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Abstract 
 

This thesis assesses the impact of Australia’s real exchange rate on six consumer import 

categories: clothing, electrical devices, food, leisure goods, transport and a miscellaneous 

category that captures all imported consumables that do not fit into the aforementioned five 

categories. By conducting this analysis, the thesis aims to answer the following two research 

questions: 

1. Is the growth in consumer imports within Australia purely a result of perceived price 

differences as reflected by the real exchange rate, or do other aspects such as product 

differentiation and the overall wellbeing of the Australian economy play a more 

prominent role? 

2. Will a change in the real exchange rate produce a uniform impact on different types of 

consumer goods? 

 

The results from this thesis suggests that movements in the real exchange rate possess a 

significant, although not uniform, impact on all import categories in the short run. 

Furthermore, there appears to be substantial evidence to suggest that short run elasticities of 

imported consumables with respect to the real exchange rate are governed by a wealth effect, 

whereby the impact of the real exchange rate on a specific consumer import increases with 

the costs of obtaining the good.  In contrast, the real exchange rate does not possess a long 

run relationship in levels for all import categories. However, the elasticities with regards to 

the real exchange rate is smaller than that of aggregate economic activity, thus suggesting 

that factors other than perceived price differentials between local and foreign suppliers may 

also be contributing towards the prominent growth in imported consumer goods. 
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1. Introduction 
 

 Imported consumer goods represent an increasingly important component of the 

Australian economy. Data from the Australian Bureau of Statistics (ABS) indicates that the 

ratio of aggregate imported consumables to overall household consumption expenditure had 

more than doubled between June 1983 and December 2010, growing from a share of 4.1 

percent to 8.7 percent during that period
1
.  The growth in market share for imported 

consumables is likely to continue into the future due to the growing popularity of online 

shopping and subsequent contraction of the Australian retail industry. For example, the 

March 2012 Statement of Monetary policy released by the Reserve Bank of Australia 

indicated that the value of goods purchased by Australians from overseas vendors increased 

by approximately six percent between November 2010 and November 2011, despite the 

generally negative outlook on consumer spending during that period. Furthermore, recent 

reports suggest that the GST free threshold on imported goods may be reduced in the near 

future as a means of raising additional tax revenues for the government and simplifying the 

tax collection system (Nicholls, 2012; Bita, 2012).  

 

 Given the influence of imported consumer goods on the current and future direction 

of the Australian economy, it is important to understand the dynamics driving the growth in 

market share for imported consumables. Thus two important questions should be considered. 

Firstly, is this growth purely a result of perceived price differences between domestic goods 

and their foreign counterparts as reflected by the real exchange rate, or do other aspects such 

as product differentiation and the overall wellbeing of the Australian economy play a more 

prominent role? Secondly, if there is an economically significant relationship between the 

                                                 
1 Aggregate consumer imports are sourced from the ABS Catalogue No. 5302, while household consumption 
expenditure is sourced from ABS Catalogue No. 5206. Original prices of both variables are used to calculate the 
aggregate imported consumables to overall household consumption expenditure ratio. 
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real exchange rate and consumer import demand, will a change in the real exchange rate 

possess a uniform impact on different types of consumer goods? 

 

 The literature contains numerous studies that detail how a change in the real exchange 

rate, or other similar measures of price differentials between countries, impacts import 

demand and other facets of Australia's current account (see Gregory & Martin, 1976; 

Athukorala & Menon, 1988; Kumar & Ironmonger, 1970).  However, the vast majority of 

these papers focused exclusively on aggregate imports. Given that the ABS' Balance of 

Payments data suggests that imported consumables only accounts for  approximately a 

quarter of aggregate imports, there is a high possibility that most papers on this subject could 

have misrepresented the impact of the exchange rate on imported consumer goods. 

Furthermore, Dwyer & Kent (1993) provide support for a disaggregated approach towards 

import modelling through their findings that consumption goods, intermediate goods and 

capital goods should be modelled separately. Taking this result a step further, it then appears 

highly probable that regressions on different categories of imported consumer goods will 

provide new information on the dynamics driving consumer import demand. 

 

 An additional factor to consider regarding the literature is that the vast majority of 

Australian studies were based on data pre-1990, and covers periods when the Australian 

economy was subject to greater regulation and protection levels than it is today. For example, 

Bullock, Grenville & Heenan (1993) utilised an error correction model to account for the 

presence of cointegration within their dataset. However this dataset consisted of information 

between 1980 and 1990, a period when the Australian economy was readjusting to wide-scale 

deregulation of markets such as the floating of the Australian dollar in 1983. Thus this paper 
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may not be entirely applicable within the current context, where deregulated markets are now 

the norm. This also applies to Wilkinson (1993), which utilised a dataset from 1974 to 1989. 

 

 The aforementioned gaps within the literature provide a key motivation for this study. 

Firstly, this thesis provides an assessment of Australian import data sourced exclusively after 

the floating of the Australian dollar in September 1983 in order to determine whether the 

dynamics of import demand have changed considerably over the last two decades.  We find 

that several import categories possess a deterministic trend rather than a random walk with 

drift as argued by previous papers within the literature. This could potentially suggest a 

significant shift in the dynamics driving import demand over the last two decades, where 

Australia's increased integration into the global economy over this period has resulted in its 

trade flows becoming much more predictable. 

 

  In order to account for a mix of stationary and non-stationary import categories, we 

then employ the ARDL bounds test developed in Pesaran, Shin & Smith (2001) to seven 

different categories of imported consumables in order to answer the twin questions of 

whether a change in the real exchange rate will affect the demand for imported consumer 

goods within Australia and if so, whether this effect will be uniform across different types of 

consumer goods. Results from the bounds test suggests that movements in the real exchange 

rate possess a significant, although not uniform, impact on all import categories in the short 

run. Furthermore, there appears to be significant evidence to suggest that the impact of the 

real exchange rate on a specific imported consumer good is governed by a wealth effect as 

the influence of the real exchange rate increases with the costs required to obtain that good.  

In contrast, the real exchange rate does not possess a long run relationship in levels for all 

import categories. Further robustness checks confirm these results. 
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2. Literature Review 
 

Import-modelling is a topic that has been extensively covered within the economic literature. 

This chapter will provide a brief overview of the various techniques and models utilised by 

researchers, as well as the main findings from the empirical applications of these studies. In 

order to achieve these objectives, the chapter is split into three main sections. The first 

section details the theoretical framework utilised by previous papers on import modelling. In 

particular, this section will highlight the weaknesses inherent within the static log-linear 

models traditionally used to model imports, while also describing alternative techniques and 

models from more recent import related papers. The second section describes the major 

results of papers that have utilised the latest theoretical models and empirical techniques 

within the literature. The final section of this chapter covers results from Australian specific 

papers. As the majority of papers on Australian imports were written in the early 1990's, the 

inclusion of an Australia-specific section aims to detail the areas of Australian import 

modelling that need to be updated in order to accurately reflect current movements in the 

values of imported consumables.  

 

 

2.1 A Theoretical Background of Import Modelling 

A common way to model imports is as a log-linear function of some measure of 

aggregate economic activity and of the relative price of imports. A generic form of this 

equation is provided below (Asseery & Peel, 1989): 

                                              (  )          (  )       (
   

   
)                                     ( ) 

Where M represents real imports,    is real income,     is the price of domestic goods,     

is the price of imports and   represents an error term. It is expected that the parameters for    

and    would be positive and significant in this model. 
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Despite its popularity within the literature, there are several flaws inherent within this 

type of model. Firstly, the traditional import model listed above may be considered to be 

static in nature despite significant evidence within the literature that advocate a dynamic 

approach towards import modelling. For example, Thursby & Thursby (1984) compared nine 

different static and dynamic import demand models against data on 5 different countries. 

These comparisons not only suggested that dynamics models were a better fit to the data than 

static models, but also that the models that performed best included lags on both the 

dependent and independent variables.  Secondly, as emphasised in Asseery & Peel (1989), if 

the variables within the import equation are non-stationary and integrated of order one or 

higher, it is possible that the estimates obtained from the traditional import demand model 

will contain significant bias due to its failure to account for the presence of cointegration and 

unit roots within the data. As a result, the possibility of a spurious regression will be highly 

probable. 

 

The first issue has typically been addressed within the literature through the use of 

models that account for the presence of serial correlation in the data. Researchers have 

typically applied one of 2 main methods to account for these dynamics. The first method 

involves an atheoretical approach towards import modelling by including enough lags to the 

general framework provided in equation (1) in order to account for the impact of serial 

correlation in the error term. In this scenario, lag lengths are often selected based on output 

from a model selection criterion
2
. The second method of accounting for dynamics is to 

formally derive an import function from a dynamic optimization problem. Amano et al. 

(1998) obtained estimates of the intratemporal elasticity of substitution within the U.S. import 

                                                 
2 See Narayan & Narayan(2005) for an application of this approach. 
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demand by solving the expected lifetime utility function of a representative domestic 

consumer within a two good permanent income model. They then utilised the intratemporal 

measure to acquire the intertemporal elasticity of substitution via a dynamic Euler equation 

and Hansen's (1982) generalised methods of moments. Their final equation is provided 

below: 

                   [ (      ) (
    

  
)
  

(
     

    (   )    
   

   
     

   
)

(   ) (   )

]                ( ) 

Here   is the household discount factor,      is the interest rate at time t,    is domestic 

consumption at time t,    is consumption of foreign produced goods at time t,   is the inverse 

of the intratemporal elasticity of substitution between domestic and foreign goods 

consumption,   is the inverse of the intertemporal elasticity of substitution and   is the share 

of domestic goods consumed by the representative agent. 

  

Nishiyama (2005) also utilised the expected lifetime utility function of a 

representative consumer within a two good permanent income model to develop the concept 

of a "Cross Euler equation". This equation, which within the context of the paper represented 

the amount of a domestic (imported) good required to compensate the representative 

consumer for a loss of an imported (domestic) good in another time period, was then 

employed to derive the intertemporal elasticity of substitution for import demand.  

 

With regards to the second issue, the literature proposes numerous techniques that 

may be utilised to account for the effects of cointegration and non-stationarity within import 

and other macroecnomic data. Papers such as Phillips & Hansen (1990) and Stock & Watson 

(1993) utilised dynamic ordinary least squares to account for the aforementioned 

characteristics within their dataset. This technique accounts for the presence of cointegration 
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through its inclusion of differences in the cointegrated variables in the regression model 

(Stock & Watson, 2007). Alternatively, papers such as Dwyer & Kent (1994) and Banerjee et 

al. (1998) utilised an error correction approach within their analysis. This technique accounts 

for co integrative properties through its inclusion of a term that measures the lagged 

difference between the realised and expected values for the dependent variable from previous 

periods within a regression framework (Davidson & Mckinnon, 2009). 

 

Recent studies have utilised the bounds test procedure (see Pesharan & Shin, 1995, 

for further details) to account for non-stationarity and cointegration within their datasets. This 

technique  involves the use of a modified F test or T test  within an autoregressive distributed 

lag (ARDL) framework in order to establish whether a long run relationship exists between 

the dependent variable and its regressors (Narayan & Narayan, 2010). There are 3 main 

advantages of applying this technique to time series data. Firstly, the bounds test procedure 

yields consistent estimates of long run relations regardless of whether the underlying 

regressors are I(1), I(0) or mutually cointegrated. Secondly, the bounds test procedure 

provides the ARDL model with better statistical qualities as it does not push the short run 

dynamics into the residual term as would otherwise happen with the Engel-Granger technique 

(Tang, 2005). Finally, the bounds test procedure is considered highly robust for the purpose 

of cointegration analysis within small sample data (Tang, 2003).  Despite the many benefits 

associated with the bounds test procedure, this technique has yet to be applied within the 

context of Australian imports. 

 

2.2 Results from Non-Australian Studies 

As discussed earlier a large percentage of papers that attempted to explore the 

relationship between exchange rates/ price differentials and import volumes have suffered 
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from their inability to account for non -stationarity and cointegrative properties inherent 

within import data. Dudley (1983) derived a stochastic model of import demand and tested 

the suitability of this model against bilateral trade flow data between the United States, 

Germany, Japan and Canada. Dudley's model ultimately determined that changes in 

expectations regarding exchange rates had a significant effect on imports. Furthermore, the 

paper found that the demand for imports was more sensitive to large changes in the exchange 

rate. However, one drawback of this paper was its inability to account for unit root and 

cointegrative properties within its data. As emphasised in Narayan & Narayan (2005), this 

could potentially lead to the development of spurious results where the relationship between 

imports and exchange rates were incorrectly inferred due to stochastic trends within both 

variables.   

 

However it should be noted that the vast majority of recent studies have explicitly 

accounted for non-stationarity and cointegration within their datasets in order to avoid the 

possibility of a spurious regression. Sooreea & Wheeler (2010) utilised impulse response 

functions derived from semi-structural vector error correction models in order to identify the 

determinates of the US current account deficit. The decision to utilise a vector error 

correction model instead of a standard VAR allowed the authors to account for the presence 

of non-stationarity and cointegration within the data. After decomposing the trade balance 

into its import and export components, Soreea and Wheeler were able to determine that a 

depreciation in the real U.S. exchange rate resulted in an improvement in the trade balance. 

This would then suggest that the real exchange rate may have a significant impact on imports 

within the United States. However, it was also shown that the impact of the depreciation in 

the real exchange rate was short term in nature as its impact on the trade balance lasted less 

than 8 periods. 
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In a recent study, Narayan & Narayan (2010) attempted to determine the long run 

determinants of import demand in South Africa and Maurtitus via the bounds test procedure. 

The decision to utilise the bounds test enabled Narayan & Narayan (2010) to account for the 

“small sample” characteristics of import data relating to the two nations.  Narayan & Narayan 

found evidence to suggest that import demand possessed a long run cointegrating relationship 

with the consumer price index and the import price index for both countries. However, the 

long run elasticities with respect to both the consumer price index and the import price index 

were significantly lower than the impact of domestic income on import demand within both 

economies. 

 

While most papers seem to suggest that exchange rates/price differential have a 

statically meaningful impact on import volumes, there also exists significant evidence to the 

contrary. For example, a calibration exercise performed by Backus & Smith (1993) found 

insufficient evidence to determine a causal relationship between bilateral exchange rates and 

consumption ratios in a study of eight OECD countries. Furthermore, they attributed the 

perceived relationship between exchange rates and consumption within previous papers to a 

failure to account for a host of other factors such as incomplete markets and endowment 

shocks. The findings of this paper could then suggest that a potential inability of previous 

papers to account for all factors that affect import demand may result in the occurrence of 

inaccurate results due to omitted variable bias. 

 

2.3 Results from Australian Studies 

A large number of papers that have attempted to model imports within an Australian 

context were written during the 1970s and 1980s (Gregory & Martin, 1976; Athukorala & 
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Menon, 1988; Kumar & Ironmonger,1970). The overwhelming consensus amongst these 

papers is that price differentials between Australia and foreign countries, arguably the most 

important determinant of exchange rates, possess a significant impact on the volume of 

imports. However, these papers utilised static, log linear models or failed to account for the 

non-stationary and co-integrative properties of import data. As explained earlier, modelling 

imports in this manner has significant flaws. Furthermore, it should also be noted that the 

datasets utilised within these studies primarily consisted of information that was sourced 

before the floating of the Australian dollar in December, 1983. As a result, the conclusions 

obtained from these studies may not be applicable in the current context where Australia's 

exchange rates, along with other markets such as the financial system, are no longer 

regulated.  

 

  A more recent study by Wilkinson (1993) modelled import demand between 

September 1974 to September 1989 using an error correction model and the Johansen and 

Juselius(1990) test to account for the unit root and cointegrative properties of Australian 

macroeconomic data. Wilkinson ultimately found overwhelming evidence to suggest that 

relative prices not only had an impact on the demand for imports, but that its effect was 

greater than domestic activity as measured by GDP. In extensions to Wilkinson's paper, 

Bullock et al. (1993) and Dwyer & Kent (1993) attempted to account for structural changes 

arising from the decrease in protection during that period. Both Bullock et al. (1993) and 

Dwyer & Kent (1993) found strong evidence to suggest that differences in relative prices 

between Australia and its trading partners was a key component in explaining movements in 

import volumes. These results suggest that the notion of price differentials having a 

significant impact on import volumes is consistent with both static and dynamic models.  
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However, it should also be noted that the real exchange rate encompasses more than 

just price differentials across countries. The most common expression for the real exchange 

rate within the literature expresses this variable as a multiple of the nominal exchange rate 

and the price differentials across a foreign and domestic country as expressed via the 

following equation (Ellis, 1991): 

                                       
             

            
 

This formula would then suggest that an attempt to measure the impact of the real exchange 

rate on import volumes must also take into account the effects of the nominal exchange rate, 

which may be interpreted as the amount of foreign currency in existence relative to the 

amount of domestic currency in existence, on top of the effects of price differentials. 

Furthermore, Lowe (1991) builds on the aforementioned framework to include the effects of 

the price ratio between non-tradeable goods and tradeable goods, while another study by 

Dwyer & Lowe (1991) suggests that changes in the terms of trade and sectoral differences in 

productivity growth between Australia and its trading partners will also factor into measures 

of the real exchange rate. Thus it may not be optimal to infer the full relationship between 

Australia’s real exchange rate and its import volumes using price differentials alone. While a 

previous study by Debelle & Faruqee (1996) established the notion that the exchange rate had 

a "j-curve" impact on imports, it should be noted that this paper utilised panel data that 

included 20 other industrial countries in addition to Australia. As a result, the findings 

obtained from this paper may be somewhat distorted by the other nations and thus may not 

reflect the true relationship between imports and the exchange rate within an Australian 

context. 

 

Another major factor to consider is an absence of papers dealing specifically with 

consumer imports. Previous literature on the subject had either approached the topic of 
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import modelling through the use of purely aggregate data or disaggregated overall imports 

only to the extent that consumer imports remained within an aggregate format. This is 

particularly surprising as numerous papers, such as Dwyer & Kent (1993), have supported a 

disaggregated approach towards import modelling through their findings that consumption 

goods, intermediate goods and capital goods should all be modelled separately. Furthermore, 

by building on this feature, it is highly probable that the different categories of consumer 

imports will yield different regression equations. This concept of a non-uniform impact of the 

real exchange rate on different types of consumer imports is supported by overseas papers 

such as Bergin (2004). Thus it is highly likely that a research paper specifically focusing not 

only on consumable imports, but also the different categories of imported consumer goods, 

will facilitate a deeper understanding of Australia's balance of trade. 
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3. Theoretical Model 
 

This thesis utilises the following expression as a blueprint for the regressions to be presented 

in later chapters: 

                                                                        (      )                                                             ( )   

Here consumer import demand (m) is expressed as a function of time (t), domestically 

produced consumption goods (d) and the real exchange rate (fx). 

 

The purpose of this chapter is to develop a theoretical model which justifies the inclusion of 

each independent variable listed in the expression above. In order to achieve this objective, I 

will utilise dynamic optimization techniques, specifically a cross Euler equation, in order to 

capture the intratemporal and intertemporal dynamics of consumer import demand. Given the 

empirical focus of this thesis, the model’s ability to justify the inclusion of each independent 

variable and its good fit to the dataset ensures its adequacy for the purpose of this thesis. 

Nonetheless, it should still be noted that the model possesses a few weaknesses from a purely 

theoretical perspective. A concise description of the limitations associated with this model 

will be presented in Chapter 7. 

 

3.1 The Mathematical Setup for The Model 

I begin with the standard two-goods version of the life cycle / permanent income 

model utilised in Clarida (1994), Amano and Wirjanto (1996), Xu (2002) and Nishiyama 

(2005). A representative agent selects {          } in order to maximize his expected 

lifetime utility subject to his lifetime budget constraint.  The dynamic optimization problem 

can then be written as follows: 
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                                                                       ∑    (         )

 

   

                                                ( ) 

                (    )(      
  

   
     )   

Where    is the household discount factor,    stands for the domestic goods consumed in 

period t,    stands for the imported goods consumed in period t,     is the real exchange 

rate,     being the assets held by the agent at the end of period t and      stands for the output 

produced in period t. 

 

However, as shown in Nishiyama (2005), it is plausible to interpret the representative 

agent's optimization problem as occurring over an infinite time horizon. This allows us to 

express the dynamic optimization problem through the following Bellman equation: 

                                                      (  )     
    

{ (     )     (    )}                                    ( ) 

                (    )(      
  

   
     ) 

The first order conditions for the optimization problem can then be interpreted as below: 

                                                     (     )    
(    )

   
   (    )                                             ( ) 

                                                     (     )    (    )  
 (    )                                              ( ) 

 

Nishiyama then implemented the envelope theorem on the aforementioned Bellman equation 

in order to obtain the following relationship between current and future shadow prices of 

wealth: 

                                                     (  )    (    )  
 (    )                                                  ( ) 

 

 



22 

 

Utilising equation (8), the first order conditions for    and    can be rearranged as follows: 

                                                (         )  
  (    )

     
                                        ( ) 

                                                 (         )    (    )                                        (  ) 

 

Substituting  (6) into (10) will then yield the following cross Euler equation: 

                {  
  (         )

  (     )
 
(    )

   
 
  (         )

  (         )
}            (  ) 

Similarly, another type of cross-Euler equation might be obtained by Substituting (7) into (9): 

                        {  
  (         )

  (     )
 (    )       

  (         )

  (         )
}                (  )             

 

The cross Euler equation defined in (12) shows the optimal increase (decrease) in 

domestic consumer goods required to keep the representative agent's utility constant in 

response to a marginal decrease (increase) in imported consumables, ceteris peribus. This 

equation contains two main elements. The first element, which I will define as 
  (         )

  (     )
 , 

shows the representative agent's tradeoff between current consumption and future 

consumption and therefore embodies the agent's intertemporal rate of substitution. The 

second element of this equation, which I shall define as 
  (         )

  (         )
, shows the 

representative agent's trade-off between imports and domestically produced good and thus 

may be interpreted as the agent's marginal rate of substitution between    and   (Nishiyama, 

2005).  By accounting for both the intertemporal and intratemporal effects of import demand, 

the cross Euler equation should be able to generate similar parameter estimates as solving 

individual intratemporal and Euler equations simultaneously.  
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3.2 Applying Formal Definitions to the Cross Euler Equation    

I will now assume that  (     ) follows an addilog utility function as per 

Houtthakker(1960): 

                                                 (     )  
     

   

   
 

     
   

   
                                       (  ) 

 

Where   and   can be interpreted as the inverse of the intertemporal elasticity of substitution 

of imported and domestically produced goods. Following Xu (2002)
3
, I will allow    and    , 

to be random, trend stationary shocks to the consumption of both domestically produced and 

imported consumer goods. The relationships regarding these parameters are expressed below: 

                                                                                                                                              (  ) 

                                                                                                                                             (  ) 

 

I will also assume that the exchange rate follows an autoregressive process as per below: 

                                                           (   )  ̅̅ ̅̅                                                     (  ) 

Here   ̅̅ ̅̅  is a constant representing the steady state value of the real exchange rate. It should 

also be noted that    ̅̅ ̅̅  can take on any positive value without any loss of generality. 

 

Therefore equation (12) can now be written as: 

  {  (    )      

    (    )
  

    
  }    

                     (    )   {     }   {    }  
      {(    )

 }                                

                (    ) {(   )  ̅̅ ̅̅      }   {    }  
      {(    )

 }                            

           (    ) (   )  ̅̅ ̅̅  {  
    

(   )  ̅̅ ̅̅
}    {    }  

      {(    )
 }            (  ) 

                                                 
3 Other papers to utilise a trend-stationary shock to preferences include Clarida (1994) & Senhadji( 1998) 
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Taking logarithms of both sides of equation (17)  and applying the expression where     (  

      

(   )  ̅̅ ̅̅
)     (

      

(   )  ̅̅ ̅̅
) yields the following result: 

 

                      {    }     ( )     (   )     (    )  (  )                       (  ) 

where   [                   ( )] and   [     ].  

 

However, it should be noted that   must be equal to the inverse of (    ) in the 

steady state.  If   exceeds the inverse of (    ), there would be an absence of savings 

within the economy as the costs of delaying consumption to future periods exceeds its 

benefits. Similarly, if the inverse of (    )  exceeds  , households will not consume more 

than the minimum amount of consumption required to survive as the returns from delaying 

consumption to future periods outweigh its costs. As a result, the economy would only 

contain autonomous consumption. As it is expected that households will save some of their 

income, yet consume at a level beyond autonomous consumption, the only possibility 

available is for   to equal to the inverse of (    ). Thus the steady state demand for 

imported consumer goods may be expressed through the following equation: 

 

                                                ( )  (  )       (  )                                                 (  )  

Where    is defined as a stationary error term. 

 

The steady state equation in (19) suggests that import demand is solely a function of time, 

exchange rates and domestic consumption in the long term. This equation contains some 

notable differences to the traditional import demand model expressed in the literature review. 
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Firstly, the import demand equation derived from this paper suggests that the expected value 

for imports will change linearly over time, ceteris peribus. Secondly, my model utilises 

domestic consumption as an expression of the overall level of economic activity within the 

economy instead of GDP.  

 

It should also be noted that the consumption of domestically produced goods is assumed to be 

exogenous to the demand of imported consumer goods within this model. The independence 

of domestic consumption from import demand is supported by Betts & Devereux (1996), 

where it was proven that a significant depreciation in the currency will not reallocate 

spending away from domestic goods to foreign goods. 
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4. Data 
 

This chapter provides an analysis of the dataset associated with this thesis. The chapter will 

be divided as follows. Section 1 provides a brief overview of the data and where each 

variable has been sourced. Section 2 graphs the data and conducts structural break tests on 

each import category. Finally, Section 3 concludes this chapter with an analysis of the unit 

root properties of each variable in the dataset through the use of individual time series and 

panel based unit root tests.  

 

4.1 Description of the Data 

The dataset utilised in this thesis consists of quarterly observations from September 

1985 to December 2011. September 1985 was chosen as the earliest point for this dataset as it 

marks the first instance when the Australian Bureau of Statistics records disaggregated, 

seasonally adjusted, chain volume data on imported consumer goods. This sample period 

provides the additional benefit of being solely comprised of post-deregulation data. All data 

is transformed by taking logarithms. 

 

The data on consumer imports was sourced from the debits component of the 

Australian Bureau of Statistics 's quarterly balance of payment report (catalogue no. 5302). 

Consumer imports are split into 7 distinct categories in order to measure the impact of the 

real exchange rates on different consumer goods. The categories are listed as follows: food & 

beverages, household electrical items, transport, clothing, leisure and a miscellaneous 

category that encompasses all consumer imports that do not fall within the aforementioned 

categories. A more detailed description of the types of consumer goods allocated to each 

import category is provided in Appendix A. The categorization of import data in this manner 
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reflects the way that the Australian Bureau of Statistics records consumer imports within the 

Balance of Payments report. 

 

The measure of the real exchange rate is the real trade weighted index provided by the 

Reserve Bank of Australia on a monthly basis
4
. For the purpose of this thesis, values of the 

real trade weighted index are taken at the end of each quarter in order to ensure a quarterly 

frequency that is in line with the rest of the dataset. The trade weighted index utilises March 

1995 as its base year in the sense that the real trade weighted index in March 1995 is set to 

100.    

 

Values for domestic consumption were created by subtracting aggregate consumer 

imports from final consumption expenditure. The following definition was based on the 

concept that household consumption expenditure is equal to the sum of domestic 

consumption and imports of consumer goods. Data on final consumption expenditure are 

sourced from the Australian Bureau of Statistics (catalogue no. 5206).  

 

4.2 Characteristics of the Data 

Graphs of each consumer import category, the real exchange rate and domestically 

produced consumption appear in Figure 1. Based on these graphs, it is apparent that all 

import categories are subject to a deterministic time trend across the sample period. The 

"smoothness" of the graphs within the import categories is indicative of an absence of 

structural breaks within these datasets. As observed in Table 1, Quandt-Andrews tests on 

first-differenced import values do not yield sufficient evidence to reject the hypothesis of no 

breakpoints for all of the import categories. This result suggests that various high profile 

                                                 
4< http://www.rba.gov.au/statistics/tables/index.html>: spread sheet F15 
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events that occurred within the sample period, such as the introduction of the goods and 

services tax or the shift towards Chinese products within Australia's consumer import 

composition, did not have a meaningful impact on import consumption decisions within 

Australia. 

 

Figure 1: Graphs of logged values for each variable 
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Table 1: Quandt-Andrews Breakpoint Test Results On De-Trended Import Data

1
 

Variable  Max Wald 

F-Stat 

10% Critical 

Value 
2 

5% Critical 

Value 
2 

1% Critical 

Value 
2 

Aggregate  1.54 7.12 8.68 12.16 

Cloth  1.27 7.12 8.68 12.16 

Electric  2.98 7.12 8.68 12.16 

Food  0.62 7.12 8.68 12.16 

Leisure  1.34 7.12 8.68 12.16 

Transport  1.10 7.12 8.68 12.16 

Misc  1.25 7.12 8.68 12.16 
1De-trending of data was achieved through first differencing each import category. Maximum Wald F-statistics 

were then calculated by regressing on a constant and calculating its associated F-statistic 
2 Critical values sourced from Stock & Watson (2007) 

 

 

4.3 Unit Root & Stationarity Tests 

Individual unit root tests for the variables are presented below in Table 2.  This paper 

employs the augmented Dickey Fuller (ADF) test and the Kwiatkowski-Phillips-Schmidt-

Shin (KPSS) test to determine the presence of unit roots within the variables. The ADF test 
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has a null hypothesis where a variable is assumed to possess a unit root. In contrast, the KPSS 

test utilises a null hypothesis where a variable is assumed to be stationary. The decision to 

conduct both a unit root test and a test for stationarity will provide an indication of the 

robustness of the unit root conclusions resulting from each test. Additionally, it should be 

noted that both the ADF tests and KPSS tests are conducted with a time trend and constant in 

order to account for the possibility that each variable may be stationary around a 

deterministic trend.    

 

The ADF test results presents overwhelming evidence to reject the presence of a unit 

root within aggregate consumer imports, clothing and overseas produced transportation.  This 

would then suggest that these three variables are stationary around a deterministic trend. 

Similarly, ADF test results imply that imported electrical consumables are also stationary 

around a deterministic trend at the 5% level, while the same conclusion applies to clothing 

and electrical imports at the 10% significance level. However, the ADF test suggests that 

logged values of miscellaneous consumer imports, the real exchange rate and consumption of 

domestically produced goods are integrated of order one and therefore may be defined as 

possessing a unit root with drift.  

 

The KPSS test provides strong evidence against the hypothesis that the logged values of the 

real exchange rate and domestically produced consumption are stationary around a 

deterministic trend. This would then imply that the aforementioned two variables are I(1) 

with drift. The KPSS test provides evidence to reject the hypothesis that imported food is 

stationary around a deterministic trend if the KPSS test is conducted at the 5% significance 

level, while it is also possible to infer that leisure and transport follows an I(1) process with 

drift if the KPSS test is conducted at the 10% significance level.  Meanwhile, the KPSS test 
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provides insufficient evidence to reject the hypothesis that the logged values of aggregate 

consumer imports and foreign produced clothing are stationary around a deterministic trend. 

 

Both the ADF test and the KPSS test suggests that logged values of aggregate 

consumer imports and imported clothing are stationary around a deterministic trend. 

Furthermore, there appears to be strong evidence from both tests that logged values of the 

real exchange rate and domestically produced consumption are I(1) with drift. However, the 

ADF test results appear to contradict the results from the KPSS test on several occasions.  For 

example, an ADF test applied at the 5% significance level suggests that electrical imports are 

stationary around a deterministic trend. In contrast, the KPSS test provides sufficient 

evidence to reject the hypothesis of stationarity around a deterministic trend at all 

conventional significance levels. Similarly, ADF tests applied at the 10% significance level 

provides evidence to suggest that food, leisure and transport are stationary around a 

deterministic trend. This contrasts noticeably with KPSS tests applied at the 10% significance 

level, which provides evidence that all three variables are I(1) with drift. Given the different 

conclusions arising from the ADF tests and KPSS tests, it appears reasonable to proclaim that 

the individual unit root tests are unable to yield a definitive statement regarding the unit root 

properties of several import categories. Thus, it is highly probable that consumer imports 

contain a mixture of I(0) and I(1) goods. 

 

 



Table 2: Individual Unit Root Results - Trend & Constant 

1
 lag length set to a maximum of twelve 

 

 

 

  Augmented Dickey Fuller Test Results  Kwiatkowski-Phillips-Schmidt-Shin (KPSS) Test 

  Level  First Difference  Level  First Difference  Critical Values 

Variable  Lags T-Stat P-Value  Lags T-Stat P-Value  Lags
1 

KPSS 

T-Stat 

 Lags
1
 KPSS 

T-Stat 

 10% 

C.V. 

5% 

C.V. 

1% 

C.V. 

Aggregate  1 -3.94 0.01  0 -8.32 0.00  7 0.113  2 0.056  0.119 0.146 0.216 

Clothing  0 -4.01 0.01  0 -13.77 0.00  7 0.086  5 0.052  0.119 0.146 0.216 

Electric   0 -3.53 0.04  0 -10.55 0.00  8 0.295  11 0.118  0.119 0.146 0.216 

Food   1 -3.26 0.08  0 -14.27 0.00  8 0.189  12 0.072  0.119 0.146 0.216 

Leisure   0 -3.20 0.09  0 -12.68 0.00  8 0.130  10 0.066  0.119 0.146 0.216 

Transport   1 -4.75 0.00  2 -5.96 0.00  8 0.127  1 0.062  0.119 0.146 0.216 

Misc   0 -2.69 0.24  0 -10.52 0.00  6 0.077  5 0.052  0.119 0.146 0.216 

Exchange Rate  1 -1.90 0.65  1 -7.96 0.00  8 0.251  12 0.051  0.119 0.146 0.216 

Domestic Cons  0 -2.26 0.45  0 -11.21 0.00  8 0.143  7 0.086  0.119 0.146 0.216 



The prospect that the dataset contains a mixture of I(0) and I(1) variables may be 

further examined via panel based unit root techniques. In this scenario, tests for the presence 

of unit roots will be conducted on the dataset as a whole rather than each variable separately. 

Panel based unit root tests possess several desirable qualities. The ability to account for both 

cross sectional dimensions and time series dimensions increases the power of a unit root test, 

which in turn addresses the problem of low power in small samples associated with unit root 

tests on individual time series (Christidou & Panagiotidis, 2010). Another advantage of 

utilising panel-based unit root tests over individual time series based unit root tests is that the 

asymptotic distributions of the test statistics are approximately normally distributed (Hadri, 

2000).  

 

This thesis performs four different panel-based unit root tests on the disaggregated import 

categories within the dataset in order to determine whether the disaggregated import 

categories are entirely stationary around a deterministic trend or alternatively, possess a unit 

root with drift. Thus the tests will be restricted to clothing, electrical imports, food, leisure, 

miscellaneous consumer imports and transport. The tests chosen for this paper are the Hadri 

(2000); Hadri & Kurozumi (2008) ; Im,Pesaran & Shin (2003) [henceforth known as the Im 

et al. (2003) test] and Pesaran (2007) unit root tests. The Hadri (2000) and Im et al. (2003) 

tests assumes cross sectional independence amongst the import categories, while the Hadri & 

Kurozumib (2008)  and Pesaran (2007) tests account for a more likely scenario of cross 

sectional dependence amongst  import categories. Additionally, the Im et al. (2003) and 

Pesaran(2007) tests utilise a null assumption that all variables possess a unit root, while 

Hadri(2000) and Hadri & Kurozumi(2008)’s test possess a null hypothesis that all variables 

are stationary.  A general overview of the differences between each test is provided in Table 

3 below.  Discussions on how each test is conducted may be found in the Appendix B.  

 



34 

 

Table 3: Description of Panel Based Unit Root Tests 

 Null Alternative Assumes Cross Sectional 

Dependence/Independence? 

Im et al. (2003) Unit root in all 

series 

Some cross sections do 

not possess a unit root 

Cross Sectional Independence 

Hadri (2000) No unit root  in any 

individual series 

Common unit root 

amongst all series 

Cross Sectional Independence 

Hadri & 

Kruozumi (2009) 

No unit root  in any 

individual series 

Common unit root 

amongst all series 

Cross Sectional Dependence 

Pesaran (2007) Common unit root 

amongst all series 

No common unit root 

amongst all series 

Cross Sectional Dependence 

 

Results for each panel based unit root test are presented in Table 4. As per the individual unit 

root tests, the panel based unit root and stationary tests yield contradictory results. The Hadri 

& Kurozumi(2009) test and the Hadri(2000) test, presents overwhelming evidence to reject 

the hypothesis of a common unit root regardless of whether cross sectional dependence or 

cross sectional independence is assumed to exist within the disaggregated import categories. 

Conversely, the Im et al.(2003) and Pesaran(2007) test indicate the opposite by providing 

evidence to imply that the import categories are stationary around a deterministic trend 

regardless of whether cross sectional dependence or cross sectional independence is assumed 

to exist within the disaggregated import categories. Hence the panel based unit root tests 

support the findings from the individual unit root tests by providing strong evidence that the 

import categories are unlikely to be entirely stationary around a deterministic trend or entirely 

I(1) with drift. This then re-enforces the probability that the import categories may be a 

mixture of I(0) and I(1) variables. 
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Table 4: Results for Panel Based Unit Root Tests
1
 

Cross Sectional Independence Tests 

  

Statistic 

 Critical Values 
  10% C.V. 5% C.V. 1% C.V. 
Hadri & Kruozumi (2009)

1 
-3.421  -1.65 -1.96 -2.58 

Pesaran (2007)
2 

-2.821  -2.72 -2.83 -3.03 

 

Cross Sectional Independence Tests 

 Statistic  P-Value   
Im et al. (2003) -4.45171  0.00   
Hadri (2009) 4.93250  0.00   
1 
All panel based unit root tests were conducted with a constant and time trend 

2 
Hadri & Kruozumi (2009) test statistics follows a normal distribution 

3 
Critical values are sourced from table II(c) on page 281 of Pesaran(2007). 

 

The prospect that the import categories - and thus the dataset as a whole - are likely to 

contain a mixture of I(0) and I(1) variables is a significant departure from the literature, 

where the vast majority of papers on Australian import demand suggests that Australian 

imports were integrated of order one(see Wilkinson, 1993; Bullock et al., 1993; and Dwyer & 

Kent, 1993). This is particularly surprising as the aforementioned three studies sourced their 

data from the same ABS reports as this thesis. The differences between the unit root results in 

this paper and results obtained from previous papers in the literature may then imply a 

structural change in import demand during the last 20 years, possibility brought about by 

Australia’s increased integration within the global economy. 

 

Furthermore, the presence of both I(0) and I(1) variables yields several major implications on 

the analysis to be conducted within this thesis. The implications of the I(1) variables is that a 

standard regression in levels could potentially yield spurious results due to the possible 

presence of cointegration within these variables. However, standard cointegration techniques, 

such as Johansen’s (1995) Cointegration test are not applicable due to the presence of the 

stationary variables. Hence, it becomes necessary to utilise an empirical technique that is 

robust enough to yield unbiased estimates in the presence of both stationary variables and 
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variables that are integrated of order one. This serves as the main motivation for the use of 

Pesaran, Shin & Smith’s (2001) bounds test procedure in the main body of this thesis. This 

technique is further discussed in the next chapter. 
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5. Econometric Methodology 
 

This chapter provides an overview of the bounds test procedure developed by Pesaran, Shin 

and Smith (2001) [henceforth known as Pesaran et al. (2001)] that will be implemented in the 

following chapters. The bounds test procedure is considered optimal for the purposes of this 

thesis as it provides a way to obtain long run and short run estimates for the impact of 

exchange rates on the different import categories. Additionally, the bounds test procedure 

yields consistent long run estimates regardless of whether the underlying regressors are I(0) 

or I(1) (Abbott et al., 2000). As the previous chapter provided evidence to suggest that this 

thesis' dataset contains a mixture of I(0) and I(1) variables, a testing procedure that is robust 

to variables with different characteristics must be considered optimal for this study. 

 

5.1 Bounds Test Procedure - First Stage 

The bounds test procedure is split into two stages. The first stage attempts to establish 

whether a level relationship between the dependent and independent variables exists in the 

long run (Narayan & Narayan, 2010). In order to achieve this objective, it is necessary to re-

format equation (19) from the theoretical model chapter into an unrestricted error correction 

model as provided in equation (20) listed below: 

               ( )                        ∑         

 

   

 ∑          

 

   

 ∑        

 

   

                                                          (  ) 

Here m refers to the log of the relevant import category, fx refers to the log of the real 

exchange rate, d refers to the log of domestic consumption and    is the error term associated 

with period t. Following Pesaran et. al.(2001), the number of lags for the differenced 
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variables was selected through the use of the Schwarz Information criterion and Akaike 

information criterion. However, as suggested in Pesaran et. al.(2001), greater emphasis is 

placed on the values associated with the Akaike Information Criterion to better account for 

the presence of serial correlation within the variables. 

 

The bounds test procedure then involves the use of an F-test to determine the presence 

of a long run relationship in levels (Narayan & Narayan, 2005). This test can be stated as 

follows: 

              

                   

 

The above hypothesis is assessed through a standard F-statistic. However, the bounds 

test procedure utilises two sets of critical values instead of a single value as per the 

conventional F-test. These critical values apply to the extreme cases where the regressors are 

assumed to be entirely I(1) on the one hand, or purely I(0) on the other  (Pesaran et al., 2001). 

In this situation critical values for the I(1) series are interpreted as the upper bound critical 

values, while critical values for the I(0) series may be viewed as the lower bound critical 

values. If the F-statistic falls outside the critical bounds, a definitive decision may be made 

regarding the presence of a long-run, level relationship without considering the order of 

integration of the explanatory variables. For example, a F-statistic that is lower than the I(0) 

critical value provides overwhelming evidence to suggest that the null hypothesis of no long 

run relationship between the regressand and regressors cannot be rejected. Alternatively, a F-

statistic that is greater than the I(1) critical value provides overwhelming evidence to suggest 

that a long-run relationship in levels exists between the dependent variable and the 

independent variables (Narayan & Narayan, 2010). In the scenario where the F-statistic lies 
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between the upper and lower bounds, a definitive decision regarding the presence of a long-

run, level relationship cannot be inferred and further information with regards to the variables 

must be obtained ( Tang & Nair, 2002). 

 

The sets of critical values used to conduct the bounds test procedure within this paper 

are listed in Appendix E. All information is sourced from table CI(v)  on page 301 of Pesaran 

et al.(2001) and refers to the scenario when a specific regression possess an unrestricted 

intercept and unrestricted trend.  

 

5.2 Bounds Test Procedure - Second Stage 

Once the existence of a long-run relationship in levels have been established, the 

second stage of the bounds test procedure focuses on quantifying the long run and short run 

estimates for each import model (Narayan & Smyth, 2005). Long run estimates are obtained 

from an autoregressive distributed lag (ARDL) model. A theoretical example of this model 

that would also be applicable to the current paper is provided below: 

 

                     ( )  ∑        

 

   

 ∑    (  )   
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             (  )   

It should be noted that in the steady state, the growth rate of imports is considered to be 

constant across time. Similarly, the value of the real exchange rate and domestic consumption 

also remain constant across time. As a result, equation (21) can then be written as follows: 
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The above equation can then be rearranged as follows: 

   
  

  ∑    
 
   

 
  

  ∑    
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∑    
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This would then imply that long run estimates for the impact of the real exchange rate on a 

particular category of imports may be acquired by applying the following equation: 

 

                                                                              
∑    

 
   

  ∑    
 
   

                                                            (   )    

 

Short run results are obtained via an error correction model (ECM model) as this model is 

capable of accounting for the possibility of cointegration between the dependent variable and 

at least one of the regressors through its error correction term. Furthermore, the ECM model 

exclusively measures the relationship between interperiod changes in the dependent and 

independent variables, thus making it optimal for the purposes of short run analysis. A 

theoretical example of an ECM model is specified in equation (24).  

         ∑         

 

   

 ∑     (  )   

 

   

 ∑          

 

   

                          (  ) 

 

Here     is the change in the logged values of the relevant import category at time t,  (  )    

is the change in the log of the real exchange rate at time t,     is the change in domestic 

consumption at time t and        refers to the error correction term. Short run dynamics 

regarding the real exchange rate are inferred via the     variables. The error correction 

component of the ECM models for each consumer import category is calculated via the 

following expression, which is derived from coefficients obtained from the unrestricted error 

correction models depicted in equation (20): 
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                                                 (  )    

Here     is the error correction term,   refers to the logged value of the import category in 

question,    is the logged value of the real exchange rate and   is the logged value of 

domestically produced consumption. Thus equation (24) is merely the lagged values in levels 

presented in equation (20) normalised around the lag of the specific consumer import 

category. 
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6. Empirical Results 
 

This chapter applies the bounds test procedure to obtain both long run and short run estimates 

of the real exchange rate, as well as domestic consumption, on each consumer import 

category described in Chapter 3. Additionally, this chapter provides an analysis of how 

changes in the growth rate of domestic consumption and the real exchange rate affect the 

growth rate of each import category in the long run. The final section of this chapter 

introduces an alternative approach to modelling the ARDL framework utilised in the bounds 

test procedure by describing a scenario where the level values of each import category is a 

function of first-differences in the logged values of domestically produced consumption and 

the real exchange rate. 

 

6.1 Tests for the Presence of Long Run Relationships in Levels 

 Table 5 reports the F-statistics for the first stage of the bounds test procedure. As I 

discuss in Chapter 5, the first stage of the bounds test procedure involves performing an F-

test on the first lag of the relevant import category, the real exchange rate and domestically 

produced consumption. For convenience, this F-test is repeated below: 

               ( )                        ∑         
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 The results listed in Table 5 provides overwhelming evidence to suggest that 

aggregate imports possesses a long run relationship in levels with the real exchange rate and 

aggregate domestic consumption. This finding also applies to food, transport and electrical 

imports. However, the table also indicates that there is insufficient evidence to reject the 
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hypothesis of no long run relationship in levels between clothing, the real exchange rate and 

domestic consumption. Similarly, there is no evidence of a long run relationship with 

domestic consumption and the real exchange rate for leisure goods and miscellaneous 

consumer imports. The prospect of a long run relationship with exchange rates and domestic 

consumption existing for some, but not all, import categories yields two important 

implications. Firstly, the impact of exchange rates is not uniform across all import categories. 

This would suggest that, at least for some categories of consumer goods, perceived price 

differentials between Australian produced goods and those produced overseas are unlikely to 

be the sole cause of the growth in market share of imported consumables within the 

Australian economy.  Secondly, it is highly likely that past literature on Australian imports 

would not have represented the entire spectrum of dynamics that influence imported 

consumer goods.  For example, past papers would have only picked up the presence of a level 

relationship in aggregated consumer imports, while overlooking the prospect that several 

types of consumer imports, such as those falling into the leisure and clothing categories, may 

be unaffected by movements in the exchange rate. 

 
Table 5: Bounds Test Results - First Stage 

Calculated F Statistic
2
    

Aggregate 7.24   

Clothing 1.31   

Electric 6.25   

Food 6.12   

Leisure 1.83   

Transport 7.80   

Misc 2.64   

Critical Value Bounds: Unrestricted Intercept & Trend 

95% Level
1
 I(0) I(1) 

k=2 4.87 5.85 
1
critical values sourced from table CI(v) on page 301 of Pesaran, Shin, Smith (2001) 

2
 The ECM model for the first stage of the bounds test contains three lags for aggregate imports, while the 

model contains two lags for transport. The ECM models for all other imports categories contain a single 

lag. 
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 Table 6 presents long run estimates of the impact of the real exchange rate and 

domestically produced consumption for all import categories that passed the first stage of the 

bounds test procedure. As I described in Chapter 5, long run estimates are sourced from an 

ARDL model specification with lags of the relevant consumer import category, the real 

exchange rate and domestically produced consumption as the regressors. All regressions in 

this table possess a lag length fixed at four in order to facilitate comparisons across different 

import categories. However, the same regressions with a lag length set at two may be found 

in Appendix D. As the results in Table 5 appear to be highly consistent with the results in 

Appendix D, it can be inferred that results in Table 6 are robust to different lag lengths. Table 

6 also contains 95% confidence intervals for the real exchange rate and domestically 

produced consumption for all import categories. The process I use to obtain 95% confidence 

intervals is described in Appendix C. 

 
Table 6: Estimates of Long-Run Elasticities 

 

Variable 

 

Import Category 

  

Long Run Estimate  

 95% Confidence Interval 

  Lower Bound Upper Bound 

 

   

Aggregate   0.139   0.079 0.199 

Electric   0.621   0.479 0.763 

 Food   0.164   0.091 0.237 

Transport  -0.031  -0.207 0.145 

 Aggregate   2.362   1.867 2.855 

  Electric   4.047   3.005 5.089 

 Food   1.891   1.318 2.464 

 Transport   2.907  1.420 4.395 

 

 

 The results from Table 6 indicate that fluctuations in the exchange rate possess a 

statistically significant impact on aggregate consumer imports, electrical goods and food at 

the 5% significance level. The 95 percent confidence interval for the long run elasticity of 

electrical goods with respect to the real exchange rate is 0.479 and 0.763. These values are 

economically significant. Meanwhile, the 95 percent confidence interval for the long run 

elasticity of aggregate goods with respect to the real exchange rate is 0.079 and 0.199, while 
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the 95 percent confidence interval lies between 0.091 and 0.237 for food. Thus the economic 

significance of fluctuations in the real exchange rate on aggregate imports and food may be 

considered somewhat questionable.  

 

 On the other hand, the real exchange rate's impact on transport goods is statistically 

insignificant at the 5% level. Thus the large F-Statistic attributed to transport goods in the 

first stage of the bounds test procedure may be due entirely to the impact of domestic 

consumption on transport rather than any effect from movements in the real exchange rate. 

Alternatively, the absence of a definitive causal relationship between imports and the real 

exchange rate in the long run may be due to the fact that the real exchange rate's impact on 

vehicles made overseas may be entirely short term in nature, thus indicating that decisions to 

purchase transport items are only affected by current values of the real exchange rate rather 

than how the exchange rate has been trending across time. The short term impact of the real 

exchange rate on transport will be assessed in the next section of this chapter. 

 

 Nonetheless, it should be noted that the long run impact of the real exchange rate is 

considerably smaller than the impact of domestic consumption for all import categories that 

passed the first stage of the bounds test procedure. Furthermore, the long run estimates 

associated with domestic consumption are statistically significant across all four import 

categories in Table 6. This would indicate that although the real exchange rate is likely to 

possess an impact on the demand for consumer imports, this impact is significantly smaller 

than the level of aggregate economic activity at that point in time. Thus pure price 

differentials are unlikely to be the main determinant of the long run growth in consumer 

imports.  
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 Additionally, it should also be noted that long run estimates for the real exchange rate 

differs substantially across food, leisure and transport. This finding may be indicative of a 

non-uniform impact of the real exchange rate across different import categories.  

 

6.2 Estimates of Short Run Relationships 

 Estimates of an error correction model for all consumer import categories are 

provided in Table 7. The decision to obtain short run estimates for all consumer import 

categories is due to two main reasons. Firstly, conducting short run regressions on categories 

that failed the first stage of the Bounds Tests may be interpreted as a cointegration check for 

these import categories. The second reason is that doing so accounts for the possibility that 

the exchange rate might have a purely short term impact on certain consumer imports. For 

convenience, a theoretical example of an ECM model is restated below: 

         ∑         

 

   

 ∑     (  )   

 

   

 ∑          

 

   

        

The ECM model in this section has been fixed to two lags. One lag and three lag scenarios 

are also presented in Appendix D. Nonetheless, it should be noted that inferences obtained 

from the two lag scenario also applies to the one and three lag scenarios. 

 

 With the exception of leisure and miscellaneous consumer imports, the error 

correction terms are statistically significant for all import categories. This result has two 

potential implications. Firstly, the statistical significance of the error terms could indicate a 

cointegrating relationship with at least one of the real exchange rate and domestically 

produced goods for these import categories. This however appears to contradict the findings 

of the unit root tests in Chapter 4 that suggest that the same five import categories could be 

stationary around a deterministic trend. Furthermore, the presence of cointegration may 
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suggest that any inferences on the long run level relationship between the real exchange rate 

and these five import categories are likely to be spurious in nature. The potential presence of 

cointegration within the data and whether it is likely to affect any analysis of the real 

exchange rate's impact on consumer imports will be addressed within the robustness tests in 

the next chapter. Secondly, as the error correction term measures the rate that import demand 

adjusts to changes in both domestic consumption and the real exchange rate before 

converging to long run equilibrium levels, its statistical significance across the majority of 

import categories ensures that the models in the vast majority of cases are non-explosive and 

the long-run equilibrium is attainable (Narayan & Narayan, 2010) 

 

 

 In regards to the real exchange rate, Table 7 suggests that a percentage change in the 

growth rate of the real exchange rate in the two lag scenario will produce an initial increase in 

the growth rate of transport imports by 0.019 percent at the time of the change, but will 

further increase the growth rate of transport by 1.011 percent after a one period lag and by 

0.224 for the period after that. In contrast, a percentage change in the growth rate of the real 

exchange rate increases the growth rate of leisure imports by 0.391 percent in the current 

period, 0.179 percent in the period after and 0.036 percent two periods later. Thus it would 

appear that the notion of a non-uniform impact of the real exchange rate is also present in the 

short run estimates of the bounds test. An additional point to consider is that, with the 

exception of leisure imports, the coefficient associated with the first lag of the log differenced 

values of the real exchange rate exceeds the contemporaneous coefficient associated with this 

variable or all import categories. This might indicate a delay between a change in the growth 

rate for the real exchange rate and when its effects are reflected within consumer import 

demand. 
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 Another interesting feature about the results from Table 7 is that the impact of the real 

exchange rate appears to increase with the costs associated with each import category. For 

example, the impact of the real exchange rate is greatest for transport, which contains the 

costliest items across all import categories. Similarly, food, which can be considered the least 

costly of all import categories, appears to be the least affected by changes in the growth rate 

of the real exchange rate.  Meanwhile clothing imports, which may be considered to be more 

expensive than food but less expensive than transport, is affected to a greater extent than food 

but to a lesser extent than transport to a percentage change in the growth rate of the real 

exchange rate. These findings would suggest that the different short run elasticities with 

respect to the real exchange rate for each import category might be a result of a wealth effect, 

where the cost of acquiring a particular consumer import could determine how sensitive the 

demand for a certain import is to changes in the real exchange rate. 

  

 A startling feature of the short run results is that changes in the growth rate of 

domestic consumption variables are statistically insignificant with respect to the demand for 

clothing, food, leisure and miscellaneous consumer imports. As a result, it is not possible to 

confirm the existence, or non-existence, of a short-term causal relationship between the real 

exchange rate and domestic consumption from this paper. Nonetheless, it should still be 

noted that the coefficients for the logged difference in domestic consumption and its 

associated lags are larger than the coefficients associated with the exchange rate variables 

across all import categories. As a result, a percentage increase in the growth rate for domestic 

consumption is likely to possess a greater impact on all import categories than a percentage 

increase in the growth rate for the real exchange rate. Thus although it might not be possible 

to obtain a definitive statement regarding the short run relationship between domestic 

consumption and imports, it can still be anticipated that all import categories will be affected 
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to a greater extent by movements in domestic consumption - and through the process of 

inference, aggregate economic activity - in the short run than by perceived price differentials 

between domestic and foreign suppliers as reflected by the real exchange rate.  
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Table 7: Estimates of Short Run Elasticities  

  Aggregate Clothing Electric Food 

Variable  Estimate S.E. P- Value Estimate S.E. P- Value Estimate S.E. P- Value Estimate S.E. P- Value 

        0.074 0.10 0.44 -0.322 0.10 0.00 -0.107 0.10 0.28 -0.338 0.11 0.00 

        0.170 0.09 0.06 -0.050 0.10 0.63 -0.089 0.10 0.37 -0.078 0.10 0.44 

       0.234 0.08 0.00  0.222 0.12 0.08  0.244 0.16 0.14  0.110 0.09 0.25 

         0.324 0.08 0.00  0.225 0.12 0.07  0.306 0.17 0.07  0.158 0.09 0.09 

         0.079 0.09 0.36  0.302 0.12 0.02  0.042 0.17 0.81  0.075 0.10 0.43 

     -0.600 0.52 0.25 -0.615 0.84 0.47  0.410 1.13 0.72 -0.146 0.65 0.82 

        0.641 0.51 0.21  0.284 0.82 0.73  1.263 1.08 0.25  0.627 0.64 0.33 

        1.262 0.51 0.01  0.855 0.81 0.29  2.145 1.09 0.05  0.286 0.63 0.65 

        -0.131 0.04 0.00 -0.031 0.02 0.06 -0.036 0.02 0.07 -0.122 0.06 0.03 

Constant  -2.643 0.88 0.00 -0.309 0.17 0.07 -1.844 1.01 0.07 -2.013 0.94 0.03 

 

   Leisure Transport Misc  

 Variable  Estimate S.E. P- Value Estimate S.E. P- Value Estimate S.E. P- Value  

        -0.283 0.10 0.01  0.102 0.09 0.27 -0.055 0.11 0.61  

        -0.105 0.10 0.31  0.277 0.09 0.00  0.067 0.10 0.52  

        0.391 0.11 0.00  0.019 0.22 0.93  0.123 0.09 0.17  

          0.179 0.12 0.15  1.011 0.22 0.00  0.140 0.09 0.11  

          0.036 0.12 0.77  0.224 0.24 0.35  0.092 0.09 0.31  

       0.400 0.76 0.60 -0.739 1.49 0.62 -0.039 0.63 0.95  

         0.982 0.73 0.18  1.874 1.40 0.18  0.168 0.58 0.77  

         0.769 0.75 0.31  4.327 1.42 0.00  0.690 0.58 0.23  

         -0.011 0.01 0.34 -0.297 0.06 0.00 -0.078 0.06 0.17  

 Constant   0.076 0.08 0.36 -6.901 1.45 0.00 -2.333 1.70 0.17  
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6.3 An Analysis of the Long Run Growth Rate for Consumer Imports 

 The bounds test procedure demonstrates whether a long run relationship between 

imports, domestic consumption and the real exchange rate exists in levels. However, there is 

a possibility that a long run relationship in differences might exist between the real exchange 

rate, domestic consumption and the import categories that failed the first stage of the bounds 

test. To test this prospect, I will utilise an autoregressive distributed lag model to determine 

whether a long run, difference relationship exists between the variables. This model will 

follow the format specified below: 

                             ∑        

 

   

 ∑         

 

   

 ∑         

 

   

                    (  ) 

 
Table 8: Long Run Estimates for Differences of Logged  Values In the Real  Exchange Rate & 
Domestically Produced Consumption 

 

Variable 

 

Import Category 

  

Long Run Estimate  

 95% Confidence Interval 

  Lower Bound Upper Bound 

 

 

 

    

Aggregate   0.751   0.354 1.149 

Clothing   0.651   0.023 1.279 

Electric   0.741  -0.013 1.495 

Food   0.209  -0.231 0.648 

Leisure   0.703   0.114 1.291 

Transport   1.388   0.276 2.501 

Misc   0.383  -0.045 0.812 

 Aggregate  -0.263  -3.261 2.735 

 Clothing   1.432  -2.791 5.655 

 Electric   1.032  -4.757 6.821 

   Food   0.878  -2.605 4.361 

 Leisure  -0.030  -4.045 3.985 

 Transport  -0.997  -9.591 7.597 

 Misc   0.661  -2.648 3.970 

 

 

 Long run estimates for changes in the growth rates of both the real exchange rate and 

domestically produced consumption are presented above in Table 8. As per the bounds test, a 

fixed lag length of four is selected for this section. Similarly, the process of obtaining 

confidence intervals is covered by Appendix C. 
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 The output from Table 8 suggests that a long run relationship with respect to the 

growth rate of the real exchange rate only exists for the growth rates of aggregate 

consumables, clothing, leisure and transport. These four groups were also the only import 

categories to pass the first stage of the bounds test. Hence it may be inferred from Table 8 

that the level perspective and the growth rate perspective yields similar conclusions regarding 

whether or not the real exchange rate possesses a long run impact on a specific category of 

consumer imports. 

 

 Another notable feature regarding the results in Table 8 is that long run estimates 

relating to a change in the growth rate of the real exchange rate appear to differ across 

consumer import categories. This supports the notion established in the bounds test of non-

uniform responses to fluctuations in the real exchange rate for different import categories. 

Furthermore, there appears to be evidence to support the possibility of a wealth effect 

governing the different responses of each consumer category to a change in the real exchange 

rate. For example, a percentage change in the growth rate of the real exchange rate will yield 

a larger percentage change to the growth rate of transport than any other consumer import 

category. Conversely, a percentage change in the growth rate of the real exchange rate will 

have the smallest impact on the percentage change in the growth rate of food. Again, the 

presence of disparate impacts of a change in the real exchange rate, as well as the likely 

presence of the wealth effect, suggests that inferences regarding the relationship between 

consumer imports and the real exchange rate appear consistent regardless of the functional 

form of the chosen regression equation. 

 

 The long run impact of a percentage change in the logged value of domestic 

consumption is statistically insignificant at the 5% significance level for all import categories.  
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This is a somewhat surprising feature as it suggests an inconclusive impact of changes in the 

log of domestic consumption on changes on the logged values of imported consumables. 

However, the percentage changes in the growth rates of each import categories are still 

generally more sensitive to a percentage change in the growth rate of domestic consumption 

than to a percentage change in the growth rate of the real exchange rate. Therefore it can still 

be inferred from these regressions that domestic consumption has a greater impact on imports 

than the real exchange rate and as a result, pure price differentials are unlikely to be the main 

determinant of consumer import demand from a growth rate perspective. 

 

 

6.4 An Alternative Model for Consumer Imports  

 The application of the bounds test procedure in the previous sections of this chapter is 

primarily motivated by the output from the panel-based unit root tests, which appears to 

reject the notion that this paper's dataset is entirely I(0) or entirely I(1). In contrast, this 

section makes assumptions based on the individual-time series unit root tests to formulate a 

regression equation where all variables are of the same integration order. Results presented in 

Table 2 of Chapter 4, and in particular the augmented Dickey Fuller tests, suggests that the 

majority of import categories are stationary around a deterministic trend at the 5% 

significance level, while domestic consumption and the real exchange rate possess a unit root 

with drift. Based on this information, it may be possible to adapt the ARDL model into the 

format below in order to ensure a regression equation with all variables of the same order of 

integration: 

                           ∑       

 

   

 ∑          

   

   

 ∑         

   

   

                 (  )  
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 This model implies that the demand for imports at a particular point in time is a 

function of the differenced values of domestic consumption and the real exchange rate rather 

than the level values of these variables. Thus import demand is affected by the inter-period 

changes in domestic consumption and the real exchange rate rather than any fluctuations of 

both variables from their historical means. The following interpretation yields three main 

benefits. Firstly, the shift to differenced values accounts for the fact that both domestically 

produced consumption and the real exchange rate do not possess a stationary mean and thus a 

regression based on fluctuations away from the historical means of these variables are 

unlikely to yield accurate results. Secondly, differencing domestically produced consumption 

and the real exchange rate accounts for the "drift" element and therefore allows us to  focus 

solely on the movements of these variables within the period specified. Finally, as domestic 

consumption and the real exchange rate contained a unit root with drift, there is the 

possibility that these variables might be dampening the effects of the time trend if a 

regression is performed on the level values of domestic consumption and the real exchange 

rate. Thus removing the "drift" element from these variables allows for the full effects of the 

time trend to be identified.  

 

 Results for the regressions based on equation (26) are provided in Table 9.  Here the 

lag length is fixed at two. However, results from the four lag scenario are presented in 

Appendix D and appear to be highly consistent with those presented in Table 9 below. All 

regressions in Table 9 contain at least one real exchange rate variable that is statistically 

significant at the 5% level. That finding provides overwhelming evidence to suggest that a 

fluctuation in the exchange rate will impact all consumer imports. However, the extent of the 

impact differs across each consumer import category. For example, a percentage change in 

the growth rate of the real exchange rate will increase transport by 0.235 percent in the 
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contemporaneous period and by 0.951 percent the period after. This contrasts greatly with 

food, where a percentage change in the growth rate of the real exchange rate will increase the 

demand for this import category by 0.069 percent in the contemporaneous period and by 

0.184 percent the period after. Additionally, Table 9 supports the notion that a wealth effect 

may be a major determinant behind the diverse impact of fluctuations in the real exchange 

rate across each consumer import category. Once again, transport appears most responsive to 

changes in the real exchange rate, food the least and the other import categories falling 

somewhere between these two categories. These findings are consistent with the inferences 

regarding the relationship between the real exchange rate and consumer demand derived from 

the bounds test. 

 

 With regards to the other variables listed in equation (26), the statistical insignificance 

of domestically produced consumption and its associated lags across all disaggregated 

consumer import categories in Table 9 indicates that a definitive relationship between 

domestically produced consumption and each consumer import category cannot be inferred 

from regressions based on equation (26). However, it should be noted that the estimates 

associated with the domestically-produced consumption variables are generally greater than 

the real exchange rate and its associated lags. Furthermore, estimates on domestic 

consumption and its associated lags may even be considered to be highly economic 

significance for certain import categories. For example, a percentage change in the growth 

rate of domestic consumption will lead to a 0.421 percent decrease in transport imports for 

the period that the change occurs, but will increase transport by approximately 1.871 percent 

in the proceeding period. Thus the conclusion that domestic consumption may have a 

statistically ambiguous relationship with import demand, but will possess an expected 

economic impact on consumer imports vastly greater than that the real exchange rate if it 
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does, appears to be consistent with the general inferences obtained from the bounds test 

procedure. 

 

It should also be noted that, with the exception of leisure and clothing imports goods, the time 

trend is statically significant at the 5% significance level for all import categories. However, 

the time trend appears statically significant at the 10% significance level for clothing. The 

fact that the time trend appears statistically significant in the vast majority of consumer 

import categories indicates that, holding all else constant, it can be anticipated that consumer 

imports will grow at a constant rate in the short term. The coefficients associated with the 

time trend lies between 0.001 and 0.005 across all import categories. Given that 

    (     )        and     (     )       , this would indicate that the demand for all 

consumer categories grows on average between 0.1% and 0.5% every quarter.  

 

 Finally, an important point to consider regarding equation (26) is that first-differenced 

values of the real exchange rate and domestically produced consumption will equal to zero in 

the long run due to the assumption that variables will remain constant across time once the 

steady state has been reached. As a result, equation (26) takes on the following form in the 

steady state:  

                                                           ̃   ̃   ̃                                                (  )  

Here   ̃ refers to the value of imports within the steady state. 

 

 The steady state formula in equation (27) implies that the real exchange rate and 

domestic consumption merely represent short-term shocks to the demand for imported 

consumables. The long-run demand for these goods are solely a function of the time variable, 

which according to the framework developed in the theoretical model presented in Chapter 3, 
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represents shifts in consumer preferences away from domestic consumption to imported 

consumer goods. Given this finding, it appears highly beneficial to further analyse the long 

term impact of the time trend across each import category. The results of these long term 

estimates are provided in Table 10 below: 

 
Table 9: Long Run Estimates for the Deterministic Time Trend in the Alternative ARDL Model 

 

Import Category 

  

Long Run Estimate 

 95% Confidence Interval 

  Lower Bound Upper Bound 

Aggregate  0.020  0.020 0.020 

Clothing  0.018  0.018 0.019 

Electric  0.026  0.026 0.027 

Food  0.018  0.017 0.018 

Leisure  0.011  0.011 0.011 

Transport  0.021  0.021 0.022 

Misc  0.023  0.022 0.023 

 

 

 The output from Table 10 indicates that the time trend yields a positive and 

statistically significant impact on all import categories. Furthermore, the long run estimates of 

the time trend suggests that a shift in preferences from domestically produced consumption 

goods to imported consumables yields a meaningful impact on the demand for each import 

category. For example, since exp(0.020)≈1.0202, a unit shift from domestically produced 

goods to imported consumables will increase aggregate consumer imports by more than two 

percent. Similarly leisure imports, being the import category least sensitive to the time trend 

variable, will still witness a one percent increase in its value due to a unit shift from 

domestically produced goods to imported consumables for the average household. The fact 

that the time trend across all import categories is both economically and statistically 

significant provide strong support for equations (26) and (27) as plausible explanations for 

the movements in consumer import demand. Furthermore, the statistical and economic 

significance of the time trend is highly consistent with the data, where the effects of the 

deterministic elements of each import category can be considered to be extremely apparent 

within the graphs in Figure 1. 
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 It should also be noted that the long run estimate of the time trend variable appears to 

be fairly consistent across all the import categories. This may suggest that the impact of a 

change in consumer preferences possesses a rather uniform impact on the demand for all 

import categories. 
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Table 10: Short Run Elasticities for the Alternative ARDL Model 

  Aggregate Clothing Electric Food 

Variable  Estimate S.E. P- Value Estimate S.E. P- Value Estimate S.E. P- Value Estimate S.E. P- Value 

       1.051 0.09 0.00  0.643 0.10 0.00  0.821 0.10 0.00  0.535 0.10 0.00 

      -0.189 0.09 0.04  0.201 0.11 0.07  0.046 0.10 0.63  0.238 0.10 0.02 

       0.244 0.08 0.00  0.159 0.12 0.20  0.291 0.16 0.06  0.069 0.09 0.45 

         0.291 0.08 0.00  0.222 0.12 0.08  0.328 0.16 0.04  0.184 0.09 0.05 

     -0.557 0.52 0.29 -0.542 0.81 0.50 -0.258 1.06 0.81 -0.033 0.63 0.96 

        0.870 0.51 0.09  0.606 0.79 0.44  0.726 1.03 0.48  0.515 0.60 0.39 

constant   1.064 0.36 0.00  0.893 0.46 0.06  0.606 0.19 0.00  1.367 0.44 0.00 

Time   0.003 0.00 0.01  0.003 0.00 0.09  0.004 0.00 0.00  0.004 0.00 0.00 

  

   Leisure Transport Misc  

 Variable  Estimate S.E. P- Value Estimate S.E. P- Value Estimate S.E. P- Value  

       0.722 0.10 0.00  0.928 0.09 0.00 0.863 0.10 0.00  

       0.196 0.10 0.06 -0.145 0.09 0.11 0.023 0.10 0.81  

       0.389 0.11 0.00  0.235 0.23 0.31 0.130 0.08 0.12  

         0.162 0.12 0.18  0.951 0.24 0.00 0.170 0.08 0.05  

      0.285 0.72 0.70 -0.421 1.51 0.78 0.065 0.56 0.91  

        0.705 0.71 0.33  1.871 1.49 0.21 0.384 0.55 0.49  

 constant  0.476 0.33 0.15  1.359 0.36 0.00 0.732 0.30 0.02  

 Time  0.001 0.00 0.20  0.005 0.00 0.00 0.003 0.00 0.02  
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7. Robustness Checks 
 

This chapter aims to determine whether the results and conclusions in Chapter 6 will hold in 

scenarios where the variables or specifications within the regression equations differ. Three 

scenarios will be considered within this chapter. The first scenario accounts for the theoretical 

extreme where import categories are all assumed to possess a unit root with drift. This 

situation provides a polar extreme to the alternative ARDL model discussed in the previous 

chapter, where all import categories were assumed to follow a deterministic trend in the long 

run. The second robustness check performs the bounds test against the traditional log-linear 

import demand model presented in equation (1). This check aims to determine whether the 

results obtained in Chapter 6 are exclusive to the theoretical model I present in Chapter 4 and 

subsequently utilise throughout the paper. The final robustness check allows for interest rates 

to affect consumer import demand. 

 

7.1 Assuming A Stochastic Trend Across All Import Categories 

An inherent problem with the alternative ARDL model described in section 6.4 is its 

assumption that all six consumer import categories follow a deterministic time trend. 

However, as indicated in  both the individual and panel unit root tests presented in Chapter 4, 

this may not be the case. For example, the KPSS test provides evidence that imported 

electrical consumable, food, leisure and transport are non stationary at the 10% significance 

level. Furthermore, the Hadri(2000) & Hadri & Kurozumi(2009) panel data tests suggest that 

there is a high probability that all consumer import categories are not stationary around a 

deterministic trend. Similarly, short run results from the bounds test suggests that the error 

correction term is statistically significant for most import categories, thus indicating potential 

cointegration within the data. In this section, I will account for this shortcoming of the 
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alternative ARDL model by analysing the theoretically extreme scenario where import 

categories all follow a stochastic trend rather than a deterministic trend. This indicate whether 

conclusions in the alternative ARDL model are consistent with findings from the purely I(1) 

scenario. In order to achieve this objective, I will utilise a cointegration test based on 

Johansen(1995). 

 

The results for the Johansen cointegration test are presented in Tables 11 and 12 

below. Table 11 presents output for tests on the number of cointegrating relations between 

the real exchange rate, domestic consumption and the import category specified.  Three 

hypothesized situations are addressed within this table. The first situation deals with the 

scenario where no cointegration relationship amongst the variables, the second situation 

covers the scenario where two out of the three variables are cointegrated and the final 

situation relates to the situation were all three variables are cointegrated. According to the 

output from Table 11, there appears to be insufficient evidence to infer any cointegrating 

relationship between the real exchange rate, domestic consumption and clothing. This 

conclusion also applies to the case of imported leisure consumables. However there appears 

to be strong evidence to suggest that aggregate imports and food could be cointegrated with 

at least one of the real exchange rate or domestic consumption for both the Trace test and the 

Maximum Eigen Value test at the 5% level. Similarly, the eigen values associated with 

electrical imports, transport and miscellaneous consumer imports suggest that these import 

categories will pass a five percent significance level benchmark the Maximum Eigen Value 

Test and a ten percent significance level benchmark for the Trace test.  Given the likelihood 

that a large number of import categories may potentially be cointegrated with domestic 

consumption or the real exchange rate, applying the Johansen Cointegration test to each 

import category will be highly beneficial due to its ability to determine whether the analysis 
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described in Chapter 6 is purely a result of biased and inconsistent coefficient estimates 

arising from spurious regressions. 

 

Table 11: Tests for Cointegrating Relations With Domestic Consumption and the real 
Exchange Rate 

   Trace Test  Maximum Eigen Value Test 
 

Variable 

Hypothesized  

number of 

Cointegrating 

Equations 

  

Eigen 

Value 

 

Trace 

Stat 

 

P-Value 

  

Eigen 

Value 

 

Max Eigen 

Stat 

 

P-Value 

 

Aggregate 

None   0.210 29.65 0.05**  0.210 24.75 0.01** 

At most 1  0.039 4.89 0.82  0.039 4.14 0.84 

At most 2  0.007 0.75 0.39  0.007 0.75 0.39 

 

Clothing 

None   0.144 22.57 0.27  0.144 16.29 0.21 

At most 1  0.048 6.28 0.66  0.048 5.21 0.72 

At most 2  0.010 1.07 0.30  0.010 1.07 0.30 

 

Electrical 

None   0.193 27.59 0.09*  0.193 22.66 0.03** 

At most 1  0.044 4.92 0.82  0.044 4.82 0.76 

At most 2  0.001 0.10 0.75  0.001 0.10 0.75 

 

Food 

 

None   0.297 42.36 0.00**  0.299 37.60 0.00** 

At most 1  0.043 4.77 0.83  0.043 4.70 0.78 

At most 2  0.001 0.07 0.79  0.001 0.07 0.79 

 

Leisure 

None   0.066 12.88 0.90  0.066 7.14 0.95 

At most 1  0.051 5.74 0.73  0.051 5.46 0.68 

At most 2  0.003 0.28 0.60  0.003 0.28 0.60 

 

Transport 

None   0.215 29.37 0.06*  0.215 25.37 0.01** 

At most 1  0.034 4.00 0.90  0.034 3.67 0.89 

At most 2  0.003 0.33 0.56  0.003 0.33 0.56 

 None   0.199 28.06 0.08*  0.199 23.53 0.02** 

Misc At most 1  0.041 4.53 0.86  0.041 4.43 0.81 

At most 2  0.001 0.10 0.75  0.001 0.10 0.75 

** indicates evidence to reject hypothesis of no cointegrating equation at the 5% significant level 

* indicates evidence to reject hypothesis of no cointegrating equation at the 10% significant level 

 

 

Table 12 provides estimates for the cointegrating relations between imports, domestic 

consumption and the real exchange rate normalised around values of the logged import 

category. Estimates of cointegrating relations for leisure and clothing are excluded due to 

insufficient evidence of cointegration with at least one of domestically produced consumption 

and the real exchange rate in Table 11.  The output from Table 12 indicates that the real 

exchange rate is statistically significant at the 5% critical level for electrical and food 

imports. This feature is consistent with the main analysis of this paper, where both categories 
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were shown to have a long run relationship in levels with the real exchange rate. Similarly, 

the long run estimate for the real exchange rate is statistically insignificant at the five percent 

significance level for transport and miscellaneous consumer imports. Again, this is consistent 

with the bounds test results, where sufficient evidence to reject the hypothesis of a long run 

relationship in levels with the real exchange rate exists at the 5% significance level for the 

aforementioned import categories. Furthermore, domestic consumption is statistically 

significant for all import categories, as per the long run estimates expressed in the main body 

of this paper. However, it should be noted that the normalised cointegrating coefficients 

contradicts the bounds test results in one instance,  where the real exchange rate’s is revealed 

to be an insignificant determinant of aggregate consumer imports in the Johansen test.  

 

Nonetheless it should be noted that all estimated values obtained from the Johansen 

test, along with the inferences associated with them, are highly consistent with the long-run 

output from the bounds test. All coefficients for    in Table 12 appear to be almost identical 

to the long run estimates for the real exchange rate from the bounds test procedure. This also 

applies to the coefficients for domestic consumption. Furthermore, the coefficients for 

domestic consumption greatly exceed those for the real exchange rate across all import 

categories in Table 12. This feature supports the concept proposed by the bounds test result 

that the expected impact of fluctuations in the real exchange rate on imported demand are 

much smaller than fluctuations in aggregate economic activity as measured by domestic 

consumption. Finally, the coefficients for    appear to differ noticeably across each import 

category. For example, a percentage increase in the real exchange rate will increase the 

expected long run value of Electrical imports by 0.729 percent. Meanwhile, a percentage 

increase in the real exchange rate will yield a much smaller increase in the demand for 

imported food by 0.173 percent, which in itself is still distinctly larger than the 0.04 percent 
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increase associated with miscellaneous consumer imports.  The variations in the expected 

impact of a change in the real exchange rate on each import category support the concept of a 

non-uniform impact on different categories of consumer goods. Hence it appears reasonable 

to claim that the results obtained from the bounds test are highly consistent with the scenario 

where all variables are assumed to be non-stationary and of order one. 

 
Table 12: Long Run Estimates from the Johansen Test Normalised Around the Import 
Coefficient 

       
Category  Estimate Standard Error Estimate Standard Error 

Aggregate  -0.124 0.085 -2.642 0.052 

Electrical  -0.729 0.205 -3.102 0.127 

Food  -0.173 0.056 -2.159 0.035 

Transport  0.235 0.275 -2.920 0.168 

Misc  -0.046 0.091 -2.946 0.056 

 

 

 

7.2 The Traditional Log-Linear Import Demand Model 

 Another useful robustness check applicable to this paper is a comparison of the results 

presented in Chapter 4 against regressions where import demand follows the traditional log 

linear framework as described in this paper's literature review. For convenience, a general 

expression for this log-linear model is provided below: 

                                                                 (             )                                                       (  ) 

Here    refers to the log of a given import category at time t,     is the value of the log of 

the real exchange rate at time t and      is the log of GDP at time t. 

 

  The benefits of comparing the results from the main body of this paper against those 

of a traditional log-linear import demand model are twofold. Firstly, the comparison will act 

as a robustness check for the inferences obtained in the main body of this paper by assessing 

whether they still hold when different variables are applied to the consumer import demand 
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equation. Secondly, this section will provide evidence on whether domestic consumption 

provided better statistical qualities to import models than GDP.  

 

 In order to achieve these objectives, I will repeat the bounds test procedure with GDP 

values instead of domestic consumption values. GDP values are sourced from the ABS 

National Accounts (catalogue no. 5206). For the purpose of consistency, all empirical models 

will contain the same lag lengths as their counterparts in the main body of this paper. 

 

  The output from Table 13 provides overwhelming evidence against the presence of a 

long run relationship in levels between clothing, GDP and the real exchange rate. Similarly, 

there also appears to be strong evidence to reject the hypothesis of a long-run level 

relationship between leisure imports, GDP and the real exchange rate. These findings are 

highly consistent with the results from the first stage of bounds test presented in Chapter 6. 

Furthermore, Table 13 presents insufficient evidence to either accept or reject the notion of a 

long run relationship in levels between miscellaneous consumer imports, GDP and the real 

exchange rate. This inability to conclusively determine whether a long run relationship in 

levels exist between miscellaneous consumer imports, GDP and the real exchange rate is 

fairly consistent with the first stage of the bounds test in the main body of this paper 

 

   However Table 13 does provides evidence of a long run level relationship with GDP 

and the real exchange rate for aggregate imports, electrical imports, food and foreign 

transport devices at the 10% significance level, but not at the 5% significance level.  These 

findings differ marginally with the bounds test results in Chapter 6, where the F-tests on the 

aforementioned four categories provides sufficient evidence to infer a long run level 

relationship with domestic consumption and the real exchange rate at the 5% significance 
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level. This particular discrepancy might be explained by the fact that the domestically 

produced consumption variables  yields a greater statistical impact on import demand than 

GDP within the unrestricted error correction models utilised for the first stage of the bounds 

test. Therefore there exists the possibility that domestic consumption possesses a more 

noticeable impact on consumer import demand than GDP, thus validating the decision to 

model imports via domestically produced consumption within the main body of this paper. 

Nonetheless, it should still be noted that the "GDP" scenario and the "domestically produced 

consumer goods" scenario yields the same results if the first stage of the bounds test is 

conducted with a 10% significance level. 

 

 
Table 13: First Stage Bounds Test Results with GDP as the Aggregate Activity Variable 

Calculated F Statistic     

Aggregate 5.69     

Clothing 1.89     

Electric 5.38     

Food 5.70     

Leisure 2.31     

Transport 5.69     

Misc 4.93     

Critical Value Bounds: Unrestricted Intercept & Trend 

95% Level I(0) I(1)  90% Level I(0) I(1) 

k=2 4.87 5.85  k=2 4.19 5.06 

 

 

Estimates for the long run impact of fluctuations in GDP and the real exchange rate 

are presented in Table 14. Although the estimates for all import categories appears nominally 

larger than those in the main body of this paper as presented in Table 6, inferences regarding 

the relationship between the real exchange rate and consumer import demand are still 

consistent across both tables. For example, Table 14 suggests that the long run impact of a 

change in the real exchange rate is greatest for leisure imports. Meanwhile, the real exchange 

rate’s impact on transport is statistically insignificant at the 5% level. These two 

characteristics are also observable within Table 6. Finally, the fact that long run elasticities 
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with respect to the real exchange rate differs across import categories appears to support the 

concept of a  non-uniform impact of the real exchange rate across different import categories 

first suggested in Table 6. 

 

On another note, Table 14 suggests that GDP has a statistically significant impact on 

the demand for all import categories at the 5% significance level. Furthermore, the long run 

estimates for GDP are substantially greater than those associated with the real exchange rate 

for all four import categories, thus suggesting that changes in the demand for consumer 

imports are more sensitive to changes in GDP than the real exchange rate.  This feature is 

also consistent with the analysis from the main body of the paper as it supports the notion 

that, although the real exchange rate is likely to possess an impact on the demand for 

consumer imports, this impact is significantly smaller than the level of aggregate economic 

activity at that point in time.  

 
Table 14: Long Run Results with GDP as the Aggregate Economic Activity Variable  

Variable Import Category  Long Run Estimate  95% Confidence Interval 

  Lower Bound Upper Bound 

 

   

Aggregate  0.244   0.179 0.308 

Electric  0.819   0.679 0.960 

Food  0.205   0.131 0.279 

Transport  0.107  -0.080 0.292 

 

    

Aggregate  2.000    1.631 2.369 

Electric  2.960   2.189 3.731 

Food  1.550   1.115 1.985 

Transport  3.129   2.054 4.203 

 

 

The short run results are presented in Table 15. Here, the lag length for all regressions 

was fixed at two in order to remain consistent with the short run results presented in Table 7 

within the main body of this paper. Similarly, calculations for the error correction terms are 

consistent with the manner described in equation (24). 
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A few differences exist between short run results based on the traditional log linear 

model of import demand and the results presented in Table 7. For example, changes in the 

logged values of the real exchange rate are statistically insignificant at all lags for food. This 

contrasts with the short run results in Chapter 6, which presents weak evidence of statistical 

significance for the differenced, logged values associated with the real exchange rate. 

However, the most notable differences between the results in Table 15 and the results in table 

7 relate to the error correction terms. In the case of clothing and electrical consumer imports, 

the p-value for the error correction term is significantly smaller in Table 15 than in Table 7. 

This indicates that a long run equilibrium is more likely to be attainable for both clothing and 

electrical consumer imports using the traditional log linear import demand model, while also 

suggesting that GDP is much more likely to be cointegrated with the aforementioned two 

import categories than domestic consumption. In contrast, the opposite conclusion can be 

applied to aggregate consumer imports, where the p-value for the error correction term is 

greater in Table 15 than in Table 7. Similarly the statistical insignificance of the error 

correction term with regards to food suggests that a long run equilibrium may be unattainable 

if GDP is chosen over domestically produced consumption in an import demand model 

specific to food. Finally, the error correction coefficient with regards to transport in Table 15 

suggests that a deviation from the long run level of transport imports will be corrected by 5 

percent in the proceeding period. This rate is much smaller than the proposed 30 percent 

correction implied by the short run results in the main body of the paper.  

 

Nonetheless, conclusions regarding the short-run relationship between the real 

exchange rate and consumer import demand are highly consistent with those in the main body 

of this paper. According to Table 15, Short run elasticities with respect to the real exchange 

rate differ across each consumer import category. This feature is also observable within the 
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output in Table 7, thus supporting the concept of a non-uniform impact of the real exchange 

rate across different consumer import categories. Furthermore, the notion of a wealth effect 

governing the exchange rate sensitivities of each consumer import category is also reflected 

within the short run results reported in Table 15, where the coefficients associated with    , 

      and       appears to increase with the costs associated with purchasing goods within 

the respective import category. Finally, the coefficients associated with the real exchange rate 

variables are noticeably smaller than the coefficients associated with GDP. This reflects the 

notion advocated across this paper that while the real exchange rate is likely to possess a 

causal relationship with the demand for all consumer imports, aggregate economic activity- 

this time measured by GDP – is still a greater determinant of consumer import demand. 
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 Table 15: Short Run Results for the GDP Based Scenario 

  Aggregate Clothing Electric Food 

Variable  Estimate S.E. P- Value Estimate S.E. P- Value Estimate S.E. P- Value Estimate S.E. P- Value 

       0.027 0.10 0.79 -0.290 0.10 0.01 -0.027 0.10 0.79 -0.398 0.10 0.00 

       0.100 0.09 0.28 -0.058 0.10 0.57 -0.072 0.09 0.45 -0.090 0.10 0.38 

      0.285 0.08 0.00 0.230 0.12 0.06 0.279 0.16 0.08 0.122 0.10 0.21 

        0.286 0.09 0.00 0.159 0.12 0.19 0.190 0.16 0.24 0.144 0.10 0.14 

        0.071 0.09 0.43 0.227 0.12 0.07 -0.105 0.17 0.53 0.073 0.10 0.46 

       0.394 0.54 0.47 0.050 0.81 0.95 1.720 1.08 0.11 -0.090 0.65 0.89 

         0.977 0.53 0.07 -0.056 0.78 0.94 -0.158 1.04 0.88 0.011 0.62 0.99 

         0.074 0.54 0.89 1.538 0.79 0.05 1.070 1.06 0.32 0.530 0.63 0.40 

        -0.055 0.03 0.06 -0.099 0.05 0.03 -0.175 0.05 0.00 -0.024 0.02 0.27 

Constant  -0.927 0.49 0.06 -2.058 0.97 0.04 -6.473 1.82 0.00 -0.220 0.22 0.31 

 

   Leisure Transport Misc  

 Variable  Estimate S.E. P- Value Estimate S.E. P- Value Estimate S.E. P- Value  

        -0.252 0.10 0.02 0.047 0.10 0.64 -0.134 0.10 0.20  

        -0.132 0.10 0.21 0.119 0.09 0.18 -0.016 0.10 0.88  

       0.391 0.11 0.00 0.292 0.24 0.23 0.119 0.09 0.18  

         0.140 0.12 0.25 0.867 0.24 0.00 0.126 0.09 0.15  

         0.010 0.12 0.94 0.181 0.26 0.49 0.072 0.09 0.42  

        1.272 0.74 0.09 -0.088 1.55 0.95 0.877 0.59 0.14  

          -0.048 0.73 0.95 4.256 1.49 0.01 0.876 0.56 0.12  

          1.054 0.74 0.16 -0.857 1.58 0.59 0.069 0.57 0.90  

         -0.007 0.01 0.42 -0.091 0.05 0.05 -0.028 0.03 0.40  

 Constant  0.083 0.11 0.44 -3.047 1.52 0.05 -0.892 1.07 0.41  
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7.3 Accounting for The Impact of Interest Rates on Short Run Regressions 

 The main results from this paper are all based of equation (19), which suggests that 

import demand is solely a function of time, the real exchange rate and aggregate domestic 

consumption within the economy. The aforementioned expression has its roots in the 

assumption that the household discount factor,  , is always equal to the inverse of one plus 

the interest rate, (   ) and as a result, the two variables will cancel each other out. In this 

section, I will relax that assumption by considering a situation where it is possible for(    ) 

to deviate away from   in the short run. As a result, import demand in the short term now 

follows the below function: 

         ∑         

 

   

 ∑     (  )   

 

   

 ∑          

 

   

 ∑      (   )   

 

   

                                                                                         (  ) 

By explicitly accounting for interest rates, equation (29) allows for the possibility that 

unobserved factors may cause interest rates to temporarily deviate away from long term 

values as measured by the household discount factor. This notion appears to be consistent 

with recent findings within behavioural finance, where consumer sentiment and incomplete 

information may impact household consumption and saving decisions in a way that will not 

be picked up by financial markets.
5
. However, it should still be noted that interest rates do not 

affect consumer import demand in the long run. The rationale behind this decision is the same 

as discussed within Chapter 3 - the household discount factor must equal to the inverse of one 

plus the real interest rate to avoid the unrealistic situation where there is wither no savings 

within the economy in the long run or consumption in the long run does not exceed the level 

of autonomous consumption. 

                                                 
5 See Statman (1999); Baker & Wurgler (2007); Lin, Ho & Fang for further discussions on the impact of 
behavioural finance.  
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 Table 16 presents regression output based on equation (29). The error correction 

terms for the regressions in Table 16 were sourced from cointegrating relations obtained from 

the Johansen Cointegration test applied to the specific import category, the real exchange 

rate, domestically produced consumption and (one plus the real interest rate). As per the short 

run estimates in the bounds test procedure, I have fixed the lag lengths for the unrestricted 

error correction models at two.  

 

 The coefficients associated with the contemporaneous change in interest rates are 

statistically insignificant across all import categories.  Furthermore, any lag on the 

differenced, log values of interest rates is only ever statistically significant at the 10% level 

for electrical goods. Thus there is insufficient evidence to support the presence of a 

relationship between interest rates and imported consumer goods. Furthermore, estimates 

associated with changes in the growth rate of interest rates and its associated lags appear to be 

economically insignificant across all import categories. Hence it would appear safe to 

conclude that the inclusion of interest rates is somewhat redundant to the regression models.   

 

 Additionally, it appears that inferences regarding the impact of the real exchange rate 

on different types of consumer imports are highly consistent with the bounds test results 

presented in Chapter 6. For example, all coefficients associated with a contemporaneous 

change in the growth rate of the real exchange rate, as well as its associated lags, appear to 

differ across the consumer import categories. This re-emphasises the concept of a non-

uniform impact of the real exchange rate on imported consumables. Additionally, evidence 

that a wealth effect governing the elasticity of demand with respect to the real exchange rate 

can also be found in these regressions. This is exemplified by the finding that the transport 

category is most affected by movements in the real exchange rate, while food is the least.  
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 Finally, it would appear that any inferences regarding domestic consumption in this 

section are highly consistent with the bounds test results. For example, the statistical 

insignificance of changes in the growth rate of domestically produced consumption within the 

regressions relating to clothing, food, leisure and transport reaffirms the difficulties 

associated with quantifying the relationship between domestically produced consumption and 

consumer import demand. However, the expected impact of domestic consumption on 

consumer imports exceeds the impact of the real exchange rate for all import categories. This 

then reaffirms the conclusion obtained via the bounds test, where it is shown that while it 

may not be able to conclusively determine whether domestic consumption possesses a causal 

relationship with the demand for all consumer import categories, it can be expected that the 

impact of domestic consumption on consumer import demand in general will exceed the 

impact of the real exchange rate. As a result, pure price differentials are unlikely to be the 

main determinant of the growth in imported consumables within Australia. 
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Table 16: Short Run Results with the Inclusion of Interest Rates 

  Aggregate Clothing Electric Food 

Variable  Estimate S.E. P- Value Estimate S.E. P- Value Estimate S.E. P- Value Estimate S.E. P- Value 

        0.011 0.10 0.91 -0.279 0.11 0.01 -0.095 0.10 0.34 -0.399 0.13 0.00 

        0.073 0.09 0.44 -0.017 0.11 0.87 -0.072 0.10 0.46 -0.117 0.12 0.32 

       0.288 0.09 0.00  0.172 0.13 0.20  0.221 0.17 0.19  0.085 0.10 0.41 

         0.349 0.09 0.00  0.236 0.13 0.07  0.378 0.17 0.03  0.176 0.10 0.08 

         0.113 0.09 0.22  0.274 0.13 0.03  0.053 0.17 0.76  0.064 0.10 0.53 

     -0.710 0.59 0.23 -0.199 0.92 0.83  1.145 1.19 0.34  0.047 0.72 0.95 

        0.919 0.54 0.09  0.385 0.85 0.65  0.991 1.10 0.37  0.861 0.69 0.22 

        1.252 0.54 0.02  0.958 0.83 0.25  1.867 1.09 0.09  0.447 0.66 0.50 

 (   )   -0.015 0.03 0.57  0.040 0.04 0.34  0.029 0.06 0.60  0.001 0.03 0.99 

 (   )     -0.018 0.04 0.63 -0.052 0.05 0.34 -0.133 0.07 0.08 -0.012 0.04 0.78 

 (   )     -0.010 0.03 0.73 -0.062 0.04 0.16 -0.088 0.06 0.14 -0.027 0.03 0.41 

         0.007 0.01 0.50 -0.049 0.04 0.25 -0.103 0.04 0.01 -0.032 0.10 0.74 

Constant   0.648 0.96 0.50 -2.372 2.07 0.26 -7.654 2.69 0.01 -0.882 2.72 0.75 

 

   Leisure Transport Misc  

 Variable  Estimate S.E. P- Value Estimate S.E. P- Value Estimate S.E. P- Value  

        -0.259 0.11 0.02 -0.052 0.10 0.60 -0.093 0.10 0.37  

        -0.087 0.11 0.42  0.100 0.09 0.27  0.022 0.10 0.83  

        0.337 0.12 0.01  0.461 0.25 0.06  0.184 0.09 0.04  

          0.170 0.13 0.18  1.123 0.25 0.00  0.130 0.09 0.16  

          0.010 0.13 0.94  0.404 0.27 0.14  0.118 0.09 0.19  

       0.592 0.82 0.47 -1.811 1.72 0.29 -0.357 0.65 0.58  

         0.922 0.76 0.23  2.013 1.58 0.21  0.252 0.59 0.67  

         0.730 0.76 0.34  3.580 1.58 0.03  0.666 0.58 0.26  

  (   )    0.048 0.04 0.21 -0.098 0.08 0.22 -0.032 0.03 0.29  

  (   )     -0.025 0.05 0.63 -0.011 0.11 0.92  0.024 0.04 0.54  

  (   )     -0.022 0.04 0.60 -0.008 0.09 0.92  0.032 0.03 0.32  

         -0.028 0.02 0.24 -0.013 0.01 0.16 -0.028 0.02 0.07  

 Constant  -1.556 1.32 0.24  2.634 1.88 0.17  0.669 0.36 0.06  
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8. Conclusion  
 

 In summary, the results presented in Chapter 6 suggest that the exchange rate 

possesses a statistically and economically significant impact on all imported consumer goods 

in the short run. It should also be noted though that the impact of the real exchange rate will 

differ across various types of consumer goods. A plausible explanation for this phenomenon 

is that a consumer import’s sensitivity to the real exchange rate will be governed by a wealth 

effect, whereby the more expensive consumer imports are more likely to be effected 

movements in the real exchange rate. The diverse impact of the real exchange rate also 

extends to our long run analysis, as both the bounds test results and the analysis on import 

growth rates indicate that leisure, clothing and miscellaneous consumer imports do not 

possess a long term relationship with the real exchange rate. Hence, it would be safe to 

assume that although the real exchange rate affects the demand for all imports, at least in the 

short term, its impact is not the same across all consumer goods. Furthermore, the impact of 

the real exchange rate is still smaller than aggregate economic activity in both the short run 

and the long run, thus indicating that pure price differentials are unlikely to be the main factor 

driving the growth in imported consumables. Robustness checks accounting for non-

stationarity across all import categories, potential short run effects of interest rates as well as 

the effects of GDP confirms the findings I establish in the main body of this thesis. 

 

 This result yields potentially significant policy implications, especially with regards to 

the manner that the Goods and Services (GST) should be applied to imported goods and 

online purchases. The diverse impact of the real exchange rate on different import categories 

suggests that certain consumer imports are likely to be more price sensitive than others. As a 

result, it is highly probable that an application of a uniform tax on all types of imports will 
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create inefficiencies due to the potential deadweight losses associated with the more price 

sensitive imports. Another important implication of this paper is that the wealth effect I 

advocate throughout the paper suggests that applying a greater import tax on low cost goods 

might be economically efficient due to their relative price insensitivity as measured by the 

real exchange rate. Thus, according to the results in this thesis, recent suggestions by New 

South Wales treasurer Mike Baird to reduce the GST free threshold from $1000 to $30 

(Nicholls, 2012) might be economically reasonable as the deadweight losses associated with 

taxing low costs imports will be minimized due to their relative price insensitivities.  

 

 A second important finding is that certain import categories follow a deterministic 

trend rather than a random walk as suggested in the literature. This deterministic trend, which 

is attributed to changes in consumer preferences within the theoretical model described in 

Chapter 4, yield a statistically and economically significant impact on all import categories. 

Given that the vast majority of papers addressing Australian import demand were written in 

the early 1990's, the identification of deterministic trends within imports might be a symptom 

of systematic changes in the demand for Australian imports over the last two decades. This 

may be a result of Australia's increasing integration and dependence on the global economy. 

Thus further research might be required to ensure the economic literature accurately reflects 

current dynamics driving import demand. 

 

 However there are still several shortcomings inherent within this thesis that should be 

addressed in future research on this topic. A potential limitation of this thesis is the 

assumption of cross sectional independence across import categories that may be inferred 

from the single variates framework I utilise throughout this thesis. Macroeconomic 

applications of country and regional specific data often find evidence of correlation within 
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their dataset (Christidou & Panagiotidis, 2010). Thus it is highly plausible that the import 

categories possessing evidence of a unit root with drift might be correlated with each other. 

The inability to account for cointegration within import categories could potentially lead to 

spurious results, which may then bias estimates on the real exchange rate coefficients. 

Although Johansen cointegration tests were performed in Chapter 7 to determine whether 

each import category was correlated with domestic consumption and the real exchange rate, 

formal tests for cointegration amongst the import variables is absent from this thesis. Thus 

further research on this area may benefit from applications of panel based cointegration tests 

and multivariate regressions.  However, it should be noted that many multivariate techniques 

utilised within economic research requires all variables to be cointegrated. As this paper 

provides strong evidence to infer that several import categories are stationary around a 

deterministic trend, the application of a multivariate framework for assessing import demand 

must be considered carefully before it is applied to future research on this area.   

 

Another limitation associated with this thesis is its theoretical model’s inability to account for 

the situation where the coefficients associated with the time element in the trend stationary 

shocks to both domestic consumption and imports greatly exceeds the household discount 

rate. This situation is represented via the equations below: 

                                               

If this were to occur, a unit increase in either consumer imports or domestic consumption 

increase the representative household's utility function infinitesimally as    . This again is 

an unrealistic scenario. Hence future research on this area will benefit substantially 

calibration exercises that aim to determine whether the values for     and    are close enough 

to   to ensure that the consumer demand function can be properly modelled within this 

particular dynamic optimization framework.   
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Appendix A: Further Discussions of Each Consumer 
Import Category 
 

The following appendix provides a detailed description of the composition of the consumer 

categories utilised throughout this paper. All consumer import categories discussed in this 

paper were sourced from the balance of payments publications compiled by the Australian 

Bureau of Statistics (ABS). The ABS segregates each consumer import category in 

accordance with the United Nation's Classification by Broad Economic Categories (BEC). 

Information on each import category is further disaggregated based on the United Nations’ 

Standard International Trade Classification (SITC Rev3) scheme in order to provide a more 

concise description of all goods assigned to each consumer import category (ABS, 1998). 

The divisions are presented in Table 17 below: 

 
Table 17: Breakdown of Each Consumer Import Category by BEC code and SITC Rev 3 
Division 

Import Category  BEC Code  SITC Rev. 3 Section or Division 

Food & Beverages  112*, 122*  01*, 02*, 03*, 04*, 05*, 06*, 07*, 09*, 

11*, 42* 

Household Electrical Items  41*, 61*, 62*  76*, 77* 

Non-Industrial Transport   51,522                                   71*, 78*, 79* 

Textiles, Clothing, Footwear  61*, 62*, 63*  65*, 84, 85 

Toys, Books, Leisure  61*, 62*, 63*  89* 

Miscellaneous  61*, 62*, 63*  12*, 29*, 53*, 54*, 55*, 61*, 62*, 63*, 

64*, 66*, 69*, 72*, 74*, 77*, 82*, 83, 87*, 

88*, 89* 

Source: ABS catalogue No. 5331 

* contains parts only 
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Descriptions of each BEC code in accordance with the information presented on the United 

Nations Statistic Division's website (United Nations, 2002) is provided in Table 18 below: 

 

Table 18: BEC Codes and Their Definitions 

BEC Code  Detailed Description 

112  Food & beverages mainly for household consumption 

122  Food & beverages mainly for industry 

41  Capital goods (except for transport equipment) 

51  Transport equipment and parts and accessories thereof - passenger motor cars 

522  Other - non-industrial 

61  Consumer goods not elsewhere specified (durable) 

62  Consumer goods not elsewhere specified (semi-durable) 

63  Consumer goods not elsewhere specified (non durable) 

Source: United Nations Statistical Papers Series M, No. 53, Rev.3, New York, 2002 

 

 

 

Descriptions of each SITC section in accordance with the information presented on the 

United Nations Statistic Division’s website (United Nations, n.d.)
6
 is provided in Table 19 

below: 

 

Table 19: SITC Sections and Their Definitions 

SITC Section  Detailed Description 

01  Meat and meat preparations 

02  Dairy products and birds eggs 

03  Fish, crustaceans, molluscs and aquatic vertebrates and preparations thereof 

04  Cereals and cereal preparations 

05  Vegetables and fruits 

06  Sugars, sugar preparations and parts thereof 

07  Coffee, tea, cocoa, spices, and manufactures thereof 

09  Miscellaneous edible products and preparations 

11  Beverages 

12  Tobacco and tobacco manufactures 

29  Crude animal and vegetable materials 

42  Fixed vegetable fats and oils, crude, refined or fractionated 

53  Dyeing, tanning, and colouring materials 

54  Medicinal and pharmaceutical products 

55  Essential oils and resonoids and perfume materials; toilet, polishing and cleansing 

preparations 

61  Leather, leather manufactures n.e.s., and dressed furskins 

62  Rubber manufactures, n.e.s. 

63  Cork and wood manufactures (excluding furnitures) 

64  Paper, paperboard, and articles of paper pulp, of paper or of paperboard 

                                                 
6 <http://unstats.un.org/unsd/cr/registry/regcst.asp?cl=14> 
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65  Textile yarn, fabrics, made-up articles, n.e.s., and related products 

66  Non-metallic mineral manufactures, n.e.s. This contains glassware, pottery and 

pearls. 

69  Manufactures of metals, n.e.s. This includes metal containers for storage or 

transport, cutlery, tools for use in the hand or machines, fencing frils 

71  Power generating machinery and equipment 

72  Machinery specialized for particular industries. This contain paper cutting 

machines and printing and bookbinding machinery 

74  General industrial machinery and equipment, n.e.s., and machine parts, n.e.s. This 

includes heating and cooling equipment, pumps and taps 

76  Telecommunications and sound-recording and reproducing apparatus and 

equipment 

77  Electrical machinery, apparatus and appliances, n.e.s., and electrical parts thereof 

(including non-electrical counterparts, n.e.s., of electrical household-type 

equipment) 

78  Road vehicles 

79  Other transport equipment 

82  Furniture, and parts thereof; bedding, mattresses, mattress supports, cushions and 

similar stuffed furnishings 

83  Travel goods, handbags and similar containers 

84  Articles of apparel and clothing accessories 

85  Footwear 

87  Professional, scientific and controlling instruments and apparatus, n.e.s. 

88  Photographic apparatus, equipment and supplies and optical goods, n.e.s.; 

watches and clocks 

89  Miscellaneous manufactured articles, n.e.s. This includes Jewellery, goldsmiths' 

and silversmiths' wares; Arms and ammunition; Baby carriages, toys, games and 

sporting goods; Works of art, collectors' pieces and antiques; Musical instruments 

and parts and accessories thereof; records, tapes and other sound or similar 

recordings (excluding goods of groups 763 and 883) 
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Appendix B: Further Details on the Panel Based Unit Root 
Tests 
 

The following appendix provides mathematical explanations for conducting each panel based 

unit root test described in Chapter 4. Descriptions of all unit root tests are specific to the 

situation where the dataset contains both an unrestricted constant and unrestricted trend in 

order to reflect their applications within this paper.  

 

B1:The Im, Pesaran & Shin (2003)Test 
 

The Im, Pesaran & Shin (2003) test [henceforth known as the Im et al. (2003) test] involves 

performing separate augmented Dickey Fuller regressions on each time series. These 

regressions take the form specified in equation (30) below: 

                                                           (   )  ∑    (   )

 

   

                                  (  ) 

The null hypothesis for the Im et al. (2003) test is given as: 

                                

 

While the alternative hypothesis is defined below: 

                                             

                  
                                                                     

 

 

Thus, as indicated in chapter 4, the alternative hypothesis in the Im et al. (2003) test allows 

for unit roots in some, but not all, of the time series. As a result, Im et al. (2003) tests the 

hypothesis of unit roots being present in all cross sections against the alternative where at 

least one of the series is stationary. 
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After acquiring results for the separate augmented Dickey Fuller regressions, the desired test 

statistic is obtained by averaging the test statistics for   within each individual regression. 

This concept is portrayed below: 

                                                                          ̅̅ ̅̅  
 

 
∑   

 

   

                                                       (  ) 

Here    ̅̅ ̅̅  refers to the average of the test statistics for   , while    
 refers to the test statistic 

for   relevant to a specific cross section. 

 

Im, Pesaran & Shin then prove that given the assumption of cross sectional independence, 

   ̅̅ ̅̅  follows the standard normal distribution. 

  

B2: Hadri (2000)Test 

The Hadri (2000) test compares a null hypothesis of no unit roots in any of the time series 

against the alternative hypothesis where a common unit root exists within the panel dataset. 

This concept is expressed below: 

 

The first stage of the Hadri (2000) test involves the attainment of the residuals,     , from 

separate OLS regressions of each time series against a constant and a time trend. The form of 

the OLS regressions is provided below: 

                                                                                                                                  (  ) 

 

The LM statistic can then be calculated using the values for      as I specify in the equation 

below: 

                                                           

 
 

∑
 
  

 
   ∑ (    )

  
   

  ̂
                                           (  )   
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Here      ∑   ̂  
 
     refers to the cumulative sum of residuals,   ̂

 
 is a consistent estimator 

of the variance of     ,   is the length of each time series and   refers to the number of series 

within the dataset. 

 

Hadri(2000) then shows that under mild assumptions the test statistic, denoted Z,  can be 

written as follows: 

  
√ (    )

 
  (   ) 

where   
 

  
 and    

  

    
. 

 

 

B3: Pesaran (2007) Test 

Pesaran’s (2007) unit root test accounts for cross sectional dependence within the variables 

by extending the standard augmented Dickey-Fuller regressions to including cross sectional 

averages of lagged levels and first differences of the individual time series. The null and 

alternative hypothesis for this test is specified below: 

 

 The cross sectional averages of the individual time series from both a level and first-

difference perspective are calculated as per the expressions below: 

  ̅     ∑   

 

   

                                                  
̅̅ ̅̅ ̅     ∑    

 

   

  

 

 

 

Using the above formulas, the cross-sectional augmented Dickey Fuller equation can then be 

calculated as follows:  

                    (   )      ̅    ∑      ̅   

 

   

 ∑         (   )

 

   

               (  ) 
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Pesaran then utilises a cross-sectionally augmented version of the IPS test to assess the null 

hypothesis that all series contains a unit root. The test is defined below: 

 

     
 

 
∑  (   )

 

   

 

Here   (   ) refers to the t-statistic of the estimate on    in equation (34).  

 

The CIPS estimate is then compared to critical values computed by Pesaran for various 

scenarios, sample sizes and time series lengths. The critical values relevant to this paper 

appear in table II(c) on page 281 of Pesaran(2007) and relate to scenario where N=10 and 

T=100. This table is reprinted in Appendix E. 

 

B4: Hadri & Kurozumi (2009)Test 

Hadrit & Kurozumi employ the techniques discussed in Pesaran (2007) to devise a stationary 

test where the standard Kwiatkowski, Phillips, Schmidt & Shin (1992) test [KPSS test 

henceforth]  is augmented by the cross sectional average of the observations in order to 

account for cross-sectional dependence within the dataset. The regression equation for the 

Hadri & Kurozumi(2009) test then takes the following form: 

 

                             (   )            (   )        ̅          ̅                (  ) 

 

Here   ̅     ∑    
 
     refers to the cross sectional average of the observations. The null 

and alternative hypothesis for this test is the same as the Hadri (2000) test. 
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Using the error terms,    , from equation (35), an estimate of the long run variance is 

constructed as follows: 

                                                                  ̂    
  

 ̂  
 

(   ̂ )
                                                           (  ) 

           ̂     {  
 

√ 
 ∑   

 

   

}             ̂  
  

 

√ 
∑   

 

 

   

  

 

 

I then utilise the estimate of the long run variance in equation (36) to construct the following 

KPSS test statistic for each series: 

    
 

 ̂    
   

∑(   
 ) 

 

   

 

Here    
  ∑    ̂

 
    refers to the cumulative sum of residuals at each point in time for the 

relevant series. 

 

The test statistic for the entire panel dataset,   ,  is then constructed in a similar manner as     

Hadri (2000) and is presented below: 

   
√ (  ̅̅̅̅   )

 
  (   ) 

Here   ̅̅̅̅     ∑    
 
    is the average of the KPSS test statistics across  ,   

 

  
 and 
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Appendix C: Creating Long-Run Confidence Intervals 
 

A generic example of an ARDL model is provided in equation (38) below: 

                        ( )  ∑        

 

   

 ∑    (  )   

 

   

 ∑        

 

   

              (  )   

 

It should be noted that in the steady state,                             . The same 

condition applies to domestically produced consumption, where                   . 

Given these conditions, it can be inferred that the long run estimate with respect to the real 

exchange rate can be defined as below: 

                                                                              
∑    

 
   

  ∑    
 
   

                                                             (  )    

On a similar note, the long run estimate with respect to domestically produced consumption 

is acquired via the following expression: 

                                                                              
∑    

 
   

  ∑    
 
   

                                                            (  )    

 

In order to obtain estimates for expressions (38) and (39), the ARDL model in equation (37) 

must be transformed into the following format: 

   ∑      

 

   

      ( )  ∑        

 

   

 ∑      

 

   

 ∑    (  )   

 

   

 ∑        

 

   

 (∑    (  ) 

 

   

 ∑    (  ) 

 

   

)  (∑      

 

   

 ∑      

 

   

)     
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This then can be rearranged as follows: 

   
  

  ∑    
 
   

 
  

  ∑    
 
   

( )  ∑
   

  ∑    
 
   

 (  )  ∑
   

  ∑    
 
   

  

 

   

 

   

 ∑
   

  ∑    
 
   

(       )

 

   

 ∑
   

  ∑    
 
   

(         )

 

   

 ∑
   

  ∑    
 
   

(       )

 

   

                                                                       (  ) 

 

It should be noted that the terms associated with ∑    (       )
 
    may be a source of 

endogeneity within equation (40). To avoid this occurrence, I utilise forecasts of each 

(       ) as instrumental variables for the realised terms. These estimates are acquired via 

regressions of each (       ) value against                   , . 

                                    Hence the regression equation appears as follows: 

 

   
  

  ∑    
 
   

 
  

  ∑    
 
   

( )  ∑
   

  ∑    
 
   

 (  )  ∑
   

  ∑    
 
   

  

 

   

 

   

 ∑
   

  ∑    
 
   

(       )̂

 

   

 ∑
   

  ∑    
 
   

(         )

 

   

 ∑
   

  ∑    
 
   

(       )

 

   

                                                                 (  ) 

Here (       )̂  refer to the fitted values of (       ). 

Assuming a normal distribution, the 95% confidence interval for the long run impact of the 

real exchange rate is acquired by multiplying the standard errors relating to      by     . 

Similarly, the 95% confidence interval for the long run impact of the real exchange rate is 

also obtained by multiplying the standard errors relating to     by     . 
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Appendix D: Lag Length Changes to the Regressions 
Performed Throughout the Paper 
 

 

 
Table 20: Estimates for Long Run Elasticities - Two Lag. 

 

Variable 

 

Import Category 

  

Long Run Estimate  

 95% Confidence Interval 

  Lower Bound Upper Bound 

 

   

Aggregate     0.131   0.071  0.190 

Electric     0.656   0.534  0.777 

Food     0.174   0.106  0.242 

Transport    -0.031  -0.206  0.145 

 Aggregate     2.282   1.779 2.786 

  Electric     4.450   3.492 5.408 

 Food    1.895   1.342  2.448 

 Transport    2.519   1.009  4.030 
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Table 21: Estimates for Short Run Elasticities - One Lag 

  Aggregate Clothing Electric Food 

Variable  Estimate S.E. P- Value Estimate S.E. P- Value Estimate S.E. P- Value Estimate S.E. P- Value 

        0.184 0.09 0.05 -0.280 0.10 0.00 -0.080 0.10 0.41 -0.289 0.10 0.00 

       0.276 0.08 0.00  0.215 0.12 0.07  0.310 0.16 0.06  0.108 0.09 0.25 

         0.297 0.08 0.00  0.263 0.12 0.03  0.295 0.17 0.08  0.195 0.09 0.04 

     -0.419 0.53 0.43 -0.534 0.81 0.51  0.229 1.08 0.83  0.194 0.64 0.76 

        0.737 0.51 0.15  0.478 0.79 0.55  0.925 1.06 0.38  0.437 0.61 0.48 

        -0.110 0.04 0.01 -0.028 0.02 0.08 -0.037 0.02 0.06 -0.117 0.06 0.04 

Constant  -2.211 0.89 0.01 -0.272 0.17 0.11 -1.840 0.97 0.06 -1.929 0.92 0.04 

 

   Leisure Transport Misc  

 Variable  Estimate S.E. P- Value Estimate S.E. P- Value Estimate S.E. P- Value  

        -0.235 0.10 0.02  0.157 0.09 0.09 -0.029 0.10 0.78  

        0.427 0.11 0.00  0.251 0.23 0.28  0.124 0.08 0.15  

          0.179 0.12 0.14  0.974 0.23 0.00  0.156 0.09 0.07  

       0.419 0.72 0.56 -0.176 1.52 0.91  0.166 0.58 0.78  

         0.814 0.71 0.25  1.563 1.49 0.30  0.224 0.56 0.69  

         -0.011 0.01 0.35 -0.221 0.06 0.00 -0.085 0.05 0.11  

 Constant   0.077 0.08 0.33 -5.104 1.39 0.00 -2.562 1.59 0.11  
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Table 22: Estimates for Short Run Elasticities - Three Lag 

  Aggregate Clothing Electric Food 

Variable  Estimate S.E. P- Value Estimate S.E. P- Value Estimate S.E. P- Value Estimate S.E. P- Value 

        0.119 0.10 0.25 -0.346 0.11 0.00 -0.124 0.10 0.23 -0.287 0.11 0.01 

        0.172 0.10 0.08 -0.116 0.11 0.31 -0.107 0.10 0.30 -0.068 0.11 0.54 

        0.059 0.10 0.54 -0.148 0.11 0.17 -0.088 0.10 0.38 -0.062 0.10 0.54 

       0.252 0.08 0.00  0.237 0.13 0.06  0.241 0.17 0.15  0.110 0.09 0.25 

         0.322 0.08 0.00  0.195 0.13 0.14  0.311 0.17 0.08  0.179 0.10 0.07 

         0.087 0.09 0.34  0.298 0.13 0.02  0.019 0.18 0.91  0.082 0.10 0.40 

        -0.010 0.09 0.91  0.131 0.13 0.31  0.095 0.18 0.59  0.021 0.10 0.82 

     -0.786 0.55 0.15 -0.609 0.87 0.49  0.703 1.18 0.55 -0.542 0.68 0.43 

        0.704 0.54 0.19  0.306 0.86 0.72  0.964 1.15 0.40  0.854 0.66 0.20 

        1.026 0.54 0.06  1.003 0.85 0.24  2.311 1.14 0.05  0.137 0.67 0.84 

       -0.326 0.54 0.54  0.176 0.82 0.83  0.161 1.14 0.89 -0.364 0.63 0.56 

        -0.137 0.05 0.00 -0.033 0.02 0.05 -0.033 0.02 0.12 -0.100 0.06 0.09 

Constant  -2.755 0.93 0.00 -0.324 0.18 0.07 -1.686 1.07 0.12 -1.640 0.97 0.09 

 

   Leisure Transport Misc  

 Variable  Estimate S.E. P- Value Estimate S.E. P- Value Estimate S.E. P- Value  

        -0.259 0.11 0.02  0.121 0.10 0.22 -0.027 0.11 0.81  

        -0.072 0.11 0.51  0.303 0.10 0.00  0.102 0.11 0.35  

         0.020 0.11 0.85  0.062 0.10 0.52  0.177 0.10 0.09  

        0.406 0.12 0.00  0.044 0.23 0.85  0.146 0.09 0.10  

          0.206 0.13 0.11  0.957 0.23 0.00  0.137 0.09 0.13  

          0.022 0.13 0.86  0.274 0.26 0.29  0.102 0.09 0.26  

          0.116 0.13 0.36 -0.156 0.25 0.53  0.016 0.09 0.86  

       0.156 0.80 0.84 -0.969 1.54 0.53 -0.223 0.64 0.73  

         1.027 0.77 0.19  2.114 1.51 0.17  0.085 0.61 0.89  

         0.414 0.77 0.59  4.398 1.49 0.00  0.387 0.60 0.52  

        -0.270 0.76 0.72  0.260 1.53 0.87  0.301 0.58 0.61  

         -0.010 0.01 0.41 -0.324 0.07 0.00 -0.110 0.06 0.06  

 Constant   0.071 0.08 0.40 -7.510 1.68 0.00 -3.309 1.78 0.07  
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Table 23: Short Run Results for the Alternative ARDL Model - Four Lag. 

  Aggregate Clothing Electric Food 

Variable  Estimate S.E. P- Value Estimate S.E. P- Value Estimate S.E. P- Value Estimate S.E. P- Value 

       0.939 0.11 0.00  0.603 0.11 0.00 0.785 0.11 0.00  0.588 0.11 0.00 

       0.056 0.14 0.68  0.213 0.13 0.10 0.001 0.13 0.99  0.191 0.12 0.11 

      -0.111 0.14 0.43 -0.046 0.13 0.73 0.021 0.13 0.87 -0.016 0.12 0.89 

      -0.079 0.09 0.40  0.116 0.11 0.31 0.062 0.10 0.53  0.025 0.10 0.80 

       0.205 0.08 0.01  0.202 0.13 0.13 0.247 0.16 0.14  0.077 0.09 0.41 

         0.311 0.08 0.00  0.177 0.13 0.19 0.346 0.17 0.04  0.170 0.10 0.08 

         0.092 0.09 0.31  0.276 0.13 0.04 0.085 0.18 0.63  0.084 0.10 0.38 

        -0.017 0.09 0.84  0.111 0.13 0.41 0.164 0.17 0.34  0.015 0.09 0.87 

     -0.940 0.53 0.08 -0.612 0.88 0.49 0.071 1.18 0.95 -0.791 0.68 0.24 

        0.969 0.52 0.07  0.378 0.86 0.66 0.656 1.14 0.56  0.910 0.64 0.16 

        1.263 0.53 0.02  1.107 0.85 0.20 1.911 1.13 0.10  0.154 0.65 0.81 

       -0.043 0.53 0.94  0.296 0.83 0.72 0.168 1.12 0.88 -0.253 0.62 0.68 

Constant   1.487 0.40 0.00  0.654 0.54 0.23 0.576 0.22 0.01  1.280 0.48 0.01 

Time   0.004 0.00 0.00  0.002 0.00 0.32 0.004 0.00 0.01  0.004 0.00 0.01 

   Leisure Transport Misc  

 Variable  Estimate S.E. P- Value Estimate S.E. P- Value Estimate S.E. P- Value  

        0.716 0.11 0.00  0.789 0.11 0.00  0.806 0.10 0.00  

        0.177 0.13 0.18  0.185 0.13 0.16  0.144 0.13 0.28  

        0.077 0.13 0.56 -0.249 0.13 0.06  0.089 0.13 0.51  

       -0.048 0.11 0.66 -0.056 0.09 0.55 -0.198 0.10 0.05  

        0.378 0.12 0.00 -0.013 0.24 0.96  0.160 0.09 0.06  

          0.193 0.13 0.13  0.904 0.23 0.00  0.151 0.09 0.08  

          0.008 0.13 0.95  0.238 0.26 0.36  0.131 0.09 0.14  

          0.101 0.13 0.43 -0.219 0.25 0.39  0.054 0.09 0.54  

       0.057 0.80 0.94 -1.174 1.53 0.45 -0.362 0.61 0.55  

         0.920 0.78 0.24  2.947 1.54 0.06  0.235 0.60 0.69  

         0.326 0.77 0.67  5.013 1.51 0.00  0.554 0.58 0.35  

        -0.334 0.76 0.66  0.735 1.55 0.64  0.559 0.57 0.33  

 Constant   0.459 0.35 0.19  2.023 0.44 0.00  1.012 0.31 0.00  

 Time   0.001 0.00 0.24  0.007 0.00 0.00  0.004 0.00 0.00  
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Appendix E: Critical Values 
 
Table 24: Bounds Test Critical Values: Unrestricted Intercept and Unrestricted Trend* 

  0.10  0.05  0.01 

k  I(0) I(1)  I(0) I(1)  I(0) I(1) 

0 9.81 9.81 11.64 11.64 15.73 15.73 

1  5.59 6.26  6.56 7.3 8.74 9.63 

2  4.19 5.06  4.87 5.85  6.34 7.52 

3  3.47 4.45  4.01 5.07  5.17 6.36 

4  3.03 4.06  3.47 4.57  4.4 5.72 

5  2.75 3.79  3.12 4.25  3.93 5.23 

6  2.53 3.59  2.87 4.00  3.6 4.9 

7  2.38 3.45  2.69 3.83  3.34 4.63 

8  2.26 3.34  2.55 3.68  3.15 4.43 

9  2.16 3.24  2.43 3.56  2.97 4.24 

10  2.07 3.16  2.33 3.46  2.84 4.1 

* values sourced from table CI(v)  on page 301 of Pesaran, Shin & Smith (2001)  

 
Table 25: Pesaran (2007) Critical Values: Unrestricted Intercept and Unrestricted Trend 

* values sourced from table II(c)  on page 281 of Pesaran (2007)  

T/N 10 15 20 30 50 70 100 200 

       ̅̅ ̅̅ ̅̅ ̅̅        

10 -3.88 -3.61 -3.46 -3.30 -3.15 -3.10 -3.05 -2.98 

15 -3.24 -3.09 -3.00 -2.89 -2.81 -2.77 -2.74 -2.71 

20 -3.15 -3.01 -2.92 -2.83 -2.76 -2.72 -2.70 -2.65 

30 -3.10 -2.96 -2.88 -2.81 -2.73 -2.69 -2.66 -2.63 

50 -3.06 -2.93 -2.85 -2.78 -2.72 -2.68 -2.65 -2.62 

70 -3.04 -2.93 -2.85 -2.78 -2.71 -2.68 -2.65 -2.62 

100 -3.03 -2.92 -2.85 -2.77 -2.71 -2.68 -2.65 -2.62 

200 -3.03 -2.91 -2.85 -2.77 -2.71 -2.67 -2.65 -2.62 

       ̅̅ ̅̅ ̅̅ ̅̅        

10 -3.27 -3.11 -3.02 -2.94 -2.86 -2.82 -2.79 -2.75 

15 -2.93 -2.83 -2.77 -2.70 -2.64 -2.62 -2.60 -2.57 

20 -2.88 -2.78 -2.73 -2.67 -2.62 -2.59 -2.57 -2.55 

30 -2.86 -2.76 -2.72 -2.66 -2.61 -2.58 -2.56 -2.54 

50 -2.84 -2.76 -2.71 -2.65 -2.60 -2.58 -2.56 -2.54 

70 -2.83 -2.76 -2.70 -2.65 -2.61 -2.58 -2.57 -2.54 

100 -2.83 -2.75 -2.70 -2.65 -2.61 -2.59 -2.56 -2.55 

200 -2.83 -2.75 -2.70 -2.65 -2.61 -2.59 -2.57 -2.55 

        ̅̅ ̅̅ ̅̅ ̅̅          

10 -2.98 -2.89 -2.82 -2.76 -2.71 -2.68 -2.66 -2.63 

15 -2.76 -2.69 -2.65 -2.60 -2.56 -2.54 -2.52 -2.50 

20 -2.74 -2.67 -2.63 -2.58 -2.54 -2.53 -2.51 -2.49 

30 -2.73 -2.66 -2.63 -2.58 -2.54 -2.52 -2.51 -2.49 

50 -2.73 -2.66 -2.63 -2.58 -2.55 -2.53 -2.51 -2.50 

70 -2.72 -2.66 -2.62 -2.58 -2.55 -2.53 -2.52 -2.50 

100 -2.72 -2.66 -2.63 -2.59 -2.55 -2.53 -2.52 -2.50 

200 -2.73 -2.66 -2.63 -2.59 -2.55 -2.54 -2.52 -2.51 
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