.09)

R2 0.99 0.99 0.94
N 76 39 38
Bounds Test F-stat 5.41*** 1.74*** 40.01***
B-G 1st Order F-stat 1.13 1.06 0.09
B-G 2nd Order F-stat 2.29 1.02 0.42

Notes: The lag structure is selected automatically based on the AIC and BIC criteria. The Bounds Test F-
statistic tests the null hypothesis of no long-run/cointegrating relationship. The Breusch-Godfrey LM statistic
tests the null hypothesis of no residual autocorrelation at a given lag. ***p<0.01, **p<0.05, *p<0.1. The long-run
specification includes a constant, which is omitted from the regression output. The R2 reported in the table are
estimated from the ARDL specification in levels.

APPENDIX B. DATA SOURCES

B.1. Construction of Trade-Weighted Indexes of Relative Prices and Foreign Income

CBRT published data on the consumption-based real effective exchange rate (CPI-based
REER) starting in 2003. In this paper, we backcast the pre-2003 levels of the CPI-based REER,
in such a way that the quarter-on same quarter of previous year gross growth rates are given
by:

REERt = REERt−4

N

∏
i=1

[ CPIt,TUR
CPIt,i×et,i

CPIt−4,TUR
CPIt−4,i×et−4,i

]wi

,

et,i — nominal bilateral exchange rate with country i at time t, defined as Turkish Liras
per one unit of foreign currency,

CPIt,i — consumer price index in country i at time t and CPIt,TUR is the CPI in Turkey,

i = 1, ...,N — top 20 trade partners for both imports and exports to/from Turkey: Ger-
many, United Kingdom, Iraq, Italy, USA, France, UAE, Spain, Iran, Netherlands, Saudi
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Arabia, Israel, Egypt, Switzerland, Romania, Poland, Belgium, Bulgaria, China, Al-
geria. Russia is not included in the list despite being the biggest source of imports to
Turkey, because trade is mostly in energy. Energy prices are quoted in US dollars on in-
ternational markets, so trade flows are little affected by the relative prices and incomes
in Turkey and Russia,

wi — the weights are given by the combined shares of the top 20 partners in Turkey’s
exports and imports averaged over a ten-year period 2007-17. Directions of trade data is
from Turkey’s Statistical Institute (TurkStat).

The bilateral exchange rates of the Turkish Lira vis-a-vis the currencies of trade partners
other than the US are obtained from the respective US dollar cross-rates. The source data for
the CPI and real GDP series are local currency-based and seasonally adjusted.

Before constructing the index of foreign income, we transform the real GDP series of trade
partners in their local currencies to a common base year 2009.11 We then convert all series
into constant 2009 US dollars, by dividing the local currency real GDP of each trade part-
ner by the respective average nominal exchange rate vis-a-vis the US dollar (defined as local
currency units per one US dollar) in 2009. The trade-weighted index of foreign GDP is then
calculated as the weighted average.12

For trade partners for which CPI and/or GDP data are not available on quarterly basis, we
map IMF World Economic Outlook (WEO) annual data into quarterly values, by assuming
zero quarter-on-quarter growth rates within each year. We use the following sources for quar-
terly data:

Iraq

series start end source concept
CPI 2015q1 2017q1 Central Statistical Organization of Iraq Consumer Prices, all items
RGDP 2009q1 2016q2 Central Statistical Organization of Iraq Real Gross Value Added

United Arab Emirates(UAE)

series start end source concept
CPI 2008q1 2017q1 National Bureau of Statistics Consumer Prices, all items
RGDP 1998 2016 Ministry of Economy Gross Domestic Product, Annual

112009 is the base year for the chain-indexed, real GDP data for Turkey.
12We use algebraic mean, because in contrast to REER, the real GDP series are expressed in common units and
are comparable across countries of trade partners’ real GDP (in constant 2009 US dollars).



37

Iran

series start end source concept
CPI 1998q1 2017q1 Central Bank of the Islamic Republic of Iran Consumer Prices, all items
RGDP 2004q1 2017q1 Central Bank of the Islamic Republic of Iran Gross Domestic Product

Saudi Arabia

series start end source concept
CPI 1998q1 2017q1 General Authority for Statistics Consumer Prices, all items
RGDP 2010q1 2017q1 General Authority for Statistics Gross Value Added

Egypt

series start end source concept
CPI 1998q1 2017q1 Central Agency for Public Mobilization and Stats Consumer Prices, all items
RGDP 2006q3 2017q1 Central bank of Egypt GDP by Expenditure

Algeria

series start end source concept
CPI 2005q1 2017q1 Office National des Statistiques de l’Algerie Consumer Prices, all items
RGDP 1999q1 2017q1 Office National des Statistiques de l’Algerie Gross Domestic Production

B.2. Real Exports and Imports Series

Turkey’s real exports and imports data are from Turkey Statistical Institute. The original ex-
ports and imports data are in chain-linked Turkish Lira (reference year = 2009)(i.e., expressed
in domestic consumer goods baskets) and include both goods and services. In the paper, we
use exports data in Lira and imports data in USD. We transform the real imports data from
Lira to USD using the identity:

M = M̃/Q
′

M — real imports in chain-linked Turkish Lira (reference year = 2009) (i.e., expressed
in domestic consumer goods baskets),

M̃ — real imports in foreign currency (i.e., expressed in foreign consumer goods bas-
kets),

Q
′
— CPI-based real effective exchange rate(REER).
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We construct measures of the real trade balance excluding gold and energy, by first construct-
ing series for real exports and imports of these commodities. Nominal amounts in US dollars
are available from Turkey Statistical Institute trade data. We convert them to chain-linked US
dollars by using Fund staff estimates of the respective deflators.
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