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4. Data and Econometric Methodology
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Table 1
Data Period

No Country Name Data Period
1 Brazil 1960 2017
2 China 1960 2017
3 Egypt 1965 2017
4 India 1960 2017
5 Indonesia 1960 2017
6 Korea 1960 2017
7 Mexico 1960 2017
8 Russia 1989 2017
9 Taiwan 1981 2017

10 Turkey 1960 2017
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1 In this study ADF unit root test is applied and it is observed 
from the test results that none of the variables are I(2).
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Table 2
Linear ARDL and Nonlinear ARDL Model and Diagnostic Statistics When EX = f(IM)

Country Brazil China Egypt India Indonesia

Model
Linear 
ARDL

Non-
Linear 
ARDL

Linear 
ARDL

Non-
Linear 
ARDL

Linear 
ARDL

Non-
Linear 
ARDL

Linear 
ARDL

Non-
Linear 
ARDL

Linear 
ARDL

Non-
Linear 
ARDL

(1,1) (2,0,2)  (2,3) (1,2,1) (2,3) (2,2,3) (1,3) (4,4,1) (1,1) (1,2,0)
F-Bound 
statistics 3.727 4.735c 6.671a 10.44a 3.001 4.837c 2.495 3.696 9.747a 5.896b

BG LM Test 0,615
(0.53)

1.727
(0.19)

0.750
(0.48)

0.374
(0.69)

0.123
(0.88)

0.003
(0.99)

1.630
(0.21)

1.865
(0.17)

0.596
(0.56)

0.643
(0.53)

ARCH LM
Test

0.844
(0.44)

1.462 
(0.24)

0.180
(0.84)

0.539
(0.59)

0.657
(0.52)

0.135
(0.87)

0.571
(0.57)

1.941
(0.15)

0.081
(0.92)

0.066
(0.93)

Jarquae-Bera
Test

2.977
(0.23)

5.770c

(0.06)
7.251b

(0.03)
4.620
(0.10)

1.195
(0.55)

0.232
(0.89)

1.805
(0.41)

0.554
(0.76)

4.575
(0.10)

2.590
(0.27)

CS (CSQ) S (S) S (S) S (S) S (S) S (S) S (S) S (S) S (S) S (S) S (S)
H0 
Hypothesis ACCP RJCT RJCT RJCT ACCP RJCT ACCP ACCP RJCT RJCT

Note: BG is the Breusch-Godfrey serial correlation test, ARCH is the Autoregressive conditional heteroscedasticity test. The num-
bers in the parenthesis ( ) indicate the probability of statistics. The optimal lag order selected by the Akaike Information Criterion 
(AIC). L denotes logarithmic operator. CS and CSQ are CUSUM and CUSUMSQ tests, respectively. The critical value bounds for 
the F-statistics have obtained from Pesaran et al (2001) CASE III. a, b and c denote rejection of null hypothesis at the %1, %5 and %10 
levels of significance respectively. “ACCP” and “RJCT” refer to “Accepted” and “Rejected” respectively

Continued Table 2 
Country Korea Mexico Russia Taiwan Turkey

Model
Linear 
ARDL

Non-
Linear 
ARDL

Linear 
ARDL

Non-
Linear 
ARDL

Linear 
ARDL

Non-
Linear 
ARDL

Linear 
ARDL

Non-
Linear 
ARDL

Linear 
ARDL

Non-
Linear 
ARDL

(1,1) (2,2,1) (3,1) (3,1,1) (1,1) (2,2,1) (2,2) (2,2,2) (1,4) (1,0,4)
F-Bound 
statistics 4.212 5.494b 1.299 4.285c 2.245 10.30a 4.010 2.325 7.590a 6.801a

BG LM Test 2.597
(0.08)

0.538
(0.59)

0.763
(0.47)

0.172
(0.84)

2.693
(0.09)

0.590
(0.57)

0.521
(0.60)

0.847
(0.44)

0.041
(0.96)

0.554
(0.58)

ARCH LM
Test

0.138
(0.87)

0.395
(0.68)

0.781
(0.46)

1.602
(0.21)

1.401
(0.27)

1.144
(0.87)

1.880
(0.17)

2.047
(0.15)

0.366
(0.70)

0.276
(0.76)

Jarquae-Bera
Test

129.9a

(0.00)
68.65a

(0.00)
133.1a

(0.00)
73.71a

(0.00)
14.90a

(0.00)
0.846
(0.66)

1.847
(0.40)

1.473
(0.48)

15.74a

(0.00)
43,65a

(0.00)
CS (CSQ) S (S) S (S) S (S) S (S) S (US) S (S) S (S) US (S) S (S) S (S)
H0 
Hypothesis ACCP RJCT ACCP RJCT ACCP RJCT ACCP ACCP RJCT RJCT

Note: BG is the Breusch-Godfrey serial correlation test, ARCH is the Autoregressive conditional heteroscedasticity test. The num-
bers in the parenthesis ( ) indicate the probability of statistics. The optimal lag order selected by the Akaike Information Criterion 
(AIC). L denotes logarithmic operator. CS and CSQ are CUSUM and CUSUMSQ tests, respectively. The critical value bounds for 
the F-statistics have obtained from Pesaran et al (2001) CASE III. a, b and c denote rejection of null hypothesis at the %1, %5 and %10 
levels of significance respectively. “ACCP” and “RJCT” refer to “Accepted” and “Rejected” respectively.
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1 The findings of the short-term can be provided on demand.
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Table 3
Error Correction Term and Long Run Results when EX = f(IM)

Country
Brazil China Egypt Indonesia

Linear NonLinear Linear NonLinear Linear NonLinear Linear NonLinear
c 2.619a 0.345c 2.936a 5.577a 3.359a 5.396a

IM 1.191a 1.451a

IM 0.877b 1.433a 0.975a 1.569a

IM 0.844c 1.592a 0.937a 1.608a

ECTt 1 0.311a 0.424a 0.502a 0.339a 0.466a 0.491a

Note: ECT is error correction term. a, b and c denote rejection of null hypothesis at the %1, %5 and %10 levels of significance 
respectively.

Continued Table 3

Country
Korea Mexico Russia Turkey

Linear NonLinear Linear NonLinear Linear NonLinear Linear NonLinear
c 2.224a 1.744a 14.705a 0.736b 0.623
IM 0.975a

IM 1.023a 0.080 4.616a 1.038a

IM 0.715a 1.058 3.492a 1.115a

ECT t 1 0.492a 0.326a 0.723a 0.419a 0.445a

Note: ECT is error correction term. a, b and c denote rejection of null hypothesis at the %1, %5 and %10 levels of significance 
respectively.
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Table 4
Linear ARDL and Nonlinear ARDL Model and Diagnostic Statistics when IM = f(EX)

Country Brazil China Egypt India Indonesia

Model
Linear 
ARDL

Non-
Linear 
ARDL

Linear 
ARDL

Non-
Linear 
ARDL

Linear 
ARDL

Non-
Linear 
ARDL

Linear 
ARDL

Non-
Linear 
ARDL

Linear 
ARDL

Non-
Linear 
ARDL

(1,2) (1,0,4) (3,1) (3,1,1) (3,1) (1,1,0) (4,4) (1,1,4) (1,1) (4,2,0)
F-Bound statistics 1.835 6.321b 3.643 3.198 1.812 5.062b 6.807b 12.38a 13.10a 5.696b

BG LM Test 0.963
(0.39)

0.694
(0.51)

0.250
(0.78)

0.186
(0.83)

0.268
(0.76)

2.580
(0.09)

1.614
(0.21)

1.896
(0.16)

1.197
(0.31)

0.588
(0.56)

ARCH LM
Test

0.060
(0.94)

0.063
(0.94)

0.201
(0.52)

0.114
(0.89)

2.114
(0.13)

2.074
(0.14)

1.312
(0.28)

1.375
(0.26)

0.953
(0.33)

3.636b

(0.04)
Jarquae-Bera
Test

42.15a

(0.00)
128.5a
(0.00)

20.80a

(0.00)
31.29a

(0.00)
10.76a

(0.00)
2.772
(0.25)

2.629
(0.27)

0.878
(0.64)

9.072b

(0.011)
3.390
(0.18)

CS (CSQ) S (S) S (S) S (US) S (US) S (S) S (US) S (US) S (S) S (US) US (S)
H0 Hypothesis ACCP RJCT ACCP ACCP ACCP RJCT RJCT RJCT RJCT RJCT

Note: BG is the Breusch-Godfrey serial correlation test, ARCH is the Autoregressive conditional heteroscedasticity test. The 
numbers in the parenthesis ( ) indicate the probability of statistics. The optimal lag order selected by the Akaike Information 
Criterion (AIC). L denotes logarithmic operator. CS and CSQ are CUSUM and CUSUMSQ tests respectively. The critical value 
bounds for the F-statistics have obtained from Pesaran et al (2001) CASE III. a, b and c denote rejection of null hypothesis at the %1, 
%5 and %10 levels of significance respectively. “ACCP” and “RJCT” refer to “Accepted” and “Rejected” respectively.

Continued Table 4
Country LIndonesia Korea Mexico LMexico Russia

Model
Linear 
ARDL

Non-
Linear 
ARDL

Linear 
ARDL

Non-
Linear 
ARDL

Linear 
ARDL

Non-
Linear 
ARDL

Linear 
ARDL

Non-
Linear 
ARDL

Linear 
ARDL

Non-
Linear 
ARDL

(4,2) (4,1,4) (3,3) (1,1,1) (1,1) (2,0,1) (1,0) (2,1,1) (1,1) (2,1,2)
F-Bound statistics 19.60a 9.045a 3.542 2.980 5.260c 8.297a 3.480 6.225b 3.123 33.20a

BG LM Test 1.512
(0.23)

0.589
(0.56)

0.713
(0.50)

2.271
(0.11)

0.184
(0.83)

0.517
(0.60)

0.662
(0.52)

0.001
(0.99)

1.608
(0.22)

0.912
(0.42)

ARCH LM
Test

2.760c

(0.07)
2.072
(0.14)

0.244
(0.78)

0.357
(0.70)

5.879b

(0.01)
4.307b

(0.02)
4.228b

(0.02)
1.247
(0.30)

1.066
(0.36)

0.408
(0.67)

Jarquae-Bera
Test

0.787
(0.67)

0.736
(0.69)

4.173
(0.12)

3.253
(0.20)

38.44a

(0.00)
5.715c

(0.06)
19.73a

(0.00)
7.186b

(0.03)
3.499
(0.17)

1.440
(0.49)

CS (CSQ) S (S) US (S) S (S) S (S) S (US) S (S) S (S) S (S) S (US) S (S)
H0 Hypothesis RJCT RJCT ACCP ACCP RJCT RJCT ACCP RJCT ACCP RJCT

Note: BG is the Breusch-Godfrey serial correlation test, ARCH is the Autoregressive conditional heteroscedasticity test. The 
numbers in the parenthesis ( ) indicate the probability of statistics. The optimal lag order selected by the Akaike Information 
Criterion (AIC). L denotes logarithmic operator. CS and CSQ are CUSUM and CUSUMSQ tests respectively. The critical value 
bounds for the F-statistics have obtained from Pesaran et al (2001) CASE III. a, b and c denote rejection of null hypothesis at the %1, 
%5 and %10 levels of significance respectively. “ACCP” and “RJCT” refer to “Accepted” and “Rejected” respectively.

Continued Table 4
Country Taiwan LTaiwan Turkey

Model Linear ARDL Non-Linear 
ARDL Linear ARDL Non-Linear 

ARDL Linear ARDL Non-Linear 
ARDL

(2,2) (1,1,1) (2,2) (2,1,1) (1,0) (1,4,1)
F-Bound statistics 3.796 1.651 3.926 3.240 1.890 8.102a

BG LM Test 0.993
(0.38)

1.761
(0.19)

0.856
(0.44)

0.730
(0.49)

1.222
(0.30)

0.731
(0.49)

ARCH LM
Test

2.153
(0.13)

3.566b

(0.04)
2.062
(0.14)

4.045b

(0.03)
0.336
(0.72)

1.006
(0.37)

Jarquae-Bera
Test

6.340b

(0.04)
8.587b

(0.01)
7.904b

(0.02)
5.143
(0.08)

7.394b

(0.02)
1.381
(0.50)

CS (CSQ) S (S) S (S) S (S) S (S) S (US) S (S)
H0 Hypothesis ACCP ACCP ACCP ACCP ACCP RJCT

Note: BG is the Breusch-Godfrey serial correlation test, ARCH is the Autoregressive conditional heteroscedasticity test. The 
numbers in the parenthesis ( ) indicate the probability of statistics. The optimal lag order selected by the Akaike Information 
Criterion (AIC). L denotes logarithmic operator. CS and CSQ are CUSUM and CUSUMSQ test respectively. The critical value 
bounds for the F-statistics have obtained from Pesaran et al (2001) CASE III. a, b and c denote rejection of null hypothesis at the %1, 
%5 and %10 levels of significance respectively. “ACCP” and “RJCT” refer to “Accepted” and “Rejected” respectively.
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Table 5
Error Correction Term and Long Run Results When IM = f(EX)

Country
Brazil Egypt India Indonesia

Linear NonLinear Linear NonLinear Linear NonLinear Linear NonLinear
c 3.419a 7.937a 0.089 3.230a 4.953a 11.249a

EX 1.172a 0.610a

EX 0.035 0.686b 1.327a 0.572a

EX 0.251 0.806b 2.115a 0.562a

ECT t  1 0.402a 0.323a 0.448a 0.487a 0.633a 0.725a

Note: ECT is error correction term. a, b and c denote rejection of null hypothesis at the %1, %5 and %10 levels of signifi-
cance respectively.

Continued Table 5

Country
Mexico Russia Turkey

Linear NonLinear Linear NonLinear Linear NonLinear
c 0.164 3.431a 41.125a 3.218a

EX 1.166a

EX 0.463b 0.121a 0.289
EX 0.199 0.236a 0.151
ECT t  1 0.181a 0.363a 1.501a 0.550a

Note: ECT is error correction term. a, b and c denote rejection of null hypothesis at the %1, %5 and %10 levels of signifi-
cance respectively.



1251

( )

-
-

-

-

-

-
-
-

-
-
-
-

-

-

References
1. Irandoust, M. & Ericsson, J. (2004). Are Imports and Exports Cointegrated? An International 

Comparison.  Metroeconomica, 55(1),  49–64. DOI: 10.1111/j.0026–1386.2004.00182.x 
2. Husted, S. (1992). The Emerging U.S. Current Account Deficit in the 1980s: A Cointegration Analysis.  The Review of 

Economics and Statistics, 74(1),  159–166. DOI: 10.2307/2109554.
3. Arize, A. C. (2002). Imports and exports in 50 countries.  International Review of Economics & Finance, 11(1),  101–

115. DOI: 10.1016/S1059–0560(01)00101–0.
4. Narayan, P. K. & Narayan, S. (2004). Is There a Long-Run Relationship between Exports and Imports? Evidence from 

Two Pacific Island Countries.  Economic Papers, 23(2),  152–164. DOI: 10.1111/j.1759–3441.2004.tb00361.x. 
5. Engle, R. F. & Granger, C. W. J. (1987). Co-Integration and Error Correction: Representation, Estimation, and 

Testing.  Econometrica, 55(2),  251–276. DOI: 10.2307/1913236.
6. Arize, A. C. & Bahmani-Oskooee, M. (2018). Do Imports and Exports Adjust Nonlinearly? Evidence from 100 

Countries.  Global Economy Journal, 18(1),  1–30. DOI: 10.1515/gej-2017–0094.
7. Bahmani-Oskooee, M. (1994). Are Imports and Exports of Australia Cointegrated?  Journal of Economic Integration, 

9(4),  525–533.
8. Utkulu, U. (1998). Are the Turkish External Deficits Sustainable? Evidence from the Cointegrating Relationship be-

tween Exports and Imports.  Dokuz Eylul University Fakulty of Economics and Administrative Sciences Journal, 13(1),  119–
132.

9. Johansen, S. (1995).   Likelihood-Based Inference in Cointegrating Vector Autoregressive Models.   New York: Oxford 
University Press.

10. Stock, J. H. & Watson, M. W. (1993). A Simple Estimator of Cointegrating Vectors in Higher Order Integrated 
Systems.  Econometrica, 61(4),  783–820. DOI: 10.2307/2951763.

11. Phillips, P. C. B. & Hansen, B. E. (1990). Statistical Inference in Instrumental Variables Regression with I(1) 
Processes.  The Review of Economic Studies, 57(1),  99–125. DOI: 10.2307/2297545.

12. Johansen, S. & Juselius, J. K. (1990). Maximum Likelihood Estimation and Inference on Cointegration — with 
Applications to Demand for demand.   Oxford Bulletin of Economics and Statistics, 52,   169–210. DOI: 10.1111/j.1468–
0084.1990.mp52002003.x.

13. Pesaran, M. H., Shin, Y. & Smith, R. J. (2001). Bounds testing approaches to the analysis of level relationships.  Journal 
of Applied Econometrics, 16(3),  289–326. DOI: https://doi.org/10.1002/jae.616.

14. Herzer, D. & Nowak-Lehman, F. (2005). Are Exports and Imports of Chile Cointegrated?  Ibero America Institute for 
Econ. Research (IAI) Discussion Papers, 111,  1–15.

15. Gregory, A. W. & Hansen, B. E. (1996). Residual-based tests for cointegration in models with regime shifts.  Journal 
of Econometrics, 70(1),  99–126. DOI: 10.1016/0304–4076(69)41685–7.

16. Konya, L. & Singh, J. P. (2008). Are Indian Exports and Imports Cointegrated?  Applied Econometrics and International 
Development, 8(2),  177–186.

17. Emmy, F. A., Baharom, A. H., Radam, A. & Yacob, M. R. (2009). Trade Sustainability in the Forestry Domain: 
Evidence from Malaysia using Johansen and Bound Test Method.  Asian Social Science, 5(12),  78–83.



1252

( )

18. Mukhtar, T. & Rasheed, S. (2010). Testing Long Run Relationship between Exports and Imports: Evidence from 
Pakistan.  Journal of Economic Cooperation and Development, 31(1),  41–58.

19. Johansen, S. (1988). Statistical analysis of cointegration vectors.  Journal of Economic Dynamics and Control, 12(2–3),  
231–254. DOI: 10.1016/0165–1889(88)90041–3.

20. Sonje, A. A., Podobnik, B. & Vizek, M. (2010). Long-Run Relationship between Exports and Imports in Transition 
European Countries.  Ekonomski Pregled, 31(1–2),  1–18. 

21. Wijeweera, A. & Deskins, J. A. (2008). Do recent data provide evidence that the US trade deficit will correct it-
self?  Applied Economics Letters, 17(1),  31–35. DOI: 10.1080/13504850701719751.

22. Rahman, M. Z. (2011). Existence of Export-Import Cointegration: A Study on Indonesia and Malaysia.  International 
Business Research, 4(3),  108–115. DOI: 10.5539/ibr.v4n3p108.

23. Ramakrishna, G. & Sadeghi, A. (2013). The Long run Relationship between Exports and Imports: The Experience of 
India and Iran.  International Journal of Contemporary Issues, 1(2),  1–11.

24. Ali, S. (2013). Cointegration Analysis of Exports and Imports: The Case of Pakistan Economy.  European Journal of 
Technology and Development, 11,  32–38.

25. Chaudhry, A. F., Butt, A. R. & Chani, M. I. (2017). Long-Run Relationship between Exports and Imports of 
Pakistan.  International Journal of economics and Finance, 9(8),  204–211. DOI:10.5539/ijef.v9n8p204.

26. Toda, H. Y. & Yamamoto, T. (1995). Statistical Inference in Vector Autoregressions with Possibly Integrated 
Processes.  Journal of Econometrics, 66,  225–250. DOI: 10.1016/0304–4076(94)01616–8.

27. Babatunda, M. A. (2014). Are Exports and Imports Cointegrated? Evidence from Nigeria.  Journal of International 
and Global Economic Studies, 7(2),  45–67.

28. Hansen, B. E. (1992). Tests for Parameter Stability in Regressions with I(1) Processes.   Journal of Business and 
Economic Statistics, 10,  321–335.

29. Husein, J. (2014). Are Exports and Imports Cointegrated? Evidence from Nine MENA Countries.   Applied 
Econometrics and International Development, 14(1),  124–132.

30. Pillay, S. (2014). The Long Run Relationship between Exports and Imports in South Africa: Evidence from 
Cointegration Analyis.  International Journal of Economics and Management Engineering, 8(6),  1976–1979.

31. Olamade, O. & Oni, O. (2016). Exports and Imports Cointegration: Further Evidence from the ECOWAS.  American 
Journal of Economics, 6(4),  181–188. DOI: 10.5923/j.economics.20160604.01.

32. Yamak, R., Yamak, N. & Koçak, S. (2016). Osmanlı Devleti’nde İhracat ve İthalat Arasındaki Uzun Dönem İlişkisi: 
1840–1913 [The Long-Run Relationship between Exports and Imports in the Ottoman State: 1840–1913].   Karadeniz 
Technical Univesity, Sosyal Bilimler Enstitüsü Sosyal Bilimler Dergisi, 6(12),  231–237. Retrieved from: https://dergipark.org.
tr/tr/pub/sbed/issue/28508/304147 (Date of access: 25.07.2019) (In Turk.)

33. Granger, C. W. J. (1981). Some properties of time series data and their use in econometric model specification.  Journal 
of Econometrics, 16(1),  121–130. DOI: 10.1016/0304–4076(81)90079–8.

34. Schorderet, Y. (2001)   Revisiting Okun’s Law: An Hysteretic Perspective.   Unpublished Manuscript, University of 
California San Diego. Retrieved from: https://escholarship.org/uc/item/2fb7n2wd (Date of access: 27.07.2019)

35. Granger, C. W. J. & Yoon, G. (2002).  Hidden Cointegration.  SSRN Electronic Journal. DOI: 10.2139/ssrn.313831.
36. Shin, Y., Yu, B. & Greenwood-Nimmo, M. (2014). Modelling Asymmetric Cointegration and Dynamic Multipliers 

in a Nonlinear ARDL Framework. In:  Sickles R., Horrace W. (eds) Festschrift in Honor of Peter Schmidt  (pp. 281–314). New 
York: Springer. DOI: 10.1007/978–1-4899–8008–3__9.

37. Narayan, P. K. & Smyth, R. (2006). What Determines Migration Flows from Low-Income to High-Income Countries? 
An Empirical Investigation of Fiji-U.S. Migration 1972–2001.  Contemporary Economic Policy, 24(2),  203–223. DOI: 10.1093/
cep/byj019/

Author 
Ozge Baris-Tuzemen — Doctor of Econometrics, Institute of Social Science, Karadeniz Technical University; ORCID: 

https://orcid.org/0000–0001–7692–5032 (Trabzon, 61080, Turkey; e-mail: ozgebariss@gmail.com).


