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Abstract: This paper uses two different theoretical models – based on Cobb-Douglas 

and Feder – to test whether there is an export-growth nexus in Australia. The Cobb-

Douglas model is tested for cointegration using the Johansen cointegration test. It is then 

tested for direction of causality using the Toda-Yamamoto Granger causality test which 

finds one-way causality to run from exports to non-traded GDP. The Feder model is 

then estimated using OLS, and exports are found to have a positive impact on GDP. 

Accordingly, an export-growth nexus in which exports positively affect aggregate 

income is robustly validated in Australia. 
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1. Introduction 
 

Australia is one of the World’s most open and high income economies in contemporary 

times. It is said to have underwent a mining boom since the 2000s driven by high demand 

in Asia (Lowe, 2012). A period of high growth is observed in the wake of this boom in 

which the Australian GDP grew from A$ (Australian dollar) 1,036,570 million in 2000 to 

A$ 1,520,944 million in 2013 (ABS, 2013a).The average annual growth rate between 

2000 and 2013has been more than 3% and envy to most other developed countries. During 

the same time, exports from Australia rose by more than one-third from A$ 156,173 

million in 2000 to A$ 238,449 million in 2013 (ABS, 2013b). Figure 1 presents the bar 

charts of the value of exports by the three main export sectors of Australia in 1991, 2001, 

and 2013, revealing the rising prominence of mining exports. ‘Mining and extracts’ has 

been its leading export sector since 1991 and has grown more rapidly than either 

agriculture or manufacturing, especially after 2001. On the other hand, exports of 

agricultural goods increased substantially between 1991 and 2001 before declining 

afterwards in 2013. However, exports from the manufacturing sector are seen to have 

declined slowly, starting from 1991 to 2013. 
 

Studies testing the export-growth nexus in Australia include Paul and Chowdhury (1995), 

Bodman (1996), Shan and Sun (1997), Moosa (1999), and Crespo and Wörz (2005). There 

is, however, no unanimity in the literature as Paul and Chowdhury (1995), Bodman (1996), 

and Crespo and Wörz (2005) find proof of export-growth nexus in Australia while Shan 
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and Sun (1997) and Moosa (1999) do not. Unlike the above studies, this paper tests the 

export-growth nexus by means of two theoretical models which are estimated using the 

Johansen test for cointegration and OLS estimation procedure respectively. Furthermore, 

this study uses more recent data which includes the period of the early 2000s mining boom 

and will reveal whether this boom has had any effect on economic growth in Australia. 
 

Figure 1: Exports by Sector, Australia 
 

 
 

Source: ABS (2013c). 
 

The rest of this paper is structured as follows: Section 2 outlines the model used in 

estimation. Section 3 contains a brief explanation of the data used and methodologies 

employed. Results from the empirical analysis are presented in Section 4, and Section 5 

includes the concluding comments. 
 

2. Models 
 

Two different models based on the literature are used in our analysis of the export-growth 

nexus. The first one is derived from a standard Cobb-Douglas (1928) model while the 

second one is based on the model by Feder (1983). Both models consider exports to have a 

positive external effect on production in the non-export sectors. 
 

2.1. Cobb-Douglas 
 

The following equation outlines a standard Cobb-Douglas (1928) production function: 
 

𝑌𝑡 = 𝐴𝑡𝐾𝑡
𝛼𝐿𝑡

𝛽
        (1) 

 

At time t, Yt is the national income or GDP, At is total factor productivity (TFP), Kt is 

capital, and Lt is labour. Based on the literature, trade is assumed to have an efficiency 
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improving effect on production and At may be expressed as a function of trade: 
 

𝐴𝑡 = 𝑓 𝑋𝑡 ,𝑀𝑡         (2) 
 

Substituting At in (1) gives us: 
 

𝑌𝑡 = 𝑋𝑡
𝛾
𝑀𝑡

𝛿𝐾𝑡
𝛼𝐿𝑡

𝛽
        (3) 

 

A linear specification of the production function may be obtained by taking natural 

logarithm of both sides and adding a constant and an error term: 
 

𝑙𝑛 𝑌𝑡 = 𝑐 + 𝛾 𝑙𝑛 𝑋𝑡 + 𝛿 𝑙𝑛𝑀𝑡 + 𝛼 𝑙𝑛𝐾𝑡 + 𝛽 𝑙𝑛 𝐿𝑡 + 휀𝑡    (4) 
 

2.2. Feder 
 

In the Feder (1983) model, there are two sectors in the economy export (X) and non-export 

(N) sectors: 
 

𝑁 𝑡 = 𝐹 𝐾𝑁 𝑡 , 𝐿𝑁 𝑡 ,𝑋 𝑡        (5) 

𝑋 𝑡 = 𝐺 𝐾𝑋 𝑡 , 𝐿𝑋 𝑡         (6) 
 

Here, KN and KX  represent capital stocks in the export and non-export sectors respectively 

while LN and LX denote labour forces in these respective sectors. In this model it is 

assumed that the ratio of marginal factor productivity of export sector to that of non-export 

sectors is equal to 1+δ (>1). The GDP function is denoted by Yt = Nt + Xt. By doing some 

manipulation to equations (5) and (6), the following growth equation incorporating the 

effects of exports is derived to test for ELG: 
 

 

𝑑𝑌

𝑑𝑡

𝑌
= 𝛼 ∙  

𝑑𝐾

𝑑𝑡

𝑌
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𝑑𝑁

𝑑𝑋
 ∙  

𝑑𝑋
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𝑋
∙
𝑋

𝑌
     (7) 

 

Here, (dY/dt)/Y and(dL/dt)/L represent growth rates of GDP (gY) and labour force (gL) 

while (dK/dt)/Y denotes aggregate investment as a share of GDP (iGDP) while 

(dX/dt)/X∙X/Y represents the growth rate of exports multiplied by its share in GDP. In this 

paper, (dX/dt)/X∙X/Y will from hereon be referred to as the weighted growth rate of exports 

orgXXGDP. 
 

3. Data and Methodology 

3.1. Data 
 

Data used in our study is sourced from various publications by catalogue of the Australian 

Bureau of Statistics (ABS).  In the Cobb-Douglas model, Australia’s non-traded GDP, the 

Domestic Final Demand (DFD), represents output (Y) and is taken from National 

Accounts, catalogue no. 5206.0, (ABS, 2013a). We have taken DFD to avoid 
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unnecessarily high correlation between exports and GDP arising due to inclusion of 

exports in the calculation of GDP. Data for exports (X) is obtained from catalogue no. 

5302.0 – Balance of Payments and International Investment Position statistics (ABS, 

2013b). Gross fixed capital is taken as proxy for capital (K) which is available from 

catalogue no. 5206.0 (ABS, 2013a). Lastly, the data for labour force (L) is taken from 

catalogue no. 3101.0 – Australian Demographic Statistics (ABS, 2013d). All variables are 

seasonally adjusted quarterly series and are in chain volume (real) measures except for 

labour force which is a stock variable. The dataset ranges from the June quarter (Q2) of 

1978 to the December quarter (Q4) of 2012 for the Cobb-Douglas model. 
 

In the Feder model, output (Y) is represented by GDP which is taken from National 

Accounts (Catalogue 5206.0). Using exports (X), capital (K), and labour (L) from above 

and GDP as Y, gY, iGDP, gL, and gXXGDP are calculated. Data for the Feder model starts 

from the September quarter (Q3) of 1978 and ends in the December quarter (Q4) of 2012. 
 

3.2. Methodology 

3.2.1. Cobb-Douglas Model 
 

Test of the export-growth nexus is begun by carrying out the Phillips-Perron (1988) unit 

root test on model variables to make sure that they are all integrated of order 1. After 

completing the unit root tests, equation (4) is tested for cointegration using the Johansen 

(1991) test. The Johansen test consists of two types of test statistics: the trace test and 

maximum eigenvalue test, where the inferences are slightly different. The test statistics are 

defined as the following: 
 

𝐽𝑇𝑟𝑎𝑐𝑒 = −𝑇 ln(1 − 𝜆 𝑖)
𝑛
𝑖=𝑟+1       (8) 

𝐽𝐸𝑖𝑔𝑒𝑛𝑣𝑎𝑙𝑢𝑒 = −𝑇 ln(1 − 𝜆 𝑟+1)      (9) 
 

Here λi is the ith largest canonical correlation. The null hypothesis for the trace test is the 

number of cointegration vectors r≤ ?, while the null hypothesis for the eigenvalue test is r 

= ?. In our empirical analysis, we will consider the eigenvalue test since we are interested 

in finding out the exact number of cointegrated equations in our model. On completion of 

the cointegration tests, the Toda-Yamamoto (1995) Granger causality test is applied. The 

procedure involves, first, selection of lag length (k) of the VAR system and ascertaining 

the maximum order of integration of the variables (dmax) in the system. The VAR Granger 

causality/block exogeneity Wald test is then carried out on k coefficient matrices while the 

dmax lagged vectors are excluded. The null hypothesis of the augmented Granger causality 

test is of no causality from independent variable (X) to dependent variable (Y) – H0 = δ = γ 

= 0∀i. The Wald test statistic, according to Toda and Yamamoto (1995), has a standard 

asymptotic chi-square distribution with the usual degrees of freedom. 
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3.2.2. Feder Model 
 

The variables in the Feder model are all in first differences and expected to be stationary 

in their level form. If the Phillips-Perron unit root tests find all the variables to be 

stationary in level form, the ordinary least squares (OLS) procedure may be used for 

estimating equation (7). 
 

4. Empirical Analysis 

4.1. Cobb-Douglas Model 
 

The Cobb-Douglas variables in equation (4) are tested for unit root using the Phillips-

Perron tests and found to be integrated of order 1 (Table A1, Appendix). Equation (4)is 

then tested for cointegration using the Johansen test. In Table 1, it can be seen that the 

maximum eigenvalue statistic indicates that there is at most three cointegrated equations in 

the Cobb-Douglas model. The Johansen test is reliable as it is found to pass the diagnostic 

tests for serial correlation and heteroscedasticity (Table A3, Appendix). 
 

Table 1: Johansen Cointegration Test, Q2:1978-Q4:2012 
 

Hypothesised no. of 

cointegrating equations. 

Max-Eigen 

statistic 
p-value 

No. of cointegrating 

equations 

None 56.18** 0.00 

3 

At most 1 37.10** 0.00 

At most 2 27.39** 0.01 

At most 3 10.67 0.17 

At most 4 0.11 0.73 
 

Note: ** =Reject null hypothesis at 5% level of significance. 
 

The Toda-Yamamoto Granger causality tests are then carried out on equation (4) and the 

results are given in Table 2. Causality is seen to run from exports (X) to domestic final 

demand (Y). However, imports (M) are also seen to Granger cause Y and vice-versa and 

there is no causality running towards Y. Moreover, there is also no causality running 

towards exports (X), capital (K) or labour (L). The one-way causation from X to Y proves 

that there is a positive unilateral export-growth nexus in Australia. Furthermore, 

confirmation of an import-growth nexus is also found in this analysis. 
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Table 2: Granger Causality Tests, Q2:1978-Q4:2012 
 

Dependent variable ∆ ln Y ∆ ln X ∆ ln M ∆ lnK ∆ lnL Causality direction 

∆ ln Y - 10.76** 10.13** 6.12 6.01 X, MY 

∆ ln X 4.65 - 6.47 0.79 3.29 No causality 

∆ ln M 13.02** 5.90 - 5.12 2.14 YM 

∆ ln K 7.76 6.86 3.18 - 3.22 No causality 

∆ ln L 1.73 7.76 4.75 3.87 - No causality 
 

Note: Variable jointly significant at: * = 10% level, ** = 5% level, and *** = 1% level of 

significance. 
 

4.2. Feder Model 
 

The Phillips-Perron unit root tests show that the Feder variables in equation (7) are all 

stationary at level or integrated of order 0 (Table A2, Appendix). Hence, equations (7) and 

(8) are estimated using ordinary least squares OLS and the results are shown in Table 3. 

We can see that the weighted growth rate of exports, gXXGDP, has a statistically 

significant and positive coefficient. This shows that exports growth positively impact upon 

GDP growth, thus, supporting the presence of a positive export-growth nexus in Australia. 

The weighted growth rate of exports is seen to augment GDP growth rate by some 0.32 

percentage points. The Feder results, thus, also resemble the findings from the Cobb-

Douglas model. In addition, iGDP has positive and significant coefficients while the 

coefficient of gL is negative and insignificant in the Feder model. The estimated Feder 

results are reliable as they are shown to be free from serial correlation and 

heteroscedasticity (Table A3, Appendix). 
 

Table 3: Feder Model Estimations, Q3:1978-Q4:2012 
 

Variable 
Coefficient 

gY 

iGDP 0.66*** 

gL –0.07 

gXXGDP 0.32*** 

Intercept 0.60*** 

Adjusted R
2
 0.28 

 

Note: *, ** and *** represent significance at 1%, 5%, and 10% levels of significance respectively. 

 

5. Concluding Comments 
 

The empirical literature testing the export-growth nexus in Australia is conflicted as 

findings in different studies contradict each other. The differences in estimated results 

arise due to differences in model specification, econometric methods, and sampling 
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timeframe. To overcome these shortcomings, this study uses two distinct theoretical 

models – Cobb-Douglas and Feder–to assess whether or not Australia enjoys a positive 

export-growth nexus. The Johansen cointegration test finds the Cobb-Douglas model to be 

cointegrated. The Toda-Yamamoto Granger causality tests show that causality runs one-

way from exports to non-traded GDP. In addition, causality is seen to run from imports to 

non-traded GDP. Results from the Feder model estimated in OLS complement those from 

the Cobb-Douglas model as export growth is seen to positively influence GDP growth. 

These results are found to be diagnostically reliable and robust. Consequently, findings 

from both the Cobb-Douglas and Feder models confirm a positive export-growth nexus in 

Australia. The presence of a positive export-growth nexus may be attributed to the 2000s 

boom in resources exports. Proof of the export-growth nexus in Australia provides a basis 

for the continuation of the promotion of exports as a source of growth in Australia. 

 

References 

ABS, 2013a, Australian National Accounts: National Income, Expenditure and Product, 

ABS Cat. no. 5206.0. Australian Bureau of Statistics, Canberra, June 2013. 
 

ABS, 2013b, Balance of Payments and International Investment Position, Australia, ABS 

Cat.no. 5302.0. Australian Bureau of Statistics, Canberra, June 2013. 
 

ABS, 2013c, International Trade in Goods and Services, Australia, ABS Cat.No. 5368.0. 

Australian Bureau of Statistics, Canberra, June 2013. 
 

ABS, 2013b, Australian Demographic Statistics, ABS Cat.no. 3101.0. Australian Bureau 

of Statistics, Canberra, June 2013. 
 

Bodman, P. M., 1996, On Export-Led Growth in Australia and Canada: Cointegration, 

Causality and Structural Stability, Australian Economic Papers, 35(67), 282-300. 
 

Cobb, C. W., and Douglas, P. H., 1928, A Theory of Production, American Economic 

Review, 18, 139-165. 
 

Cuaresma, J. C., and Wörz, J., 2005, On Export Composition and Growth, Review of 

World Economics, 141(1): 33-49. 
 

Feder, G., 1983, On exports and economic growth, Journal of Development Economics, 

12 (1-2), 59-73.  
 

Johansen, S., 1991, Estimation and Hypothesis Testing of Cointegration Vectors in 

Gaussian Vector Autoregressive Models, Econometrica, 59 (6), 1551-1580. 
 

Lowe, P., 2012, Developments in the Mining and Non-mining Economies, Paper 

presented at the ADC Future Summit, Reserve Bank of Australia, Melbourne, 14 May 



The Empirical Economics Letters, 14(4): (April 2015)                                   435 

2012. 
 

Moosa, I. A., 1999, Is the export-led growth hypothesis valid for Australia?, Applied 

Economics, 31(7), 903-906. 
 

Paul, S., and Chowdhury, K., 1995, Export-led growth hypothesis: some empirical testing, 

Applied Economics Letters, 2(6), 177-179. 
 

Phillips, P. C. B., and Perron, P., 1988, Testing for a unit root in time series regression, 

Biometrika, 75 (2), 335-346. 
 

Shan, J., and Sun, F., 1997, Export-led growth hypothesis for Australia: an empirical 

reinvestigation, Applied Economics Letters, 5(7), 423-428. 
 

Toda, H. Y., and Yamamoto, T., 1995, Statistical inference in vector autoregressions with 

possibly integrated processes, Journal of Econometrics, 66(1-2), 225-250. 

 

Appendix 

 

Table A1: Unit Root Tests – Cobb-Douglas Variables 
 

Variable 
Test statistic 

Variable 
Test statistic 

Level  Level 1
st
difference 

ln NY 0.49 –7.29*** ln K 0.51 –7.90*** 

ln X –0.67 –11.63*** ln L 0.42 –7.52** 

ln M –0.41 –7.69***    
 

Note: H0: Series has a unit root. Reject H0 * = at 10%, ** = at 5%, *** = at 1% level of significance. 
 

Table A2: Unit Root Tests – Feder Variables 
 

Variable Test statistic Variable Test statistic 

gY –10.39*** gL –9.13*** 

iGDP –10.01*** gXXGDP –13.51*** 
Note: H0: Series has a unit root. Reject H0 * = at 10%, ** = at 5%, *** = at 1% level of significance. 

 

Table A3: Diagnostics Tests – Cobb-Douglas and Feder Equations 
 

Test 
Model 

Cobb Douglas (equation 4) Feder (equation 7) 

Serial Correlation 22.60 

(0.60) 

1.79 

(0.17) 

Heteroscedasticity 1192.00 

(0.56) 

0.24 

(0.87) 
 

Note: Serial Correlation=H0: No Serial correlation, Heteroscedasticity=H0: Model exhibits 

homoscedasticity. 


