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Abstract: 

The high volatility in food prices in the last decade is a major concern for policymakers across the 

globe. This study tests if there is mean-reverting behaviour in the unprocessed food prices towards a 

long-run trend, for twenty-four European countries, using linear and nonlinear unit root tests. The 

results indicate linear or non-linear mean reversion for more than one-third of the group. Non-linear 

models are useful in detecting asymmetric correction behaviour, depending on the size and sign of the 

deviation from the mean.  However, out-of-sample forecasting performances of these models are poor 

relative to a simple autoregressive benchmark.  
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I. Introduction 

The last decade displayed high volatility in global food prices (Figure 1). Whether this 

volatility, which is in sharp contrast with the secular downward trend over the last fifty years, is a 

“new normal” or would the prices go back to their long-term trend is the subject of an ongoing debate 

among policymakers
2
. Hence, a good understanding of the time-series characteristics of food price 

series is an important step in developing policies aimed to stabilize inflation and establishing models 

to forecast inflation. From this standpoint, this paper examines whether the unprocessed food prices 

(the most volatile component of the food prices) has a tendency to revert to a long-term mean level (or 

a trend); and if so, whether this adjustment behaviour towards this attractor differs depending on the 

distance and sign of the deviation from it.  

Figure 1: Annual Real Food Price Indices 

 

Source: Food and Agricultural Organization (FAO). The index is defined as “…a measure of the monthly change in international prices of a 

basket of food commodities. It consists of the average of five commodity group price indices (meat, dairy, cereals, oil and sugar, weighted 

with the average export shares of each of the groups for 2002-2004”. 

Fluctuations in food prices have diverse impacts on the well-being of economic agents
3
. For 

instance, higher food prices could benefit small-scale farmers while endangering the access to food by 

low-income households in many underdeveloped countries. Frequent changes in prices would lead to 

sub-optimal investment and consumption decisions in agriculture, with possible repercussions at the 

national and global level. Moreover, changes in food prices are one of the main determinants of the 

consumer inflation for many countries. Hence, volatility in food prices is a major concern for 

governments that would aim for food security and relatively stable inflation, at times necessitating 

coordinated action around the world
4
.  

                                                           
2 One statement by Food and Agricultural Organization (FAO, 2013) emphasizes that the volatility in food price might continue over the 

following years and policies might “need to adapt this new normal”. A more recent policy note by FAO (2016) takes a slightly different 

stance: “The conventional wisdom is that, in the long-term, real commodity prices would follow a declining trend interrupted by periodic and 
sudden surges”. Also, See FAO (2012a) for outlook of food price developments of the period. 
3Baffes and Dennis (2013) shows that the main drivers of the food prices are the stocks of the product as a percentage of the total demand, 

crude oil prices and exchange rates over a fifty year period. Recently, Baffes and Etienne (2016) argue that income growth in developing 
countries has a negative impact on real food commodity prices in line with Engle’s law. Also see Dilon and Barett (2015) for the impact of 

oil prices on food prices. 
4 
See G20 statement in FAO (2012b) for suggestions for coordinated policy actions against rising volatility in global food prices. 
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Prebisch (1950) and Singer (1950) argued that primary commodity prices display a long-term 

declining trend relative to manufactured good prices (Prebisch-Singer Hypothesis). Previous literature 

documents numerous studies that explored the existence of such behaviour in primary commodities. 

Regarding our focus on food prices; existence of a long-run mean level, or a trend, is important for a 

couple of reasons. First, if there exists such a level of equilibrium that the prices revert; then we have 

reasons to believe that fundamentals are the main factors that drive the behaviour of food prices in the 

long-run. As the argument goes, food prices might display short-term deviations due to many reasons 

such as sudden changes in climate or speculative reasons; yet, they convert to an equilibrium level in 

the long-run. Otherwise, if there is no such convergence, then it means that short-term shocks to the 

prices are persistent and the prices can easily settle to a new equilibrium level after relatively short-

term disturbances  

This aforementioned behaviour in prices is mainly analysed by linear and nonlinear unit root 

analysis in the literature. Stationarity in prices ensures that prices converge to a long-run equilibrium 

level. Linear unit root analysis test whether the short-term deviations are corrected in a linear way. 

This means that any small deviation from the long-run equilibrium level (or trend if we assume a 

trend-stationary process) has a tendency to be corrected in the long-run. On the other hand, nonlinear 

unit root tests assume asymmetric correction behaviour. In such models, the strength of the correction 

towards the long-run equilibrium level depends on the distance and/or sign of the deviation from this 

equilibrium level.  

In this paper we test for the stationarity of unprocessed food prices for 24 European countries, 

using two different nonlinear models of smooth transition - Exponential Smooth Transition 

Autoregressive (ESTAR) and Asymmetric Exponential Smooth Transition Autoregressive (AESTAR). 

Both models assume that the correction behaviour is stronger when the series get far away from the 

long-run level. Yet, the sign of the deviation does not matter in ESTAR model while it is important in 

AESTAR model. 

A number of reasons are discussed in the literature for the asymmetric behaviour of food 

prices.  First, an important driver of the food prices is the stock level of the product as a percentage of 

the total demand (Baffes and Dennis, 2013). By definition, storage should always be greater than or 

equal to zero (negative levels are not possible!) which brings in an inherent nonlinearity to the price 

process (Deaton and Laroque, 1995).  

A second explanation is provided by Holt and Craig (2006) study which shows that the US 

hog-corn cycle could be characterized by a nonlinear form, in particular a time-varying ESTAR model. 

They argue that farmers might give overnight decisions to slaughter their animals in response to 

changes in expectations of the market price for corn. Yet, once the price of corn goes up, it takes 

considerable time to reproduce livestock, which would result in nonlinearities in the hog as well as 
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corn prices
5
. Later on Balagtas and Holt (2009) also display the ability of STAR models to reveal the 

nonlinear behaviour of selected primary commodity prices
6
.  Third, Thirlwall and Bergevin (1985) 

argued that the fall in the primary commodity prices during cyclical downturns could be greater than 

the rise during cyclical upturns as an explanation of Prebish-Singer hypothesis.   

Our paper contributes to this literature in three important ways. First, similar to the previous 

literature we conduct ESTAR test suggested by Kapetanios, Shin and Snell (2003), taking cognisance 

of asymmetric behaviour around the long-run mean which depends on the size of the deviations. We 

further take into account the asymmetric correction behaviour in food prices depending on the size as 

well as the sign of the deviations from the equilibrium, using AESTAR test suggested by Sollis (2009). 

This type of correction behaviour could indicate that positive deviations of food prices from the 

equilibrium level could be more persistent compared to negative deviations, or vice versa. In addition 

to the aforementioned motives in the previous paragraph, this idea is in line with the recent literature 

documenting different strength of correction behaviour for positive or negative shocks to inflation
7
. 

We take into account the possibility of a trend in series and conduct the exercise with and without 

assuming trends. Our analysis that covers the unprocessed food price series of 24 European countries 

indicates nonlinear adjustment process for one-third of the countries. 

A second contribution of our paper is our consideration of nonlinearity in the presence of 

structural breaks. Certain shocks, like technological innovations, could have permanent effects on the 

price process.  Previous literature includes many papers that focus on the structural break and multiple 

equilibria while testing for trends and stationarity in commodity prices
8
.  We take into account 

possible structural tests in nonlinearity testing using Christopoulos and Leon-Ledesma (2010) test.  

Third, we conduct a forecasting exercise to examine the power of our proposed nonlinear 

models in predicting the unprocessed food prices. It is shown that these models do not have a 

significant contribution above a simple benchmark autocorrelation model. We believe that our results 

will benefit researchers that aim to understand the time series behaviour of one of the most volatile 

price series, the unprocessed food prices. 

The remainder of the paper is organized as follows. Second section describes the econometric 

methodology. Third section demonstrates our data, documents the results of the linear and nonlinear 

unit root tests; estimation of nonlinear models as well as the results of the out-of-sample forecasting 

exercise. The fourth section concludes. 

                                                           
5 Similarly, regime-switching and smooth transition frameworks are used to analyse asymmetries in fish meal and soybean meal by Asche et 

al. (2013); and US soybean-to-corn price ratio by Ubilava (2012), respectively. 
6 Beckmann and Czudaj (2014) explore the nonlinearities in agricultural future prices using a smooth transition framework. 
7 Tsong and Lee (2011) shows that mean-reversion in inflation is stronger for negative shocks relative to the positive ones for 12 OECD 

countries. Koenker and Xiao (2004, 2006) documents asymmetries in the mean-reversion in inflation process depending on the size and the 

sign of the shocks, using quantile-regression methods. Also see Tillmann and Wolters (2012) and Manzan and Zerom (2014) for 
nonlinearities in persistence of shocks to US inflation. 
8 This literature starts with Sapsford (1985) and Cuddington and Urzua (1989) papers. For an extensive review of the following literature see 

Baffes and Etienne (2016). 
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II. Methodology  

The literature widely reports the low power of conventional unit root tests in rejecting the null 

of nonstationarity, in the presence of nonlinearities in time series.  This issue is addressed by means of 

nonlinear unit root tests in numerous studies. From this standpoint, this study first conducts three 

linear unit root tests that are extensively used in the literature: Augmented Dickey Fuller (ADF), 

Elliot-Rottenberg-Stock (ERS) and Phillips-Perron tests. Second, nonlinear unit root tests of 

Kapetanios, Shin and Snell (2003), Sollis (2009) and Christopoulos and Leon-Ledesma (2010) are 

performed. Third, nonlinear models are estimated and an out-of sample forecasting exercise of these 

models is implemented. However, the nonlinear models estimation is only conducted for countries for 

which the nonlinear unit root tests reject the null of stationarity, following the suggestion of Teräsvirta 

(2006) who argues that nonlinear models nest a linear regression model which cannot be identified 

once the data generating process is linear. The remaining of this section provides a brief review of 

nonlinear modelling and demonstrates three models that are used in the analysis. 

The recent literature provides many studies that employ nonlinear models to capture the 

asymmetries in macroeconomic time-series. A rough categorization of these models rests on the 

presumed regime-switching behaviour of the series. The first group consists of Markov-switching type 

models which assume that the regime change depends on an unobservable variable. Alternatively, 

threshold models presume that the regime-switch is controlled by an observable variable. In particular, 

self-exciting threshold models posit that the change in the regime is determined by the past values of 

the time-series itself. One popular specification of the self-exciting threshold models is the smooth 

transition autoregressive (STAR) type models (Granger and Teräsvirta, 1993) which allows for a 

gradual adjustment towards a long-run equilibrium. In this paper, we employ two extensions of the 

STAR framework as will be demonstrated below. 

 The first of our nonlinear models is the ESTAR model which assumes a symmetric and 

gradual adjustment towards a long-run equilibrium. As argued in the previous section, this 

specification provides us a convenient framework to capture the asymmetric correction behaviour in 

food prices.  

Kapetanios et.al (2003) suggests the model: 

   tdtttt ffafaf    )exp(1
2

1211      (1) 

where f stands for food prices. The speed of adjustment is determined by the transition 

function inside the hard brackets. The speed of adjustment between different regimes is determined by 

θ.  A mean-zero stochastic process is imposed by choosing λ=0 and further a1=0, similar to 

Kapetanios et.al (2003). This way, we posit that the series has unit root behaviour when it is close to 
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the long-run equilibrium, but displays mean-reversion when it is far away from this value. We select 

the delay parameter d=1. Then, the equation turns into: 

  tttt ffaf    )exp(1 1
2

12       (2) 

In this equation, we would like to test the null hypothesis is H0 : θ=0  against the alternative 

H1 : θ>0. Nonetheless, a well-known problem in these types of specifications is that the parameter a2 

is unidentified under the null. To deal with this problem, Kapetanios et.al (2003) employs an auxiliary 

regression, making use of a first order Taylor series approximation. Then, the general model with 

serially correlated is: 

errorffpf t

p

j

jtjt  




3

1

1

       (3)  

Kapetanios et.al (2003) tabulates the asymptotic critical values for the t-statistics by 

employing the OLS estimation of )ˆ( . 

AESTAR model provides a more specific form of ESTAR model where the speed of 

adjustment is allowed to be different below or above the threshold band (Sollis, 2009). The formal 

model is: 

        tttttt fafSafSfGf    121211211 ,1,,     (4) 

where 

 dtfG ,1 = )exp(1 1
2

1  tf , 1 >0      (5) 

 dtfS ,2 =   1

12 )exp(1


 tf , 2 >0     (6) 

Equation 4 tells that, without loss of generality, assuming θ1>0 and θ2


 ∞, if ft-1 moves from 0 

to -∞ then S(θ2 , ft-d)0  and ESTAR transition take place between the central regime model ∆πt=εt  

and the outer regime model ∆ft = a2 ft-1 + εt. Correspondingly, if ft-1 changes from 0 to ∞ then          

S(θ2 , ft-d)1   and ESTAR transition takes place between the central regime model ∆ft = εt  and the 

outer regime model ∆ft = a1 ft-1 + εt.  In both cases, the speed of transition is determined by θ1. The 

asymmetric adjustment is maintained by a1 ≠a2. The generalized model including serially controlled 

errors reads: 

        t

k

i

itittttt ffafSafSfGf  


 
1

121211211 ,1,,   (7) 

Similar to the ESTAR case, the unit root testing procedure confronts the identification 

problem under the null. Sollis (2009) adopts a two-step Taylor series expansion; around θ1 followed 

by another one around θ2. Then the equation yields:       
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k

i

itittt ffff  


 
1

4

12

3

11       (8) 

where ϕ1= a2* θ1 and ϕ2= c(a2*- a1*) θ1 θ2 with c=0.25. Here, a1* and a2*are functions of a1 

and a2 as described in Sollis (2009). The null hypothesis is: 

H0: ϕ1= ϕ2 =0  

in the auxiliary equation (8). Sollis (2009) provides asymptotic distribution of an F-test and 

critical values for the cases with zero mean, non-zero mean and deterministic trend.   

The last test, Christopoulos and Leon-Ledesma (2010) examines the joint presence of 

structural breaks and nonlinearities in the food price series. The series could display long-run mean 

reversion along with temporary breaks. This test is basically a modified version of the aforementioned 

Kapetanios et al. (2003) ESTAR test, allowing for infrequently smooth mean changes. For the sake of 

space limitations, we do not provide the full details of the test here, referring the reader to three-step 

procedure described in Christopoulos and Leon-Ledesma (2010, p1082). 

III. Data and Results 

Our data consists of monthly unprocessed food price series of 24 European countries (as in 

Table 1) taken form Eurostat database. The data spans January 1996 to July 2016 period, adding up to 

246 data points. The series are indexed as (2005=100) and are seasonally adjusted using Census X-12 

method. Figure 2 provides a graph of these indices for our sample countries along with the EU average. 

The unprocessed food prices (of EU countries) follow an increasing trend after 2000, partly in line 

with the food prices series (for world) given in Figure 1. Yet, the countries are dispersed in a wide 

range along the average, indicating differences between the food price behaviour among EU countries 

over the sample period. 

a. Unit Root Tests 

Both Kapetanios, Shin and Snell (2003) and Sollis (2009) provide critical values for unit root 

tests that are estimated with and without time trends. Both theoretically and empirically, the idea of a 

time trend in food price index is plausible and tested in many studies in previous literature
9
. Hence, we 

conducted both linear and non-linear tests with and without trends. Table 1 and Table 2 present the 

results with no trend and with trend case, respectively.  

In both tables, the first three columns document the results of the test statistics for the linear 

unit root tests, respectively Augmented Dickey Fuller (ADF), Elliot-Rottenberg-Stock (ERS) and 

Phillips-Perron tests. The following two columns document the ESTAR t-statistics (tnl,kss) for the 

Kapetanios, Shin and Snell (2003); and AESTAR F-statistics (FAE,µ) for Sollis (2009). The 

                                                           
9 See Baffes and Etienne (2016) for a review of this literature and tests on Prebish-Singer hypothesis. 
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Christopoulos and Leon-Ledesma (2010) test is designed with trend case and is given by (tnl,ll) in Table 

3 with the optimal lag value (kll). 

 

Figure 2: Unprocessed Food Price Indices  

(Sample countries, seasonally adjusted, thick line indicates EU average) 

 

 
 

   Source: Eurostat 

A first look at Tables 1 and 2 suggest that for both linear and nonlinear unit root tests, adding 

a trend to the estimation results in a higher rejection of the null of unit root. In no trend case (Table 1), 

the linear unit root tests only suggests signs of stationarity for France whereas AESTAR test points out 

stationarity only for four countries. However, as documented in the table, linear unit root tests reject 

the null of unit root for eight countries (Belgium, Cyprus, Denmark, France, Luxemburg, Netherlands, 

Slovakia and Sweden) when we include time trend to the estimation.  

Regarding nonlinear unit root tests with the trend case, both ESTAR and AESTAR tests 

suggest stationarity for Cyprus. For Iceland, Latvia, Lithuania and United Kingdom only ESTAR test 

reject the null of unit root. Note that for none of these countries linear unit root test could reject the 

null of unit root. These results highlight the importance of taking into account possible nonlinear 

behaviour in testing for unit root for food prices. Similarly, for France, Norway and Poland only 

AESTAR test could reject the null of unit root whereas for Belgium, Luxemburg, Netherlands and 

Sweden both linear unit root tests and AESTAR test could reject the null of unit root. 
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Table 1 

Linear and Non-Linear Unit Root Tests (constant, no trend) 

 

Note: *, ** and *** stand for significance levels at 10%,5% and 1%, respectively. Critical values for 10%, 5% and 1% are -2.66, -2.93 and -

3.48 for ESTAR test; 4.17, 4.97 and 6.81 for AESTAR test, respectively 

 

The results of the Christopoulos and Leon-Ledesma (2010) test in Table 2 suggest rejection of 

the null of unit root only for Spain. Note that for the case with trend this is the only test that would 

imply stationarity for Spain in trend case. This underscores the importance of taking into account 

structural breaks while testing for nonlinearities.  

These results imply that the unprocessed food price series might imply nonlinear behaviour 

due to frictions and cyclical asymmetries discussed in the introductory part; and hence unit root tests 

considering asymmetric behaviour is of use in testing for the stationarity of these series. Next 

subsections explore how well our proposed nonlinear models of smooth transition fit the data and 

perform in forecasting exercises.   

 

 

ADF ERS PP tnl,kss FAE,µ

Austria 0.09 178.99 0.46 -0.58 0.24

Belgium -0.12 244.78 -0.11 -0.27 0.63

Cyprus -1.12 42.29 -0.77 -1.84 7.56 ***

Denmark -0.77 93.51 -0.68 -0.52 0.76

Finland -0.50 126.08 -2.50 -1.31 1.64

France -3.09 5.12 ** -3.22 * -0.51 1.10

Germany -1.94 13.51 -1.94 -0.39 1.28

Greece -2.43 17.24 -2.22 -2.05 2.52

Iceland 0.59 264.55 0.53 -0.52 1.07

Ireland -2.13 65.42 -2.16 -1.87 2.52

Italy -0.59 414.47 -0.63 -1.10 5.74 **

Latvia -0.55 332.99 -0.56 -1.26 17.23 ***

Lithuania -0.39 95.89 -0.57 -1.58 2.99

Luxembourg -0.38 365.60 -0.44 -0.81 1.55

Malta 0.35 104.01 0.59 -0.08 0.04

Netherlands -0.87 115.81 -0.81 -0.50 0.20

Norway -0.99 134.97 -0.88 -1.27 1.87

Poland -1.78 323.03 -1.75 -1.89 1.90

Portugal -1.85 231.47 -1.79 -1.66 1.88

Slovakia -1.58 75.33 -1.35 -0.97 0.57

Spain -0.99 1007.86 -0.96 -2.09 11.23 ***

Sweden -0.37 118.05 -0.27 -0.56 0.47

Turkey 0.68 274.72 1.40 0.05 1.07

United Kingdom -0.20 200.40 -0.31 -0.96 3.29
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Table 2 

Linear and Non-Linear Unit Root Tests (constant, with trend) 

 

Note: *, ** and *** stand for significance levels at 10%, 5% and 1%, respectively. Critical values for 10%, 5% and 1% are -2.66, -2.93 and 

-3.48 for ESTAR test; 4.17, 4.97 and 6.81 for AESTAR test, respectively 

 

b. Model Estimation 

As mentioned in the introductory section, nonlinear models are estimated only for the 

countries for which the nonlinear unit root tests suggest nonlinear behaviour. Considering our results 

in Table 2 we estimate ESTAR model for Cyprus, Iceland, Latvia, Lithuania and UK; AESTAR model 

for Belgium, Cyprus, France, Luxemburg, Netherlands, Norway, Poland and Sweden.  

The predictive power of the AESTAR model is examined in a limited number of studies so far, 

as will be documented in the next subsection.  Therefore, only the estimation results for AESTAR 

model is presented here, while the ESTAR estimation results are left out due to space considerations
10

. 

However, next section presents the results of out-of-sample forecasting exercise for both ESTAR and 

AESTAR models. 

                                                           
10 ESTAR estimation results are available upon request. 

ADF ERS PP kll tnl,ll tnl,kss FAE,µ

Austria -3.11 9.28 -2.81 1 0.23 1.83 5.55

Belgium -4.49 *** 3.26 *** -4.27 *** 2 0.93 1.54 9.76 ***

Cyprus -4.58 *** 3.48 *** -4.19 *** 5 -1.56 2.88 * 10.71 ***

Denmark -3.00 5.32 ** -2.87 1 0.03 1.94 1.78

Finland -2.16 11.81 -2.50 3 -2.01 1.56 4.71

France -3.09 5.12 * -3.22 * 5 -0.35 1.11 6.57 *

Germany -1.94 13.51 -1.94 1 -0.19 2.17 4.79

Greece -2.43 17.24 -2.22 1 -2.59 0.30 3.84

Iceland -1.60 39.44 -1.67 5 -0.63 2.84 * 2.60

Ireland -1.14 68.24 -1.08 3 -2.30 -0.36 0.45

Italy -2.21 9.54 -1.90 5 -0.85 1.00 0.59

Latvia -1.05 38.67 -1.19 5 0.19 3.39 ** 0.95

Lithuania -1.51 22.43 -1.46 5 -2.08 3.41 ** 1.78

Luxembourg -3.43 * 3.22 *** -2.79 5 0.52 1.13 6.77 **

Malta -2.98 18.30 -1.66 1 0.30 2.05 2.56

Netherlands -2.98 5.57 ** -2.83 1 0.01 0.78 6.59 *

Norway -2.46 15.20 -2.62 2 -0.78 0.67 26.73 ***

Poland -2.75 20.24 -2.75 2 -0.98 2.35 6.21 *

Portugal -2.14 31.42 -2.30 4 -0.13 0.50 4.30

Slovakia -3.03 5.57 ** -2.69 1 -2.46 -1.31 0.05

Spain -0.84 32.29 -0.98 1 -6.40 *** 0.05 0.09

Sweden -3.25 * 5.80 * -3.10 1 -0.20 1.24 9.05 ***

Turkey -2.71 16.20 -2.51 5 -1.25 1.75 2.61

United Kingdom -1.44 52.60 -1.62 2 -1.10 2.93 * 1.57
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Estimation of the raw form of the AESTAR model in Equation 4 is conducted with the 

restrictions 1 , 2 >0 and 1a , 2a <0.   The resulting {θ1,θ2,a1,a2} values are presented in the first four 

columns of the Table 3, where the standard errors are displayed in parenthesis below the figures
11

. 

Table 3 

AESTAR Model Estimation 

 

Note that, in Equation 4, the asymmetry in AESTAR model is maintained if a1≠a2 otherwise 

the system would be equal to an ESTAR model. Hence, the difference (a1-a2) determines the degree of 

asymmetry. Accordingly, Akdogan (2016) develops a Wald test with the null hypothesis  H0=a1-a2=0, 

which could be used in addition to F-test suggested in Sollis (2009). The test statistics is: 

𝐹 = (𝑅�̂� − 𝑟)′[�̂�2𝑅{∑ 𝑥𝑡𝑥𝑡′𝑡 }−1𝑅′]−1(𝑅�̂� − 𝑟)/𝑚                                      (9) 

where R is a 2 x 2 identity matrix; �̂� = [�̂�1 − �̂�2]′; �̂�1  and �̂�2 are the least square estimates of 

𝑎1  and 𝑎2  respectively. r=[0,0]′ and �̂�2 is the least square estimate of 𝜎2 . 𝑥𝑡 = [𝑢𝑡−1
3 , 𝑢𝑡−1

4 ]′  as in 

equation 8 and m=2.  This test statistics is presented in the parenthesis below (a1-a2) in last column of 

Table 4. The statistics is significant for all the countries except France. Hence, even though unit root 

test of Sollis (2009) would point out an nonlinear behaviour for France, the result of the Wald test that 

we suggest could not reject the null hypothesis that a1 is not different than a2, denying an AESTAR 

type nonlinearity. Hence, we suggest the use of that Wald test as a further examination of the sign 

                                                           
11 The sequential quadratic programming method of Gauss 14 is used to solve the nonlinear problem. For some parameters, estimations 

return the minimum value to comply with the given restrictions. Standard errors are close to zero for these cases.  

 

θ1 θ2 a1 a2 a1 - a2

Belgium 0.26 70.51 -0.01 -1.44 1.43

(162.26) (26326.38) (0.00) (880.75) (274.84)

Cyprus 0.01 0.75 -34.34 -0.19 -34.15

(0.00) (0.00) (0.00) (0.00) (79878.18)

France 0.01 0.54 -0.01 -0.24 0.23

(0.00) (0.33) (0.00) (0.00) (2.13)

Luxemburg 0.03 32.95 -0.01 -5.20 5.19

(0.00) (3.07) (1.13) (0.85) (7026.81)

Netherlands 0.11 115.59 -0.01 -1.97 1.96

(0.00) (0.00) (0.00) (0.00) (1967.17)

Norway 0.03 48.67 -0.01 -2.33 2.32

(0.00) (0.00) (0.00) (0.00) (2709.22)

Poland 0.09 73.31 -0.01 -4.21 4.20

(0.00) (0.00) (0.00) (0.00) (3149.72)

Sweden 0.03 14.94 -374.75 -0.10 -374.65

(0.00) (0.00) (0.02) (0.00) (5655322.00)
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asymmetry in AESTAR model. That being said we nevertheless present the results of the out-of-

sample forecasting exercise results for France, in the next subsection.  

 The sign of the difference between parameters (a1-a2) provides us information about the 

characteristic of asymmetric correction. For example, the results for Belgium in Table 3 states that 

when food prices are below the mean the combined function in equation 4: 

        1
*

1
*

1
*

1
* )44.1(,51.701)01.0(,51.70,26.0   tttt uuSuSuG

 

would change between -1.44 and 0. Otherwise, if the food price is above the mean, then the 

combined function changes between -0.01 and 0. Hence, a positive (a1-a2) would indicate that the 

correction towards the mean is stronger when the food prices are below the band as compared with the 

case when the food prices are above the band.  The reason for this could be strong persistence in food 

price inflation. That is the case for all countries with a positive (a1-a2) in Table 3 (Belgium, 

Luxemburg, Netherlands, Norway and Poland). For Cyprus and Sweden the opposite case holds where 

the mean-reversion is stronger once the food prices are above the band compared to the case where the 

index falls below it. This result suggests that upwards deviations are relatively short-lived for these 

countries.  

As a final remark on Table 3, since higher θ1 implies a higher speed of transition, we can 

conclude that for Belgium, Netherlands and Poland the mean-reversion is relatively faster compared to 

the rest of the group.  

 

c. Out-of-Sample Forecasting Analysis 

The next step in our analysis after estimation is testing the power of our nonlinear models in 

predicting food prices. We first divide the sample in two parts. Our training sample starts with the 

initial point of the series (January 1996) and ends at December 2014. Hence the forecasting sample 

covers 18 months between January 2015 and June 2016. Using our ESTAR and AESTAR estimations, 

we derive one, three, six, nine and twelve months-ahead forecasts. We carry out his task by extending 

the estimation period one month at a time until the end of the pseudo out-of-sample period.   

The forecasting power of our models is compared with a simple benchmark model. In practice, 

usually a naïve random walk or a simple autoregressive (AR) model is used as a benchmark. Since our 

nonlinear models have an AR component, we chose a simple linear AR model as our benchmark. 

Table 4 displays the relative root mean square errors (RRMSE’s) for ESTAR and AESTAR against 

the linear AR benchmark. The predictive power of the models for each forecast horizon is displayed in 

consecutive columns.  A figure below 1 denotes improvement in prediction over AR model. 
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Table 4 

 
a) Out-of-Sample Exercise: ESTAR model RRMSE’s 

 

 

b) Out-of-Sample Exercise: AESTAR model RRMSE’s 

 

 A general look at the results indicated that the forecasting power of both models relative to a 

simple linear AR model is poor. While ESTAR model shows slight improvements in longer horizons 

for some countries (e.g. UK for nine months or Latvia for twelve months), the predictive power of 

AESTAR model compared to the linear AR models is very poor.  

The previous literature provides mixed results on the issue of forecasting power of nonlinear 

models. Teräsvirta and Anderson (1992) argue that forecasting power of STAR models is not strong 

relative to the linear alternatives. Some studies argue that the predictive performance of nonlinear 

models depend on factors such as estimation and forecasting period (Clements and Smith, 2001) as 

well as the choice of the model or macroeconomic variables (Ferrara et al., 2015).  McMillan and 

Wohar (2010) shows that the forecasting power of AESTAR model is better than linear models and 

ESTAR model for dividend–price ratio of the stock returns. Akdoğan (2015) shows that the ESTAR 

and AESTAR models show slight improvements over a naive random walk benchmark for inflation in 

the longer horizon for some inflation targeting countries while Akdoğan (2016) argues that the 

predictive performance of these models are poor for unemployment, once we chose the benchmark as 

a simple AR model. This paper also report poor performance of such models for predicting food prices. 

Hence, according to our results, the specification of the benchmark is also important in determining 

the forecasting power of nonlinear models. On the other hand, literature provides evidence of 

h=1 h=3 h=6 h=9 h=12

Cyprus 1.11 1.08 1.07 1.05 0.92

Iceland 1.05 0.99 0.90 0.90 0.87

Latvia 1.01 1.02 0.96 1.08 0.85

Lithuania 1.11 1.11 1.18 1.25 1.01

United Kingdom 0.99 1.00 2.32 0.74 1.02

average 1.05 1.04 1.29 1.00 0.93

h=1 h=3 h=6 h=9 h=12

Belgium 4.41 5.93 3.99 3.67 3.25

Cyprus 1.45 1.40 1.35 1.33 1.17

France 6.27 5.95 6.37 6.89 4.69

Luxemburg 7.52 8.17 10.00 8.46 7.02

Netherlands 2.94 3.10 3.10 3.23 3.61

Norway 3.07 2.57 2.53 2.23 1.71

Poland 4.60 4.66 4.33 4.33 5.75

Sweden 4.14 4.38 3.94 3.97 3.00

average 4.30 4.52 4.45 4.26 3.77
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improvements in forecasting power for nonlinear models over their linear alternatives for exchange 

rate (Killian and Taylor,  2003; Altavilla and De Grauwe, 2010) 

 

IV. Conclusion 

Stability in food prices is essential for many reasons such as food security or price stability in 

general. The high volatility in food prices in the last decade urges policy makers to design policies to 

smooth the potential negative impacts. From this standpoint, this paper contributes to the literature that 

explores the time-series characteristics of food price series. Our interest lies in assessing the linear or 

non-linear mean-reverting behaviour in unprocessed food prices for 24 European countries. We 

employ linear and nonlinear unit root tests, taking into account possible trends and structural breaks in 

the series. Our results indicate that for some countries the unprocessed food price series display 

nonlinear behaviour, in alternative smooth transition forms including asymmetries depending on the 

sign and size of the deviation from the long-run mean. We further perform a forecasting exercise using 

ESTAR and AESTAR models. Nonetheless, these models hardly display improvements over a simple 

AR model.  

A number of research questions emerge for future analysis. First, what constitutes excessive 

food price volatility for an economy? While our models argue that for some countries there is a 

threshold level beyond which strong correction behaviour towards the equilibrium is observable; the 

impact of policies prescribed against extreme volatility in these mean-reverting behaviour could not be 

singled out straightforwardly. There are many other forces that would affect the strength and the speed 

of the drive towards the mean, including the domestic market structure, the extent of the price 

transmission from international prices to domestic market or the degree of market openness. Hence, 

assessing the appropriate timing of the policy response requires timely and detailed information on the 

price dynamics at the national and the global level. From this standpoint, a further avenue of research 

would explore the diverse impacts of food price volatility on food importing countries and the 

countries which mainly depend on export revenues from agricultural sector. 

Second, while our focus on this analysis is on the national food price index, a further detailed 

exploration might study the main components of these aggregate indices; such as meat, dairy, sugar or 

grain. Such disaggregation would help the researchers in taking cognizance of the disproportionate 

impact of price volatility on key exporters of agricultural commodities compared to the others. 

Moreover, the weights of these components in the consumer price indices would differ among 

countries which would also affect the pace and the of the price adjustment.      

 

  



15 
 

References 

Altavilla, C., & De Grauwe, P. (2010). Forecasting and combining competing models of exchange rate 

determination. Applied economics, 42(27), 3455-3480. 

Asche, F., Oglend, A., & Tveteras, S. (2013). Regime shifts in the fish meal/soybean meal price ratio. 

Journal of Agricultural Economics, 64(1), 97-111. 

Akdoğan, K. (2015). Asymmetric Behaviour of Inflation around the Target in Inflation‐Targeting 

Countries. Scottish Journal of Political Economy, 62(5), 486-504. 

Akdoğan, K., (2016).  Empirical Economics , forthcoming, doi:10.1007/s00181-016-1171-8 

Baffes, J., & Dennis, A. (2013). Long-term drivers of food prices. World Bank Policy Research 

Working Paper, (6455). 

Baffes, J., & Etienne, X. L. (2016). Analysing food price trends in the context of Engel’s Law and the 

Prebisch-Singer hypothesis. Oxford Economic Papers, doi: 10.1093/oep/gpw011. 

Balagtas, J. V., & Holt, M. T. (2009). The commodity terms of trade, unit roots, and nonlinear 

alternatives: a smooth transition approach. American Journal of Agricultural Economics, 

91(1), 87-105. 

Beckmann, J., & Czudaj, R. (2014). Non-linearities in the relationship of agricultural futures prices. 

European Review of Agricultural Economics, 41(1), 1-23. 

Christopoulos, D. K., & León-Ledesma, M. A. (2010). Smooth breaks and non-linear mean reversion: 

Post-Bretton Woods real exchange rates. Journal of International Money and Finance, 29(6), 

1076-1093. 

Clements, M. P., & Smith, J. (2001). Evaluating forecasts from SETAR models of exchange rates. 

Journal of International Money and Finance, 20(1), 133-148. 

Cuddington, J. T., & Urzúa, C. M. (1989). Trends and cycles in the net barter terms of trade: a new 

approach. The Economic Journal, 99(396), 426-442. 

Deaton, A., & Laroque, G. (1995). Estimating a nonlinear rational expectations commodity price 

model with unobservable state variables. Journal of Applied Econometrics, 10(S1), S9-S40. 

Dillon, B. M., & Barrett, C. B. (2015). Global oil prices and local food prices: Evidence from east 

africa. American Journal of Agricultural Economics, aav040. 

FAO (2012a), Technical background document for the high-level event on: “Food price volatility and 

the role of speculation”, Food and Agricultural Organization, Rome, 6 July 2012. 

FAO (2012b), Price Volatility in Food and Agricultural Markets: Policy Responses, Policy Report 

including contributions by FAO, IFAD, IMF,OECD, UNCTAD, WFP, the World Bank, the 



16 
 

WTO, IFPRI and the UN HLTF, Food and Agricultural Organization, 2 June 2011 (available 

at http://www.fao.org). 

FAO (2013), Speech by J.G. Da Silva on Ministerial Meeting on International Food Prices, (available 

at http://www.fao.org/about/who-we-are/director-gen/faodg-statements/detail/en/c/201905/)  

FAO (2016), Concept Note on the Ministerial Meeting on Long-term Commodity Price Trends and 

Sustainable Agricultural Development, Rome, 3 October 2016, available at 

(http://www.fao.org/3/a-mr119e.pdf) 

Ferrara, L., Marcellino, M., & Mogliani, M. (2015). Macroeconomic forecasting during the Great 

Recession: The return of non-linearity?. International Journal of Forecasting, 31(3), 664-679. 

Holt, M. T., & Craig, L. A. (2006). Nonlinear dynamics and structural change in the US hog—corn 

cycle: A time-varying STAR approach. American Journal of Agricultural Economics, 88(1), 

215-233. 

Granger, C.W.J. and Teräsvirta, T., (1993), Modelling Nonlinear Economic Relationships, Oxford 

University Press, Oxford. 

Kapetanios, G., Shin, Y., & Snell, A. (2003). Testing for a unit root in the nonlinear STAR framework. 

Journal of Econometrics, 112(2), 359-379. 

Kilian, L., & Taylor, M. P. (2003). Why is it so difficult to beat the random walk forecast of exchange 

rates?. Journal of International Economics, 60(1), 85-107. 

Koenker, R., & Xiao, Z. (2004). Unit root quantile autoregression inference. Journal of the American 

Statistical Association, 99(467). 

Koenker, R., & Xiao, Z. (2006). Quantile autoregression. Journal of the American Statistical 

Association, 101(475), 980-990. 

Manzan, S., & Zerom, D. (2014). Asymmetric Quantile Persistence and Predictability: the Case of US 

Inflation. Oxford Bulletin of Economics and Statistics. 

McMillan, D. G., & Wohar, M. E. (2010). Stock return predictability and dividend-price ratio: a 

nonlinear approach. International Journal of Finance & Economics, 15(4), 351-365. 

Prebisch, R. (1950). The economic development of Latin America and its principal problems. United 

Nations. 

Sapsford, D. (1985). The statistical debate on the net barter terms of trade between primary 

commodities and manufactures: a comment and some additional evidence. The Economic 

Journal, 95(379), 781-788. 

http://www.fao.org/


17 
 

Singer, H. W. (1950). The distribution of gains between investing and borrowing countries. The 

American Economic Review, 40(2), 473-485. 

Sollis, R. (2009). A simple unit root test against asymmetric STAR nonlinearity with an application to 

real exchange rates in Nordic countries. Economic Modelling, 26(1), 118-125. 

Teräsvirta, T. (2006). Forecasting economic variables with nonlinear models. Handbook of economic 

forecasting, 1, 413-457.  

Teräsvirta, T., & Anderson, H. M. (1992). Characterizing nonlinearities in business cycles using 

smooth transition autoregressive models. Journal of Applied Econometrics, 7(S1), S119-S136. 

Thirlwall, A. P., & Bergevin, J. (1985). Trends, cycles and asymmetries in the terms of trade of 

primary commodities from developed and less developed countries. World Development, 

13(7), 805-817. 

Tillmann, P., & Wolters, M. H. (2012). The changing dynamics of US inflation persistence: a quantile 

regression approach (No. 06-2012). Joint discussion paper series in economics. 

Tsong, C. C., & Lee, C. F. (2011). Asymmetric inflation dynamics: evidence from quantile regression 

analysis. Journal of Macroeconomics, 33(4), 668-680. 

Ubilava, D. (2012). Modeling Nonlinearities in the US Soybean‐to‐Corn Price Ratio: A Smooth 

Transition Autoregression Approach. Agribusiness, 28(1), 29-41. 

 

 



 

 

 

Central Bank of the Republic of Turkey  

Recent Working Papers 

The complete list of Working Paper series can be found at Bank’s website 

(http://www.tcmb.gov.tr) 
 

Rise of Services and Female Employment: Strength of the Relationship 
(Şerife Genç İleri, Gönül Şengül Working Paper No. 17/02, February 2017) 

 

Self-Insurance and Consumption Risk-Sharing between Birth-Year Cohorts in Turkey 
(Evren Ceritoğlu Working Paper No. 17/01, January 2017) 

 

Welfare Gains from Reducing the Implementation Delays in Public Investment 
(H. Murat Özbilgin Working Paper No. 16/28, December 2016) 

 

Estimating Light-Vehicle Sales in Turkey 
(Ufuk Demiroğlu, Çağlar Yüncüler Working Paper No. 16/27, December 2016) 

 

Childcare Prices and Maternal Employment: A Meta-Analysis 
(Yusuf Emre Akgündüz, Janneke Plantenga Working Paper No. 16/26, December 2016) 

 

Real Wages and the Business Cycle in Turkey 
(Altan Aldan, H. Burcu Gürcihan Yüncüler Working Paper No. 16/25, November 2016) 

 

Exports, Real Exchange Rates and External Exposures: Empirical Evidence From Turkish Manufacturing Firms  
(Nazlı Toraganlı, Cihan Yalçın Working Paper No. 16/24, November 2016) 

 

Entrepreneurship in the Shadows: Wealth Constraints and Government Policy 
(Semih Tümen Working Paper No. 16/23, November 2016) 

 

Ex-Ante Labor Market Effects of Compulsory Military Service 
(Huzeyfe Torun Working Paper No. 16/22 November 2016) 

Co-movement of Exchange Rates with Interest Rate Differential, Risk Premium and FED Policy in "Fragile Economies" 
(M. Utku Özmen, Erdal Yılmaz Working Paper No. 16/21 September 2016) 

Job Security and Housing Credits  

(Kurmaş Akdoğan, Ayşe Tatar, Ayşe Arzu Yavuz Working Paper No. 16/20 September 2016) 

Cyclical Variation of Fiscal Multiplier in Turkey 
(Cem Çebi, K. Azim Özdemir Working Paper No. 16/19 September 2016) 

Unemployment Hysteresis and Structural Change in Europe 
(Kurmaş Akdoğan Working Paper No. 16/18 August 2016) 

Asymmetric Government Expenditure: A Comparison of Advanced and Developing Countries 
(Ali Aşkın Çulha Working Paper No. 16/17 August 2016) 

Firmaların Sabit Sermaye Yatırım Kararlarının Analizi: Türkiye İmalat Sanayine Dair Bulgular 
(Evren Erdoğan Coşar Çalışma Tebliği No. 16/16 Temmuz 2016) 

 
Cross-Border Capital Flows in Emerging Markets: Demand-Pull or Supply-Push? 
(Kurmaş Akdoğan, Neslihan Kaya Ekşi, Ozan Ekşi Working Paper No. 16/15 June 2016) 

Minimum Wage Effects on Labor Market Outcomes in Turkey 
(H. Burcu Gürcihan Yüncüler, Çağlar Yüncüler Working Paper No. 16/14 June 2016) 

On Estimation of the Normalized CES Production Function for Turkey  
(Selen Başer Andıç Working Paper No. 16/13 June 2016) 

A Dynamic Approach to Analyzing the Effect of the Global Crisis on Non-Performing Loans:  

Evidence from the Turkish Banking Sector  
(Vuslat Us Working Paper No. 16/12 April 2016) 

http://www.tcmb.gov.tr/
http://www.tcmb.gov.tr/wps/wcm/connect/TCMB+EN/TCMB+EN/Main+Menu/PUBLICATIONS/Research/Working+Paperss/2017/17-02
http://www.tcmb.gov.tr/wps/wcm/connect/TCMB+EN/TCMB+EN/Main+Menu/PUBLICATIONS/Research/Working+Paperss/2017/17-02
http://www.tcmb.gov.tr/wps/wcm/connect/TCMB+EN/TCMB+EN/Main+Menu/PUBLICATIONS/Research/Working+Paperss/2017/17-02
mailto:gonul.sengul@tcmb.gov.tr
http://www.tcmb.gov.tr/wps/wcm/connect/TCMB+EN/TCMB+EN/Main+Menu/PUBLICATIONS/Research/Working+Paperss/2016/16-28
http://www.tcmb.gov.tr/wps/wcm/connect/TCMB+EN/TCMB+EN/Main+Menu/PUBLICATIONS/Research/Working+Paperss/2016/16-28
http://www.tcmb.gov.tr/wps/wcm/connect/TCMB+EN/TCMB+EN/Main+Menu/PUBLICATIONS/Research/Working+Paperss/2016/16-28
http://www.tcmb.gov.tr/wps/wcm/connect/TCMB+EN/TCMB+EN/Main+Menu/PUBLICATIONS/Research/Working+Paperss/2016/16-28
http://www.tcmb.gov.tr/wps/wcm/connect/TCMB+EN/TCMB+EN/Main+Menu/PUBLICATIONS/Research/Working+Paperss/2016/16-27
http://www.tcmb.gov.tr/wps/wcm/connect/TCMB+EN/TCMB+EN/Main+Menu/PUBLICATIONS/Research/Working+Paperss/2016/16-27
http://www.tcmb.gov.tr/wps/wcm/connect/TCMB+EN/TCMB+EN/Main+Menu/PUBLICATIONS/Research/Working+Paperss/2016/16-27
mailto:caglar.yunculer@tcmb.gov.tr
http://www.tcmb.gov.tr/wps/wcm/connect/TCMB+EN/TCMB+EN/Main+Menu/PUBLICATIONS/Research/Working+Paperss/2016/16-26
http://www.tcmb.gov.tr/wps/wcm/connect/TCMB+EN/TCMB+EN/Main+Menu/PUBLICATIONS/Research/Working+Paperss/2016/16-26
http://www.tcmb.gov.tr/wps/wcm/connect/TCMB+EN/TCMB+EN/Main+Menu/PUBLICATIONS/Research/Working+Paperss/2016/16-26
mailto:j.plantenga@uu.nl
http://www.tcmb.gov.tr/wps/wcm/connect/TCMB+EN/TCMB+EN/Main+Menu/PUBLICATIONS/Research/Working+Paperss/2016/16-25
http://www.tcmb.gov.tr/wps/wcm/connect/TCMB+EN/TCMB+EN/Main+Menu/PUBLICATIONS/Research/Working+Paperss/2016/16-25
http://www.tcmb.gov.tr/wps/wcm/connect/TCMB+EN/TCMB+EN/Main+Menu/PUBLICATIONS/Research/Working+Paperss/2016/16-25
mailto:burcu.gurcihan@tcmb.gov.tr
http://www.tcmb.gov.tr/wps/wcm/connect/TCMB+EN/TCMB+EN/Main+Menu/PUBLICATIONS/Research/Working+Paperss/2016/16-23
http://www.tcmb.gov.tr/wps/wcm/connect/TCMB+EN/TCMB+EN/Main+Menu/PUBLICATIONS/Research/Working+Paperss/2016/16-23
http://www.tcmb.gov.tr/wps/wcm/connect/TCMB+EN/TCMB+EN/Main+Menu/PUBLICATIONS/Research/Working+Paperss/2016/16-23
http://www.tcmb.gov.tr/wps/wcm/connect/TCMB+EN/TCMB+EN/Main+Menu/PUBLICATIONS/Research/Working+Paperss/2016/16-23
http://www.tcmb.gov.tr/wps/wcm/connect/TCMB+EN/TCMB+EN/Main+Menu/PUBLICATIONS/Research/Working+Paperss/2016/16-21
http://www.tcmb.gov.tr/wps/wcm/connect/TCMB+EN/TCMB+EN/Main+Menu/PUBLICATIONS/Research/Working+Paperss/2016/16-21
http://www.tcmb.gov.tr/wps/wcm/connect/TCMB+EN/TCMB+EN/Main+Menu/PUBLICATIONS/Research/Working+Paperss/2016/16-21
http://www.tcmb.gov.tr/wps/wcm/connect/TCMB+EN/TCMB+EN/Main+Menu/PUBLICATIONS/Research/Working+Paperss/2016/16-21
mailto:erdal.yilmaz@tcmb.gov.tr
http://www.tcmb.gov.tr/wps/wcm/connect/TCMB+EN/TCMB+EN/Main+Menu/PUBLICATIONS/Research/Working+Paperss/2016/16-20
http://www.tcmb.gov.tr/wps/wcm/connect/TCMB+TR/TCMB+TR/Main+Menu/Yayinlar/Arastirma+Yayinlari/Calisma+Tebligleri/2016/16-20
http://www.tcmb.gov.tr/wps/wcm/connect/TCMB+TR/TCMB+TR/Main+Menu/Yayinlar/Arastirma+Yayinlari/Calisma+Tebligleri/2016/16-20
mailto:%20ay.tat2015@gmail.com
mailto:arzu.yavuz@tcmb.gov.tr
http://www.tcmb.gov.tr/wps/wcm/connect/TCMB+EN/TCMB+EN/Main+Menu/PUBLICATIONS/Research/Working+Paperss/2016/16-19
http://www.tcmb.gov.tr/wps/wcm/connect/TCMB+EN/TCMB+EN/Main+Menu/PUBLICATIONS/Research/Working+Paperss/2016/16-19
http://www.tcmb.gov.tr/wps/wcm/connect/TCMB+EN/TCMB+EN/Main+Menu/PUBLICATIONS/Research/Working+Paperss/2016/16-19
mailto:azim.ozdemir@tcmb.gov.tr
http://www.tcmb.gov.tr/wps/wcm/connect/TCMB+EN/TCMB+EN/Main+Menu/PUBLICATIONS/Research/Working+Paperss/2016/16-18
http://www.tcmb.gov.tr/wps/wcm/connect/TCMB+EN/TCMB+EN/Main+Menu/PUBLICATIONS/Research/Working+Paperss/2016/16-18
http://www.tcmb.gov.tr/wps/wcm/connect/TCMB+EN/TCMB+EN/Main+Menu/PUBLICATIONS/Research/Working+Paperss/2016/16-18
http://www.tcmb.gov.tr/wps/wcm/connect/TCMB+EN/TCMB+EN/Main+Menu/PUBLICATIONS/Research/Working+Paperss/2016/16-17
http://www.tcmb.gov.tr/wps/wcm/connect/TCMB+EN/TCMB+EN/Main+Menu/PUBLICATIONS/Research/Working+Paperss/2016/16-17
http://www.tcmb.gov.tr/wps/wcm/connect/TCMB+EN/TCMB+EN/Main+Menu/PUBLICATIONS/Research/Working+Paperss/2016/16-17
http://www.tcmb.gov.tr/wps/wcm/connect/TCMB+TR/TCMB+TR/Main+Menu/Yayinlar/Arastirma+Yayinlari/Calisma+Tebligleri/2016/16-16
http://www.tcmb.gov.tr/wps/wcm/connect/TCMB+TR/TCMB+TR/Main+Menu/Yayinlar/Arastirma+Yayinlari/Calisma+Tebligleri/2016/16-16
http://www.tcmb.gov.tr/wps/wcm/connect/TCMB+TR/TCMB+TR/Main+Menu/Yayinlar/Arastirma+Yayinlari/Calisma+Tebligleri/2016/16-16
http://www.tcmb.gov.tr/wps/wcm/connect/TCMB+EN/TCMB+EN/Main+Menu/PUBLICATIONS/Research/Working+Paperss/2016/16-15
http://www.tcmb.gov.tr/wps/wcm/connect/TCMB+EN/TCMB+EN/Main+Menu/PUBLICATIONS/Research/Working+Paperss/2016/16-15
http://www.tcmb.gov.tr/wps/wcm/connect/TCMB+EN/TCMB+EN/Main+Menu/PUBLICATIONS/Research/Working+Paperss/2016/16-15
mailto:neslihan.kaya@tcmb.gov.tr
mailto:ozaneksi@gmail.com
http://www.tcmb.gov.tr/wps/wcm/connect/TCMB+EN/TCMB+EN/Main+Menu/PUBLICATIONS/Research/Working+Paperss/2016/16-14
http://www.tcmb.gov.tr/wps/wcm/connect/TCMB+EN/TCMB+EN/Main+Menu/PUBLICATIONS/Research/Working+Paperss/2016/16-14
http://www.tcmb.gov.tr/wps/wcm/connect/TCMB+EN/TCMB+EN/Main+Menu/PUBLICATIONS/Research/Working+Paperss/2016/16-14
mailto:caglar.yunculer@tcmb.gov.tr

	kapak
	Akdogan_wp_10subat
	SONSAYFA1702

