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Abstract 
Currently, the price of oil is approaching its highest point since 2015. Based on the hypothesis 

that oil prices are cycling into a bull market, it is a natural deduction that the Norwegian 

Krone (NOK) will appreciate since Norway is one of the most important high-quality oil 

exporting countries. What will happen to Norway’s economy if NOK appreciates? To answer 

this question in its entirety, of course, would require a project great in scope. This study 

attempts to address a small part of the problem: the impact on Norway’s imports from the 

appreciation of the NOK. In another word, this paper is concerned with the price elasticity of 

Norway’s general imports. 

This paper established an economy model to explain the mechanism of how exchange rates 

affect imports. It also involved empirical research aimed at estimating the coefficient of price 

elasticity. To avoid the problem of endogeneity, a Vector Error Correction Model (VEC) 

model was first used, followed by the Granger causality test. It was found that there is one 

cointegrating relation and real exchange rate is the Granger cause of real import per unit of 

income. Finally, a model of a single equation Error Correction Model (ECM) was set up. 

Of cause there are a lot of things to improve. Any suggestion regarding errors in content and 

printing will be highly appreciated! 
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1 Introduction 
Currently, the price of oil is approaching its highest point since 2015. Major economies such 

as Europe and the United States are returning to the track of fast growing after the temporary 

recession caused by the United States’ financial crisis in 2008. At the same time, members of 

Organization of Petroleum Exporting Countries (OPEC) came to a preliminary agreement 

recently that their oil output is going to be reduced by 1200 thousand barrels per day. If this 

agreement comes to pass, next year’s oil market may be tightly balanced. The pivotal of oil 

price fluctuation is also expected to increase.  

Should the oil market cycle into a boom, the Norwegian Krone (NOK) will also appreciate 

since Norway is one of the major high-quality oil exporting countries. What will happen to 

Norway’s economy if NOK appreciates with the price of oil? This is an important topic in 

terms of the economic interests of the people of Norway. Of course, the question as a whole is 

a broad one which exceeds the scope of this thesis. However, this research addresses a small 

portion of it, which is whether Norway’s imports will be affected by the appreciation of the 

NOK.  

The study approaches the subject from both the theoretical and empirical perspectives. First, 

some major economic models related to this topic were collected, and a simplified model was 

developed as a guide to empirical research. Second, the study made use of a VEC model since 

it is not certain whether the real exchange rate is exogenous. A Granger causality test was also 

performed. Finally, a single equation ECM model was employed and both long-run and short-

run coefficients of the price elasticity of Norway’s real imports per Gross Domestic Product 

(GDP) were estimated. 
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2 Literature Review 
There has been a great deal of literature studying price elasticities in international trade. From 

a theoretical perspective, most of the literature has approached the issue through one of two 

general models: the imperfect substitutes model and the perfect substitutes model. (Goldstein 

and Khan 1985) presented these two models formally and addressed the main methodological 

problems in the specification of trade models. 

Leamer (1981) noted that, from an empirical perspective, it is not clear whether the 

coefficient estimated by a single regression is the elasticity of demand or the elasticity of 

supply. In most cases, it may be the hybrid of those two coefficients.  

While there are some empirical studies on the price elasticity of Norway’s imports, most of 

these are found in papers studying the price elasticities in developed countries. The earliest 

relevant paper of this kind was by (Houthakker and Magee 1969). This study used ordinary 

least-squares methods to analyse the demand elasticities for both imports and exports with 

respect to income and price for 15 countries. The data included annual observations made 

over the period 1951 to 1966. Their estimation of the income and price elasticity for 

Norway’s imports was 1.4 and -0.78, respectively, while the income and price elasticity for 

Norway’s exports was 1.59 and .2, respectively. 

(Bahmani-Oskooee and Alse 1994) applied the cointegration technique and ECM to the 

relationship between trade balance and the real effective exchange rate of 19 developed 

countries and 22 less-developed countries. They used quarterly data from 1971Q1 to 1990Q4 

for a total of 80 observations for each country. For Norway, they found there was no long-run 

relationship between the trade balance and the real effective exchange rate. 

Campa and Goldberg (2005) discussed several topics regarding exchange rate pass-through 

into import prices. First, they constructed a model in which the import price was a function of 

the exchange rate, the demand of the destination market, and export market wages. Then they 

used the quarterly data of 23 OECD countries from 1975 to 2003 to estimate the short-run and 

long-run elasticities of exchange rate pass-through into import prices. For Norway, the 

elasticities were 0.4 and 0.63, respectively. 
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(Huchet-Bourdon and Korinek 2011) examined the impact of exchange rates on bilateral trade 

in three large economies—China, the euro area and the United States. By applying an 

autoregressive distributed lag (ARDL) bounds-testing approach, they found that the value of 

trade between the United States and China was more affected by currency changes than that 

between the US-euro area and the euro area-China. 

Balsvik, Jensen et al. (2015) checked the labour market effects of import from China by 

constructing an index to estimate the exposure to import competition from China. They used 

OLS and found evidence of negative employment effects for low-skilled workers. However, 

they found no evidence of wage effects. 

(Bahmani‐Oskooee, Halicioglu et al. 2016) used monthly trade data from Jan, 1998 to Nov, 

2015 and the nonlinear version of the ARDL approach to cointegration and ECM to examine 

whether pound appreciations affect trade differently than do pound depreciations. However, 

they did not find any long-run asymmetric relationship in the UK-Norway trade balance 

model. 
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3 Economic Model 
We shall now discuss the model for income and price effects in foreign trade. This section 

draws heavily on Goldstein and Khan (1985). 

The imperfect substitutes model of the country i’s exports to, and imports from, the rest of the 

world (*) is formalized by a set of eight equations: 

( , , )d
i i i

I f Y PI P=   
1 3 2
, 0, 0f f f> <    

( * , , * )d
i i

X g Y e PX P e=   1, 3 2
0, 0g g g> <    

* * *[ (1 ), ]s
i

I h PI S P= +   
1 2

0, 0h h> <    

[ (1 ), ]s
i i i i

X j PX S P= +   
1 2

0, 0j j> <    

* (1 )
i i

PI PX T e= +     

* *(1 ) /
i

PI PX T e= +     

d s

i i
I I e=     

d s
i i

X X=     

These eight equations determine the quantity of imports demanded by country i (Ii
d); the 

quantity of country i’s exports demanded by the rest of the world (Xi
d); the quantity of 

imports supplied to country i from the rest of the world (Ii
s); the quantity of exports supplied 

from country i to the rest of the world (Xi
s); the domestic currency prices paid by importers in 

the two regions (PIi and PI*); and the domestic currency prices received by exporters in two 

regions (PXi and PX*). The exogenous variables are the levels of nominal income in the two 

regions (Yi and Y*); the price of (all) domestically produced goods in the two regions (Pi and 

P*); the proportional tariff (Ti and T*) and subsidy rates (Si and S*) applied to imports and 

exports in the two regions; and the exchange rate (e) linking the two currencies (expressed in 

units of country i’s currency per unit of the rest-of-the world’s currency). 
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4 A Model for Norway 
The below economic model is revised from (Backus, Kehoe et al. 1992). 

Considering the large scale of world’s economy, we suppose that the supply of world to 

Norway’s import market is infinite. The representative consumer in Norway maximizes her 

utility function by choosing how much to consume of domestic products ( H
t
c  ) and imported 

products ( F
t
c  ). The representative consumer maximizes an intertemporal utility function 

over time ( t
U  ) expressed as: 

{ , } { , }
( , )

H F H F
t t t t

s t H F

t t t
c c c c s t

Max U Max u c cβ
∞

−

=

= ∑  (1) 

In an open economy, we have the balance of payments (BOP) equation as below: 

*

1
* *H H H F

t t t t t t t t t t t
CA B B Y r B P c S P c I+= − = + − − −  (2) 

And below is a transversality condition, which excludes Ponzi games, (i.e. the fact that a 

consumer can freely consume all lifetime resources by borrowing forever without 

extinguishing his debt). 

1

1
lim( ) 0

1
T

t TT
B

r + +→∞
=

+
 (3) 

All the starred variables denote the foreign country while non-starred variables refer to 

Norway. β  is the consumer’s rate of time preferences (i.e. the subjective discount rate) 

which measures the individual’s impatience to consume; agents are free to borrow and lend at 

the same world interest rate r  ; 
1t

B + and t
B  denotes stock of foreign bonds held by 

Norway in this period and the next; t
Y  is Norway’s GDP; H

t
P is the price of Norway’s 

goods while *H

t
p  is price of the foreign goods. t

S  is the nominal exchange rate of Norway. 

t
I  is Norway’s investment. According to the equation of capital accumulation: 

1
*

t t t t
K I K Kδ+ = − +  (4) 
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Assume =0δ  , then 
1t t t

I K K+= −  (5) 

The resource constraint of the representative consumer becomes: 

*

1 1
*H H H F

t t t t t t t t t t t
Y P c S P c K K B B r B+ += + + − + − −  (6) 

The first order conditions for the individual’s problem are: 

*

1 1
( , ) ( - ）s t H F s t H H H H

t t s t t t t t t t t t t t t
s t s t

L u c c Y rB P c S P c K K B Bβ λ β
∞ ∞

− −
− + +

= =

= + + − − − + +∑ ∑  

(7) 

( ) 0s t H s t H
t t tH

t

L
u c P

c
β β λ− −∂ ′= − =

∂
 (8) 

*( ) 0s t F s t H

t t t tF

t

L
u c S P

c
β β λ− −∂ ′= − =

∂
 (9) 

From these two equations, we can get 
*

( )

( )

H H
t t
F H
t t t

u c P

u c S P

′
=

′
 , 

Where L  is the Lagrangian and s t
λ −  is the Lagrange multiplier associated with the budget 

constraint. Consider the following specific form of the instantaneous utility function: 

( , ) log logH F H F
t t t t

u c c c cθ= +  (10) 

These specifications yield to the following optimality condition for the intratemporal trade-

off: 

*

F H
t t
H H
t t t

c P

c S P
θ=  (11) 

In steady state and equilibrium of balance of payments, we have: 

1t t
K K+ =  and 

1t t
B B+ =  (12) 

The resource constraint becomes: 
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*H H H F
t t t t t t t
P c S P c Y rB+ = +  (13) 

We can solve out 
* *

( )

( )
=

( 1) ( 1)

t t
H

F t t t
t H H

t t t t
H
t

Y rB

Y rB p
c

S p S p

p

θ
θ

θ θ

+
+

=
+ +

 (14) 

Taking the logarithm of both sides, we get the linear equation: 

*( )
log log log log log log

1
F H Ht t
t t t tH

t

Y rB
c S P P

P

θ
θ

+
= + − − +

+
 (15) 

In this demand function, 

log F
t
c  is the logarithm of real imports, 

*log H
t
P  is the logarithm of the foreign country’s price index, 

 log H

t
P is the logarithm of Norway’s price index, 

log
t
S  is the logarithm nominal exchange rate between Norway and foreign countries, and  

( )
log t t

H
t

Y rB

P

+ is the logarithm of the real GNP of Norway. 
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5 Econometric Model 
For the purpose of empirical study, the import demand function is written schematically in 

steady state (i.e. ignoring the adjustment to equilibrium) as: 

1 2
Real import -real income of Norway (Nominal exchange rate +

price of foreign countries price of Norwa  +y )

t t t

t tt
e

π π=

−

−
 (16) 

Where  

Real import
t
is the logarithm real imports, 

price of foreign countries
t
is the logarithm of the foreign country’s price index, 

price of Norway
t

is the logarithm of Norway’s price index, 

Nominal exchange rate
t

is the logarithm of the nominal exchange rate between Norway 

and foreign countries, 

real income of Norway
t

is the logarithm of the real GNP of Norway. 

To simplify the empirical analysis, we will construct the variables in this way: 

Real import per unit of income Real import -real income of Norway
t t t
= (17) 

Real exchange rate Nominal exchange rate price of foreign countries

price of Norway

t t t

t

= +

−
 

(18) 

Thus, we get Norway’s import function: 

1 2
Real import per unit of income *Real exchange rate  +

t t t
eπ π= − (19) 

In this demand function,  

Real import per unit of income
t

 is the logarithm ratio of real quantity of import to 

Norway’s real GNP. 
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Real exchange rate
t

is the logarithm of the real exchange rate between Norway and foreign 

countries. 

t
e  is an independent and identically distributed ( i.i.d ) error term. 
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6 Data Description and Research 
Methods 

6.1 Choice of variable 
ConcerningReal import per unit of income

t
, this research collected Norway’s quarterly 

nominal import, price index, and nominal GDP data. Since this research focused on 

international trade, Norway’s export price index has been chosen as a representative for 

Norway’s price level. ThusReal import per unit of income
t

 is constructed according to 

the equation(17). 

Concerning   rate
t

Real exchange , this research collected Norway’s quarterly nominal 

exchange rate, price index and import price index. This aspect is constructed according to the 

equation(18). 

Therefore,   rate
t

Real exchange  is actually an effective indicator measuring Norway’s 

relative price level compared with foreign countries as a whole. The increase of this time 

series tells us that the real exchange rate is appreciating, which means the price level of 

foreign countries become higher compared with Norway’s price level on average. 

Since we are using quarterly data, we also include three seasonal dummy variables. In detail, 

they are constructed as below: 

{1 first quarter

0 other quarters
1Q =    

{1 sencond quarter

0 other quarters
2Q =  

{1 third quarter

0 other quarters
3Q =  
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6.2 Research methods 
First, I did a unit root test on both the series of Real import per unit of income

t
 and

  rate
t

Real exchange , since if they are not stationary, they may produce a result of pseudo-

regression.  

The second step was to discover whether there was a long-run equilibrium between these two 

series by means of a cointegration test. Since if there is a cointegrating relation, it would be 

not appropriate to take difference and set up Vector auto regression (VAR) model. 

Then, I set up a multivariable VEC model and performed a Granger causality test based on 

this VEC model. From this step, we can find out which variable is the Granger cause. 

Finally, an ECM model was set up and both long-run and short-run coefficients of the price 

elasticity of Norway’s real imports per GDP were estimated to make estimation of the price 

elasticity. 

 

6.3 Data sauce and description 
In consideration of the availability of data, this research collected data covering the period 

from the first quarter of 1988 to the fourth quarter of 2016. Thus, there are 116 observations 

in total. Data concerning Norway’s nominal imports, Norway’s import price index, and 

Norway’s export price index all come from Statistics Norway. The data concerning Norway’s 

nominal exchange rate index comes from Norges Bank, the central bank of Norway.  
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Figure 1. Norway’s nominal imports, 1988Q1-2016Q4, Data sauce: Statistics Norway 

The above figure exhibits the time series of Norway’s nominal imports in the last 28 years. In 

general, it was soaring, from around 52 billion kroner in the first quarter of 1988 to more than 

250 billion, an increase of about four times. The most impressive periods were from 2005 to 

2008 and from 2010 to 2015, when Norway’s nominal imports increased around 100 billion 

Kroner. The only significant decrease appeared from the fourth quarter of 2008 to the first 

quarter of 2010, which may have been due to the subprime crisis of the United States in 2008.  
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Figure 2. Norway’s export price index, 1988Q1-2016Q4, Data sauce: Statistics Norway 

Norway’s export price index kept stable before 2000, after which it moved upward, although 

there were some small descents during this process. Since the principal part of Norway’s 

exports is oil, the fluctuation of oil prices also has a significant impact on the fluctuation of 

Norway’s export price index. Therefore, besides diving during the period of the 2008 

financial crisis, it also plummeted during the cycle of decline of oil prices from 2014 to 2016. 

In general, the export price index has increased 1.5 times. 
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Figure 3. Norway’s nominal GDP, 1988Q1-2016Q4, Data sauce: Statistics Norway 

Norway’s nominal GDP increased more than three times in the last 28 years, with an average 

annual increase rate of around 10%. Some recessions occurred, as with the subprime crisis of 

2008. During the financial crises, the stock prices of Fannie Mae and Freddie Mac plunged, 

and the loss was transmitted to those financial institutions holding their bonds. The subprime 

crisis aggravated the turbulence of global financial markets, which did not recover until 2012. 

Nevertheless, we can see from the graph that Norway recovered rather quickly in 2010, after 

what was clearly only a short recession. 
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Figure 4. NOK’s nominal exchange rate, 1988Q1-2016Q4, Data sauce: Norges Bank, the central bank of 
Norway 

The nominal exchange rate of Norwegian kroner began to float freely, and the fluctuation 

range became larger from then on. Before 2013, it was fluctuating between the range of 90 to 

110. From 2013 to 2016, the exchange rate rose sharply, since Norway’s economy coming out 

of the recession showed a strong growth trend. The boom in oil prices, which promoted 

growth in exports and other economic areas, was one of the elements that helped to produce 

economic prosperity.  
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Figure 5. Norway’s import price index, 1993Q1-2016Q4, Data sauce: Statistics Norway 

From this graph, we can see that Norway’s import price index price increased from around 95 

to above 130—about 37%. There were some fluctuations, but increase is clearly the main 

trend, especially in the period of 2003 to 2017. This trend is generally in accordance with the 

world’s economic situation. 
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7 Empirical Analysis 

7.1 Econometric characteristics of the time series 
First, let us consider all the time series data one by one in the four graphs of Figure 6. Time 

series dynamics). 
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Figure 6. Time series dynamics 

These figures exhibit the two variables (Real import per unit of income
t

,

Real exchange rate
t

) both in levels and differences. The levels of these four variables drift 

throughout the whole process, as if they are randomly wandering about. However, the 

differences of the time series data always revert to the same average level of about zero. 

Therefore, these graphs suggest that both of them are I(1) series. 

7.2 Unit root test: ADF method 
Next, I formally performed the unit-root process test by means of an augmented Dickey Fuller 

test (ADF) (Dickey and Fuller 1979). As seen in the figure, the level values of the two time 

series both show an obvious tendency of increasing. Thus, we included a linear tendency in 

the process of testing. The lag structure in the ADF regression is selected using the Schwert 

information criterion. 4 and 2 lag terms are selected for the two level values, while 5 and 4 lag 

terms are selected for the two difference values. 

In EViews 9.0, the results for the two level values are as below:  
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The t statistic of log(  )  
t

Real import per GDP  is -3.058, whose absolute value is less than 

the 5% ADF test critical value -3.45. Thus, we cannot reject the null hypothesis that this time 

series has a unit root. 

The t statistic of   ratlog( e )
t

Real exchange  is -2.56, whose absolute value is less than the 

5% ADF test critical value -3.45. Thus, we cannot reject the null hypothesis that this time 

series has a unit root. 

The results for the two difference values are as below: 

The t statistic of log(  )  
t

Real import per GDP  is -5.06, whose absolute value is greater 

than the 5% ADF test critical value -3.45. Thus, we can reject the null hypothesis that this 

time series has a unit root. 

The t statistic of   ratlog( e )
t

Real exchange  is -5.8, whose absolute value is greater than 

the 5% ADF test critical value -3.45. Thus, we can reject the null hypothesis that this time 

series has a unit root. 

From the above, we can conclude that both of these two variables are I(1). See Appendix 

Table 2 Unit Root Tests.  

7.3 Lag lengths choice 
For the cointegration analysis of non-stationary time series, there are two ways to test: the EG 

two-step test (Granger 1986) and the systematic Johansen test (Johansen 1988). I used the 

Johansen test to determine the number of cointegration ranks. Since this test is very sensitive 

for different lag lengths, I estimated a VAR model to choose the best lag length. 

Four VAR models with 1 to 4 lag lengths were estimated. The results are listed below: 

  Lag 1   Lag 2   Lag 3   Lag 4   

  real 
import 
per unit 
of income 

real 
exchange 
rate 

real 
import 
per unit 
of income 

real 
exchang
e rate 

real 
import 
per unit 
of income 

real 
exchange 
rate 

real 
import 
per unit 
of income 

real 
exchange 
rate 
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real 
import 
per unit 
of 
income 
(-1) 

 0.719477
* 

 0.032214  0.409082
* 

 0.05052
4 

 0.436577
* 

 0.036157  0.451207
* 

 0.038310 

 
 0.09390  0.08066  0.13929  0.12300  0.15174  0.13376  0.15384  0.13622 

real 
exchang
e rate   
(-1) 

-
0.244228
* 

 1.015673
* 

 0.421859
* 

-
0.04632
8 

 0.449759
* 

-
0.057164 

 0.382385
* 

-
0.068441 

 
 0.08661  0.07441  0.13856  0.12236  0.15789  0.13918  0.17076  0.15121 

real 
import 
per unit 
of 
income 
(-2) 

  
-
0.655661
* 

 1.21232
* 

-
0.050839 

 0.015736 -
0.132423 

 0.005748 

   
 0.16217  0.14321  0.15136  0.13343  0.17063  0.15109 

real 
exchang
e rate   
(-2) 

  
 0.512728
* 

-
0.22479
1 

-
0.618356
* 

 1.176746
* 

 0.156854  0.014306 

   
 0.16431  0.14510  0.17212  0.15173  0.15290  0.13539 

real 
import 
per unit 
of 
income 
(-3) 

    
 0.493666
* 

-
0.115059 

-
0.606036
* 

 1.171633
* 

     
 0.22146  0.19522  0.17478  0.15476 

real 
exchang
e rate   
(-3) 

    
-
0.011812 

-
0.084966 

 0.443061
* 

-
0.127525 

     
 0.17459  0.15391  0.22858  0.20240 
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real 
import 
per unit 
of 
income 
(-4) 

      
-
0.130381 

-
0.049628 

       
 0.23165  0.20512 

real 
exchang
e rate   
(-4) 

      
 0.176456 -

0.023582 

       
 0.17685  0.15660 

C -
1.491677
* 

 0.111982 -
0.891625 

-
0.04788
5 

-
0.859614 

-
0.108148 

-
0.744988 

-
0.141926 

 
 0.50901  0.43728  0.52662  0.46505  0.55109  0.48580  0.57391  0.50818 

Q1 -
0.007335 

-
0.005469 

-
0.017012 

-0.00823 -
0.014251 

-
0.007425 

-
0.001801 

-
0.005292 

 
 0.01693  0.01454  0.01702  0.01503  0.01998  0.01761  0.02298  0.02035 

Q2  0.072665
* 

-
0.000249 

 0.063606
* 

-
0.00398
3 

 0.069288
* 

-
0.006284 

 0.071115
* 

-
0.004424 

 
 0.01762  0.01514  0.01775  0.01568  0.02346  0.02068  0.02390  0.02116 

Q3  0.054583
* 

-
0.018493 

 0.078200
* 

-
0.02392
4 

 0.083559
* 

-0.02572  0.079493
* 

-
0.025563 

 
 0.01656  0.01423  0.01755  0.01550  0.02057  0.01814  0.02145  0.01899 

AIC -
2.641217 

-
2.944991 

-
2.694627 

-
2.94331
7 

-
2.659516 

-2.91173 -
2.626582 

-
2.869841 

SC -
2.498004 

-
2.801777 

-
2.502613 

-
2.75130
3 

-
2.418154 

-
2.670368 

-
2.335315 

-
2.578574 

Variances in the second line of each variable 
     

* 
p<0.05 

        

Table 1. VAR model results 

According to the AIC and SC, I chose 2 periods as the best lag lengths. 
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7.4 Cointegration analysis 
Next, I performed the Johansen cointegration test (Johansen 1988) with lag lengths of 2. 

Appendix Table 4 displays the test results of both the trace test and the max-eigenvalues test. 

We used these two tests to determine the number of cointegration ranks.  

Observing the results of the trace test we find the following result. The null hypothesis of 

none means there is no cointegrating relation. The trace statistic is 22.09, which is greater 

than the critical value of 20.26, and the P value is 0.028. Thus, we can reject the null 

hypothesis and conclude that the cointegration rank is at least one. The next null hypothesis of 

at most 1 means there is at most one cointegrating relation. The trace statistic calculated under 

this hypothesis is 1.46, which is less than the critical value of 9.16, and the P value is 0.88. 

Therefore, we cannot reject the null hypothesis, for there may be one cointegrating relation. 

The above analysis tells us we can conclude that there is one cointegrating relation between 

   
t

Real import per GDP  and   rate
t

Real exchange  based on the trace test. 

The procedure of the maximum eigenvalue test is similar to the procedure of the trace test. In 

this research, the result of the maximum eigenvalue test was the same as that of the trace test, 

which is that the cointegration rank is one. 
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7.5 VEC model 
Table 5 displays the cointegration equation. The standardized cointegration equation is the 

one with the coefficient of the first variable being standardized to 1. Therefore, our 

cointegration equation can be written as: 

   5.620 0.9245*   rate  )
t t

Real import per GDP Real exchange= −  

From this equation, I can conclude that these two variables are negatively related in the long-

run equilibrium. When the real exchange rate, which is actually the relative price of foreign 

commodities compared with Norway’s price, increases by 1%, Norway’s real import per GDP 

will decrease 92.45% on average. The t-statistic of the coefficient is 14.61, which means we 

can reject the null hypothesis under the 5% significant level. 

Table 5 also exhibits the cointegrating relation in the form of the error correction term as 

below: 

Co intEQ 1    0.9245*   rate 5.620)  
t t

Real import per GDP Real exchange= −+   

The next part of Table 5 shows the detailed coefficient vector of the VEC model. In the VEC 

model, the explaining variables are not the original time series, but are instead the differenced 

time series (named with D as the first character). Although the original time series was non-

stationary, the differenced series promised the whole model be stationary. The only difference 

is that the VEC model added the error correction term Co intEQ 1  in a VAR model. 

From the EViews result, our VEC model can be written as: 

1

1 1 2

3

0.1759 0.4231 0.5062 0.01851 0.0618 0.0771
int + +e ;

0.01253 0.04780 0.2168 0.0064 0.0018 0.225

(Real  import per GDP )
=  

(Real  exchange rate )

t t t t

t

t

t

Q

Y Co EQ Y Q

Q

D
Y

D

− −

 
      − − − −

∆ = + ∆       − − −       
 

 
∆  
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The meaning of the estimated coefficient before the error correction term is as follows: 

The first coefficient -0.1759 means the real import per GDP is adjusted about 17.59% of the 

error correction term in one quarter if the real exchange rate is unaltered. The second 

coefficient 0.01253 means the real exchange rate will increase 1.25% of the error correction 

term in one quarter if the real import per GDP is unaltered.  

7.6 Granger causality test 
Table 6 is the result window of the Granger causality test (Granger 1969). From the statistical 

test result, we can see that   rate
t

Real exchange is the Granger cause of

   
t

Real import per GDP . With a P value of 0.0013, this Granger causality is very 

significant. The lag terms of   rate
t

Real exchange  can explain or predict 

   
t

Real import per GDP  very well. This is consistent with our import demand theory. 

On the other hand, the testing result shows that    
t

Real import per GDP  is not the Granger 

cause of   rate
t

Real exchange , which means    
t

Real import per GDP  can’t explain or 

predict   rate
t

Real exchange . The first reason may be that   rate
t

Real exchange  is 

mainly controlled by the central bank through monetary policy due to price stickiness, and is 

therefore exogenous as a result. The second reason may be that Norway’s imports are still 

relatively small when compared with the supply of the rest of the countries of the world. 

Therefore, it is very hard to find that    
t

Real import per GDP  affect 

  rate
t

Real exchange  significantly. 
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7.7 Single equation model 
As an alternative to the systems analysis, a single equation approach can also be adopted. An 

autoregressive distributed-lag model has been formulated as below: 

1 2 1 2 1 2 3
0.93 0.86 0.45 0.38 0.39 0.32 0.02 0.06 0.06

Real import per GDP , Real exchange rate

t t t t t t

t t t t

Y X Y Y X X Q Q Q

Y X

− − − −= − − + + + + − + +

= =

 

This equation is well-specified. All the t-statistics are significant. From the perspective of the 

whole model, the F-statistic is 941.22, with the corresponding P value of 0.000. Thus, we can 

reject the null hypothesis of all the explaining variables are 0. R square and adjusted R square 

are both above 98%, which means the model fits well with the data generally. 

Figure 7 is the graph of fitted values, actual values, and residuals. Generally speaking, the 

model fits well and the residuals display no obvious autocorrelation or heteroscedasticity. 
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Figure 7. Actual, fitted, and residual graph 
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Figure 8. Residuals normality test 

Figure 8 is the graph of the residuals normality test. In this graph, the distribution of the 

residuals seems to be normal. The Jarque-Bera statistic is 5.72, with a P value of 0.057, which 

is greater than the 5% significant level. Thus, we cannot reject the null hypothesis of the 

normal distribution of the residuals. 

Appendix Table 8 is the LM test of the residuals’ autocorrelation. The P value of this F-

statistic is 0.95, which means we cannot reject the null hypothesis that no serial 

autocorrelation exists. 

Appendix Table 10 is the heteroscedasticity test of the residuals. The P value of this F-statistic 

is 0.95, which means we cannot reject the null hypothesis that no heteroscedasticity exists. 

To help interpret the results, it is convenient to reparametrize the equation to an equilibrium-

correction form to find the cointegrating relation. This is done below: 

1 1 1 1

1 2 3

0.17( 0.88 5.47) 0.86 0.38 0.32

0.02 0.06 0.06

Real import per GDP , X Real exchange rate

t t t t t t

t t t t

Y Y X X Y X

Q Q Q

Y

− − − −∆ = − + + − ∆ − ∆ − ∆

− + +

= =

 

This ECM equation tells us that t
Y∆  is determined by the error correction term, t

X∆  and 

the two lag terms t
X∆

1t
Y −∆ . If the error correction term is not zero, the model deviated from 

equilibrium. The coefficient of 0.17 in front of the error correction term indicates that 17% of 

the difference is adjusted in one quarter. From this EMC model, we can also conclude that for 
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Norway’s real import per GDP, the long-run price elasticity is -0.88, and the short-run price 

elasticity is -0.86. 

7.8 Discussion 
These two elasticity coefficients show the sensitivity of Norway’s real import per unit of 

income to real exchange rate. Just as Campa and Goldberg (2005) have found, price elasticity 

enters the final equation with the expected minus signs and all of them are significant. 

Specifically, long-run price elasticity is -0.88, which means in the long run, if the real 

exchange rate depreciates 10%, or in other words if the foreign price level falls by 10%, the 

real import per unit of income will increase 8.8%. Short-run price elasticity is -0.86, which 

means in the short run, if the real exchange rate depreciates 10%, or in other words if the 

foreign price level is reduced by 10%, the real import per unit of income will increase 8.6%. 

Since this paper used a real import per unit of income is used instead of real import, the 

specific number are a little different from Campa and Goldberg (2005) have found.  

Thus, Norway’s real import per unit of income is not elastic to the real exchange rate. 

Relative price is not the determining factor of commodity flow. 

If we make a hypothesis of price stickiness, which means that price will keep stable in the 

short run, the real exchange rate will depreciate when the Norwegian krone appreciates with 

the price of oil. According to the estimated equation above, import per unit of income is 

expected to increase, which may be harmful to Norway’s employment. A suggestion for the 

Norway central bank may be that it could undertake active monetary policies to offset this 

unfavourable effect. 
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8 Conclusion 
This paper proposed a new theoretical model based on the imperfect substitutes model. From 

an empirical perspective, it utilized quarterly data from the first quarter of 1988 to the fourth 

quarter of 2016. The price elasticity of Norway’s import per unit of income was estimated in 

an ECM framework. To avoid the endogenous problem, a VEC model and Granger causality 

test were also performed. 

The results showed that the signs of both long-run and short-run price elasticity are negative, 

which is in line with the theoretical expectation. Specifically, long-run elasticity is -0.88 and 

short-run elasticity is -0.86. Both are less than 1, meaning that real import per unit of income 

is not sensitive to the real exchange rate. 

The final equation is robust in the autocorrelation of residuals, heteroscedasticity, and the 

normality test. In general, it has a high goodness of fit. 
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Appendices 
Null Hypothesis: LN_REAL_IMPORT_PER_GDP has a unit root 
Exogenous: Constant, Linear Trend 
Lag Length: 4 (Automatic - based on SIC, maxlag=12) 

     
        t-Statistic   Prob.* 
     
     Augmented Dickey-Fuller test statistic -3.058209  0.1216 

Test critical values: 1% level  -4.042819  
 5% level  -3.450807  
 10% level  -3.150766  
     
     *MacKinnon (1996) one-sided p-values. 
     
     

Augmented Dickey-Fuller Test Equation 
Dependent Variable: D(LN_REAL_IMPORT_PER_GDP) 
Method: Least Squares  
Date: 04/25/18   Time: 13:27  
Sample (adjusted): 1989Q2 2016Q4 
Included observations: 111 after adjustments 

     
     Variable Coefficient Std. Error t-Statistic Prob.   
     
     LN_REAL_IMPORT_PER_GDP(-1) -0.152473 0.049857 -3.058209 0.0028 

D(LN_REAL_IMPORT_PER_GDP(-1)) -0.000893 0.092153 -0.009688 0.9923 
D(LN_REAL_IMPORT_PER_GDP(-2)) -0.011248 0.091398 -0.123068 0.9023 
D(LN_REAL_IMPORT_PER_GDP(-3)) 0.030591 0.090040 0.339745 0.7347 
D(LN_REAL_IMPORT_PER_GDP(-4)) 0.488084 0.088763 5.498725 0.0000 

C -0.269391 0.091524 -2.943388 0.0040 
@TREND("1988Q1") 0.001348 0.000501 2.692019 0.0083 

     
     R-squared 0.283935     Mean dependent var 0.004809 

Adjusted R-squared 0.242624     S.D. dependent var 0.076051 
S.E. of regression 0.066185     Akaike info criterion -2.531739 
Sum squared resid 0.455567     Schwarz criterion -2.360868 
Log likelihood 147.5115     Hannan-Quinn criter. -2.462422 
F-statistic 6.873046     Durbin-Watson stat 1.879145 
Prob(F-statistic) 0.000004    

     
      

Null Hypothesis: D(LN_REAL_IMPORT_PER_GDP) has a unit root 
Exogenous: Constant   
Lag Length: 5 (Automatic - based on SIC, maxlag=12) 

     
        t-Statistic   Prob.* 
     
     Augmented Dickey-Fuller test statistic -5.057308  0.0000 

Test critical values: 1% level  -3.491345  
 5% level  -2.888157  
 10% level  -2.581041  
     
     *MacKinnon (1996) one-sided p-values. 
     
     

Augmented Dickey-Fuller Test Equation 
Dependent Variable: D(LN_REAL_IMPORT_PER_GDP,2) 
Method: Least Squares  
Date: 04/25/18   Time: 13:32  
Sample (adjusted): 1989Q4 2016Q4 
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Included observations: 109 after adjustments 
     
     Variable Coefficient Std. Error t-Statistic Prob.   
     
     D(LN_REAL_IMPORT_PER_GDP(-1)) -1.231304 0.243470 -5.057308 0.0000 

D(LN_REAL_IMPORT_PER_GDP(-1),2) 0.158516 0.223165 0.710308 0.4791 
D(LN_REAL_IMPORT_PER_GDP(-2),2) 0.136951 0.210242 0.651395 0.5163 
D(LN_REAL_IMPORT_PER_GDP(-3),2) 0.062575 0.177154 0.353224 0.7246 
D(LN_REAL_IMPORT_PER_GDP(-4),2) 0.445651 0.140011 3.182978 0.0019 
D(LN_REAL_IMPORT_PER_GDP(-5),2) 0.237002 0.098468 2.406906 0.0179 

C 0.005933 0.006498 0.913047 0.3634 
     
     R-squared 0.681604     Mean dependent var -0.000477 

Adjusted R-squared 0.662874     S.D. dependent var 0.114317 
S.E. of regression 0.066375     Akaike info criterion -2.524915 
Sum squared resid 0.449381     Schwarz criterion -2.352076 
Log likelihood 144.6079     Hannan-Quinn criter. -2.454823 
F-statistic 36.39257     Durbin-Watson stat 2.031673 
Prob(F-statistic) 0.000000    

     
      

Null Hypothesis: LN_REAL_EXCHANGE_RATE has a unit root 
Exogenous: Constant, Linear Trend 
Lag Length: 2 (Automatic - based on SIC, maxlag=12) 

     
        t-Statistic   Prob.* 
     
     Augmented Dickey-Fuller test statistic -2.559551  0.2996 

Test critical values: 1% level  -4.041280  
 5% level  -3.450073  
 10% level  -3.150336  
     
     *MacKinnon (1996) one-sided p-values. 
     
     

Augmented Dickey-Fuller Test Equation 
Dependent Variable: D(LN_REAL_EXCHANGE_RATE) 
Method: Least Squares  
Date: 04/25/18   Time: 13:36  
Sample (adjusted): 1988Q4 2016Q4 
Included observations: 113 after adjustments 

     
     Variable Coefficient Std. Error t-Statistic Prob.   
     
     LN_REAL_EXCHANGE_RATE(-1) -0.097268 0.038002 -2.559551 0.0119 

D(LN_REAL_EXCHANGE_RATE(-
1)) 0.191693 0.094927 2.019377 0.0459 

D(LN_REAL_EXCHANGE_RATE(-
2)) 0.160000 0.096159 1.663919 0.0990 
C -0.394541 0.151025 -2.612417 0.0103 

@TREND("1988Q1") -0.000910 0.000408 -2.228226 0.0279 
     
     R-squared 0.091300     Mean dependent var -0.006729 

Adjusted R-squared 0.057644     S.D. dependent var 0.053905 
S.E. of regression 0.052328     Akaike info criterion -3.019322 
Sum squared resid 0.295730     Schwarz criterion -2.898641 
Log likelihood 175.5917     Hannan-Quinn criter. -2.970351 
F-statistic 2.712770     Durbin-Watson stat 2.028147 
Prob(F-statistic) 0.033712    
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Null Hypothesis: D(LN_REAL_EXCHANGE_RATE) has a unit root 
Exogenous: Constant   
Lag Length: 4 (Automatic - based on SIC, maxlag=12) 

     
        t-Statistic   Prob.* 
     
     Augmented Dickey-Fuller test statistic -5.804701  0.0000 

Test critical values: 1% level  -3.490772  
 5% level  -2.887909  
 10% level  -2.580908  
     
     *MacKinnon (1996) one-sided p-values. 
     
     

Augmented Dickey-Fuller Test Equation 
Dependent Variable: D(LN_REAL_EXCHANGE_RATE,2) 
Method: Least Squares  
Date: 04/25/18   Time: 13:37  
Sample (adjusted): 1989Q3 2016Q4 
Included observations: 110 after adjustments 

     
     Variable Coefficient Std. Error t-Statistic Prob.   
     
     D(LN_REAL_EXCHANGE_RATE(-1)) -0.959616 0.165317 -5.804701 0.0000 

D(LN_REAL_EXCHANGE_RATE(-1),2) 0.124177 0.154369 0.804414 0.4230 
D(LN_REAL_EXCHANGE_RATE(-2),2) 0.220256 0.138881 1.585932 0.1158 
D(LN_REAL_EXCHANGE_RATE(-3),2) 0.277236 0.121367 2.284288 0.0244 
D(LN_REAL_EXCHANGE_RATE(-4),2) 0.340095 0.091833 3.703383 0.0003 

C -0.006143 0.004945 -1.242381 0.2169 
     
     R-squared 0.484899     Mean dependent var -0.000250 

Adjusted R-squared 0.460135     S.D. dependent var 0.068810 
S.E. of regression 0.050559     Akaike info criterion -3.078358 
Sum squared resid 0.265844     Schwarz criterion -2.931059 
Log likelihood 175.3097     Hannan-Quinn criter. -3.018613 
F-statistic 19.58044     Durbin-Watson stat 1.970721 
Prob(F-statistic) 0.000000    

     
     Table 2 Unit Root Tests 

 
 
 
 
 
 Vector Autoregression Estimates 
 Date: 04/27/18   Time: 10:22 
 Sample (adjusted): 1988Q2 2016Q4 
 Included observations: 115 after adjustments 
 Standard errors in ( ) & t-statistics in [ ] 

   
   

 

LN_REAL_IMP
ORT_PER_GD

P 

LN_REAL_EX
CHANGE_RAT

E 
   
   LN_REAL_IMPORT_PER

_GDP(-1)  0.719477  0.032214 
  (0.09390)  (0.08066) 
 [ 7.66247] [ 0.39935] 
   

LN_REAL_EXCHANGE_
RATE(-1) -0.244228  1.015673 
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  (0.08661)  (0.07441) 
 [-2.81975] [ 13.6500] 
   

C -1.491677  0.111982 
  (0.50901)  (0.43728) 
 [-2.93057] [ 0.25609] 
   

Q1 -0.007335 -0.005469 
  (0.01693)  (0.01454) 
 [-0.43334] [-0.37613] 
   

Q2  0.072665 -0.000249 
  (0.01762)  (0.01514) 
 [ 4.12453] [-0.01648] 
   

Q3  0.054583 -0.018493 
  (0.01656)  (0.01423) 
 [ 3.29634] [-1.30001] 
   
    R-squared  0.964586  0.977594 

 Adj. R-squared  0.962961  0.976566 
 Sum sq. resids  0.432354  0.319089 
 S.E. equation  0.062981  0.054106 
 F-statistic  593.7711  951.1359 
 Log likelihood  157.8700  175.3370 
 Akaike AIC -2.641217 -2.944991 
 Schwarz SC -2.498004 -2.801777 
 Mean dependent -1.257311 -4.559812 
 S.D. dependent  0.327249  0.353442 

   
    Determinant resid covariance (dof adj.)  5.24E-06 

 Determinant resid covariance  4.71E-06 
 Log likelihood  378.9082 
 Akaike information criterion -6.381012 
 Schwarz criterion -6.094584 

   
    

 
 Vector Autoregression Estimates 
 Date: 04/26/18   Time: 22:30 
 Sample (adjusted): 1988Q3 2016Q4 
 Included observations: 114 after adjustments 
 Standard errors in ( ) & t-statistics in [ ] 

   
   

 

LN_REAL_IMP
ORT_PER_GD

P 

LN_REAL_EX
CHANGE_RAT

E 
   
   LN_REAL_IMPORT_PER

_GDP(-1)  0.409082  0.050524 
  (0.13929)  (0.12300) 
 [ 2.93695] [ 0.41076] 
   

LN_REAL_IMPORT_PER
_GDP(-2)  0.421859 -0.046328 

  (0.13856)  (0.12236) 
 [ 3.04459] [-0.37863] 
   

LN_REAL_EXCHANGE_
RATE(-1) -0.655661  1.212327 

  (0.16217)  (0.14321) 
 [-4.04303] [ 8.46545] 
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LN_REAL_EXCHANGE_
RATE(-2)  0.512728 -0.224791 

  (0.16431)  (0.14510) 
 [ 3.12044] [-1.54921] 
   

C -0.891625 -0.047885 
  (0.52662)  (0.46505) 
 [-1.69310] [-0.10297] 
   

Q1 -0.017012 -0.008230 
  (0.01702)  (0.01503) 
 [-0.99927] [-0.54744] 
   

Q2  0.063606 -0.003983 
  (0.01775)  (0.01568) 
 [ 3.58288] [-0.25408] 
   

Q3  0.078200 -0.023924 
  (0.01755)  (0.01550) 
 [ 4.45569] [-1.54360] 
   
    R-squared  0.967639  0.978237 

 Adj. R-squared  0.965502  0.976800 
 Sum sq. resids  0.391936  0.305640 
 S.E. equation  0.060807  0.053697 
 F-statistic  452.7920  680.6583 
 Log likelihood  161.5937  175.7691 
 Akaike AIC -2.694627 -2.943317 
 Schwarz SC -2.502613 -2.751303 
 Mean dependent -1.254589 -4.563689 
 S.D. dependent  0.327384  0.352537 

   
    Determinant resid covariance (dof adj.)  4.53E-06 

 Determinant resid covariance  3.92E-06 
 Log likelihood  386.1646 
 Akaike information criterion -6.494116 
 Schwarz criterion -6.110088 

   
    

 Vector Autoregression Estimates 
 Date: 04/27/18   Time: 10:24 
 Sample (adjusted): 1988Q4 2016Q4 
 Included observations: 113 after adjustments 
 Standard errors in ( ) & t-statistics in [ ] 

   
   

 

LN_REAL_IMP
ORT_PER_GD

P 

LN_REAL_EX
CHANGE_RAT

E 
   
   LN_REAL_IMPORT_PER

_GDP(-1)  0.436577  0.036157 
  (0.15174)  (0.13376) 
 [ 2.87722] [ 0.27032] 
   

LN_REAL_IMPORT_PER
_GDP(-2)  0.449759 -0.057164 

  (0.15789)  (0.13918) 
 [ 2.84854] [-0.41070] 
   

LN_REAL_IMPORT_PER
_GDP(-3) -0.050839  0.015736 

  (0.15136)  (0.13343) 
 [-0.33588] [ 0.11793] 
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LN_REAL_EXCHANGE_

RATE(-1) -0.618356  1.176746 
  (0.17212)  (0.15173) 
 [-3.59253] [ 7.75555] 
   

LN_REAL_EXCHANGE_
RATE(-2)  0.493666 -0.115059 

  (0.22146)  (0.19522) 
 [ 2.22911] [-0.58937] 
   

LN_REAL_EXCHANGE_
RATE(-3) -0.011812 -0.084966 

  (0.17459)  (0.15391) 
 [-0.06765] [-0.55206] 
   

C -0.859614 -0.108148 
  (0.55109)  (0.48580) 
 [-1.55984] [-0.22262] 
   

Q1 -0.014251 -0.007425 
  (0.01998)  (0.01761) 
 [-0.71319] [-0.42153] 
   

Q2  0.069288 -0.006284 
  (0.02346)  (0.02068) 
 [ 2.95337] [-0.30388] 
   

Q3  0.083559 -0.025720 
  (0.02057)  (0.01814) 
 [ 4.06129] [-1.41813] 
   
    R-squared  0.967621  0.978202 

 Adj. R-squared  0.964792  0.976297 
 Sum sq. resids  0.387904  0.301432 
 S.E. equation  0.061368  0.054097 
 F-statistic  342.0103  513.5727 
 Log likelihood  160.2626  174.5127 
 Akaike AIC -2.659516 -2.911730 
 Schwarz SC -2.418154 -2.670368 
 Mean dependent -1.251398 -4.567780 
 S.D. dependent  0.327057  0.351379 

   
    Determinant resid covariance (dof adj.)  4.68E-06 

 Determinant resid covariance  3.89E-06 
 Log likelihood  383.1884 
 Akaike information criterion -6.428113 
 Schwarz criterion -5.945389 

   
    

 
 Vector Autoregression Estimates 
 Date: 04/27/18   Time: 10:24 
 Sample (adjusted): 1989Q1 2016Q4 
 Included observations: 112 after adjustments 
 Standard errors in ( ) & t-statistics in [ ] 

   
   

 

LN_REAL_IMP
ORT_PER_GD

P 

LN_REAL_EX
CHANGE_RAT

E 
   
   LN_REAL_IMPORT_PER

_GDP(-1)  0.451207  0.038310 
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  (0.15384)  (0.13622) 
 [ 2.93302] [ 0.28124] 
   

LN_REAL_IMPORT_PER
_GDP(-2)  0.382385 -0.068441 

  (0.17076)  (0.15121) 
 [ 2.23925] [-0.45263] 
   

LN_REAL_IMPORT_PER
_GDP(-3) -0.132423  0.005748 

  (0.17063)  (0.15109) 
 [-0.77610] [ 0.03805] 
   

LN_REAL_IMPORT_PER
_GDP(-4)  0.156854  0.014306 

  (0.15290)  (0.13539) 
 [ 1.02584] [ 0.10566] 
   

LN_REAL_EXCHANGE_
RATE(-1) -0.606036  1.171633 

  (0.17478)  (0.15476) 
 [-3.46745] [ 7.57053] 
   

LN_REAL_EXCHANGE_
RATE(-2)  0.443061 -0.127525 

  (0.22858)  (0.20240) 
 [ 1.93830] [-0.63005] 
   

LN_REAL_EXCHANGE_
RATE(-3) -0.130381 -0.049628 

  (0.23165)  (0.20512) 
 [-0.56284] [-0.24194] 
   

LN_REAL_EXCHANGE_
RATE(-4)  0.176456 -0.023582 

  (0.17685)  (0.15660) 
 [ 0.99774] [-0.15059] 
   

C -0.744988 -0.141926 
  (0.57391)  (0.50818) 
 [-1.29810] [-0.27928] 
   

Q1 -0.001801 -0.005292 
  (0.02298)  (0.02035) 
 [-0.07837] [-0.26005] 
   

Q2  0.071115 -0.004424 
  (0.02390)  (0.02116) 
 [ 2.97609] [-0.20909] 
   

Q3  0.079493 -0.025563 
  (0.02145)  (0.01899) 
 [ 3.70643] [-1.34603] 
   
    R-squared  0.967695  0.977900 

 Adj. R-squared  0.964141  0.975469 
 Sum sq. resids  0.382799  0.300140 
 S.E. equation  0.061871  0.054785 
 F-statistic  272.3178  402.2664 
 Log likelihood  159.0886  172.7111 
 Akaike AIC -2.626582 -2.869841 
 Schwarz SC -2.335315 -2.578574 
 Mean dependent -1.248185 -4.572199 
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 S.D. dependent  0.326730  0.349789 
   
    Determinant resid covariance (dof adj.)  4.72E-06 

 Determinant resid covariance  3.76E-06 
 Log likelihood  381.5915 
 Akaike information criterion -6.385563 
 Schwarz criterion -5.803027 

   
   Table 3 VAR Specification 

 
 
 
 
 
Date: 04/26/18   Time: 21:54  
Sample (adjusted): 1988Q3 2016Q4  
Included observations: 114 after adjustments 
Trend assumption: No deterministic trend (restricted constant) 
Series: LN_REAL_EXCHANGE_RATE LN_REAL_IMPORT_PER_GDP  
Exogenous series: Q1 Q2 Q3   
Warning: Critical values assume no exogenous series 
Lags interval (in first differences): 1 to 1 

     
Unrestricted Cointegration Rank Test (Trace) 
     
     Hypothesized  Trace 0.05  

No. of CE(s) Eigenvalue Statistic Critical Value Prob.** 
     
     None *  0.165518  22.08936  20.26184  0.0277 

At most 1  0.012740  1.461684  9.164546  0.8802 
     
      Trace test indicates 1 cointegrating eqn(s) at the 0.05 level 
 * denotes rejection of the hypothesis at the 0.05 level 
 **MacKinnon-Haug-Michelis (1999) p-values 

     
Unrestricted Cointegration Rank Test (Maximum Eigenvalue) 
     
     Hypothesized  Max-Eigen 0.05  

No. of CE(s) Eigenvalue Statistic Critical Value Prob.** 
     
     None *  0.165518  20.62768  15.89210  0.0083 

At most 1  0.012740  1.461684  9.164546  0.8802 
     
      Max-eigenvalue test indicates 1 cointegrating eqn(s) at the 0.05 level 
 * denotes rejection of the hypothesis at the 0.05 level 
 **MacKinnon-Haug-Michelis (1999) p-values 

     
 Unrestricted Cointegrating Coefficients (normalized by b'*S11*b=I):  
     
     LN_REAL_EXC
HANGE_RATE 

LN_REAL_IMP
ORT_PER_GDP C   

 8.982581  9.716340  54.60200   
-4.094477 -1.418972 -20.14247   

     
          
 Unrestricted Adjustment Coefficients (alpha):  
     
     D(LN_REAL_E
XCHANGE_RA

TE)  0.001289  0.005873   
D(LN_REAL_IM
PORT_PER_G -0.018101 -0.004801   
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DP) 
     
          
1 Cointegrating Equation(s):  Log likelihood  385.4338  
     
     Normalized cointegrating coefficients (standard error in parentheses) 
LN_REAL_EXC
HANGE_RATE 

LN_REAL_IMP
ORT_PER_GDP C   

 1.000000  1.081687  6.078654   
  (0.07429)  (0.10389)   
     

Adjustment coefficients (standard error in parentheses) 
D(LN_REAL_E
XCHANGE_RA

TE)  0.011582    
  (0.04504)    

D(LN_REAL_IM
PORT_PER_G

DP) -0.162590    
  (0.05085)    

     
     Table 4 Johansen Cointegration Test 

 
 
 
 
 
 
 Vector Error Correction Estimates 
 Date: 04/26/18   Time: 21:59 
 Sample (adjusted): 1988Q3 2016Q4 
 Included observations: 114 after adjustments 
 Standard errors in ( ) & t-statistics in [ ] 

   
   Cointegrating Eq:  CointEq1  
   
   LN_REAL_IMPORT_PER

_GDP(-1)  1.000000  
   

LN_REAL_EXCHANGE_
RATE(-1)  0.924482  

  (0.06326)  
 [ 14.6145]  
   

C  5.619605  
  (0.29177)  
 [ 19.2606]  
   
   

Error Correction: 

D(LN_REAL_I
MPORT_PER_

GDP) 

D(LN_REAL_E
XCHANGE_RA

TE) 
   
   CointEq1 -0.175872  0.012529 
  (0.05500)  (0.04872) 
 [-3.19742] [ 0.25715] 
   

D(LN_REAL_IMPORT_P
ER_GDP(-1)) -0.423062  0.047799 

  (0.13385)  (0.11856) 
 [-3.16066] [ 0.40316] 
   

D(LN_REAL_EXCHANGE
_RATE(-1)) -0.506196  0.216800 
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  (0.15725)  (0.13929) 
 [-3.21900] [ 1.55647] 
   

Q1 -0.018513 -0.006393 
  (0.01500)  (0.01329) 
 [-1.23394] [-0.48108] 
   

Q2  0.061828 -0.001808 
  (0.01428)  (0.01264) 
 [ 4.33103] [-0.14302] 
   

Q3  0.077070 -0.022541 
  (0.01511)  (0.01339) 
 [ 5.09929] [-1.68373] 
   
    R-squared  0.383603  0.050318 

 Adj. R-squared  0.355066  0.006351 
 Sum sq. resids  0.394564  0.309572 
 S.E. equation  0.060443  0.053539 
 F-statistic  13.44233  1.144450 
 Log likelihood  161.2129  175.0405 
 Akaike AIC -2.723033 -2.965623 
 Schwarz SC -2.579022 -2.821613 
 Mean dependent  0.004641 -0.006526 
 S.D. dependent  0.075264  0.053710 

   
    Determinant resid covariance (dof adj.)  4.42E-06 

 Determinant resid covariance  3.97E-06 
 Log likelihood  385.4338 
 Akaike information criterion -6.498838 
 Schwarz criterion -6.138812 

   
   Table 5 VEC Specification 

 
 
 
 
 
 
VEC Granger Causality/Block Exogeneity Wald Tests 
Date: 04/26/18   Time: 22:11 
Sample: 1988Q1 2016Q4  
Included observations: 114 

    
        

Dependent variable: D(LN_REAL_IMPORT_PER_GDP) 
    
    Excluded Chi-sq df Prob. 
    
    D(LN_REAL_E

XCHANGE_R
ATE)  10.36196 1  0.0013 

    
    All  10.36196 1  0.0013 
    
        

Dependent variable: D(LN_REAL_EXCHANGE_RATE) 
    
    Excluded Chi-sq df Prob. 
    
    D(LN_REAL_I

MPORT_PER  0.162535 1  0.6868 
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_GDP) 
    
    All  0.162535 1  0.6868 
    
    Table 6 Granger Causality Test 

 
 
 
 
 
 
Dependent Variable: LN_REAL_IMPORT_PER_GDP 
Method: Least Squares  
Date: 04/27/18   Time: 22:19  
Sample (adjusted): 1988Q3 2016Q4 
Included observations: 114 after adjustments 

     
     Variable Coefficient Std. Error t-Statistic Prob.   
     
     LN_REAL_EXCHANGE_RATE -0.858850 0.072027 -11.92408 0.0000 

LN_REAL_IMPORT_PER_GDP(-1) 0.452474 0.091286 4.956687 0.0000 
LN_REAL_IMPORT_PER_GDP(-2) 0.382070 0.090798 4.207925 0.0001 
LN_REAL_EXCHANGE_RATE(-1) 0.385547 0.137487 2.804240 0.0060 
LN_REAL_EXCHANGE_RATE(-2) 0.319667 0.108812 2.937792 0.0041 

C -0.932751 0.344877 -2.704591 0.0080 
Q1 -0.024080 0.011164 -2.156932 0.0333 
Q2 0.060185 0.011629 5.175440 0.0000 
Q3 0.057654 0.011622 4.960923 0.0000 

     
     R-squared 0.986254     Mean dependent var -1.254589 

Adjusted R-squared 0.985206     S.D. dependent var 0.327384 
S.E. of regression 0.039820     Akaike info criterion -3.533255 
Sum squared resid 0.166489     Schwarz criterion -3.317239 
Log likelihood 210.3955     Hannan-Quinn criter. -3.445586 
F-statistic 941.6639     Durbin-Watson stat 1.948274 
Prob(F-statistic) 0.000000    

     
     Table 7 ADL model estimation result 

 

 

 

Breusch-Godfrey Serial Correlation LM Test: 
     
     F-statistic 1.897215     Prob. F(2,103) 0.1552 

Obs*R-squared 4.050446     Prob. Chi-Square(2) 0.1320 
     
          

Test Equation:   
Dependent Variable: RESID  
Method: Least Squares  
Date: 04/27/18   Time: 22:39  
Sample: 1988Q3 2016Q4  
Included observations: 114  
Presample missing value lagged residuals set to zero. 

     
     Variable Coefficient Std. Error t-Statistic Prob.   
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     LN_REAL_EXCHANGE_RATE -0.000821 0.071449 -0.011487 0.9909 

LN_REAL_IMPORT_PER_GDP(-1) -0.881354 0.477322 -1.846455 0.0677 
LN_REAL_IMPORT_PER_GDP(-2) 0.832736 0.442759 1.880789 0.0628 
LN_REAL_EXCHANGE_RATE(-1) -0.757785 0.426112 -1.778370 0.0783 
LN_REAL_EXCHANGE_RATE(-2) 0.712429 0.386049 1.845437 0.0678 

C -0.263139 0.455774 -0.577345 0.5650 
Q1 -0.035580 0.021824 -1.630302 0.1061 
Q2 -0.039910 0.024449 -1.632382 0.1057 
Q3 0.039636 0.023586 1.680463 0.0959 

RESID(-1) 0.905224 0.490525 1.845419 0.0678 
RESID(-2) -0.478894 0.251596 -1.903424 0.0598 

     
     R-squared 0.035530     Mean dependent var -6.54E-16 

Adjusted R-squared -0.058108     S.D. dependent var 0.038384 
S.E. of regression 0.039484     Akaike info criterion -3.534344 
Sum squared resid 0.160573     Schwarz criterion -3.270324 
Log likelihood 212.4576     Hannan-Quinn criter. -3.427193 
F-statistic 0.379443     Durbin-Watson stat 1.866807 
Prob(F-statistic) 0.953058    

     
     Table 8 LM test 

 

 

 

Heteroscedasticity Test: White  
     
     F-statistic 0.941271     Prob. F(38,75) 0.5724 

Obs*R-squared 36.81185     Prob. Chi-Square(38) 0.5243 
Scaled explained SS 38.76162     Prob. Chi-Square(38) 0.4352 

     
          

Test Equation:   
Dependent Variable: RESID^2  
Method: Least Squares  
Date: 04/27/18   Time: 22:44  
Sample: 1988Q3 2016Q4  
Included observations: 114  
Collinear test regressors dropped from specification 

     
     Variable Coefficient Std. Error t-Statistic Prob.   
     
     C -1.169480 2.387506 -0.489834 0.6257 

LN_REAL_EXCHANGE_RATE^2 0.076927 0.083671 0.919393 0.3608 
LN_REAL_EXCHANGE_RATE*LN_REAL_I

MPORT_PER_GDP(-1) 0.052726 0.134423 0.392239 0.6960 
LN_REAL_EXCHANGE_RATE*LN_REAL_I

MPORT_PER_GDP(-2) -0.010257 0.126652 -0.080989 0.9357 
LN_REAL_EXCHANGE_RATE*LN_REAL_

EXCHANGE_RATE(-1) -0.180974 0.245123 -0.738298 0.4626 
LN_REAL_EXCHANGE_RATE*LN_REAL_

EXCHANGE_RATE(-2) 0.063945 0.151524 0.422016 0.6742 
LN_REAL_EXCHANGE_RATE*Q1 -0.000522 0.016316 -0.032010 0.9745 
LN_REAL_EXCHANGE_RATE*Q2 -0.011337 0.020044 -0.565588 0.5734 
LN_REAL_EXCHANGE_RATE*Q3 -0.021936 0.018758 -1.169448 0.2459 

LN_REAL_EXCHANGE_RATE 0.233812 0.458179 0.510307 0.6113 
LN_REAL_IMPORT_PER_GDP(-1)^2 -0.064856 0.114544 -0.566211 0.5729 

LN_REAL_IMPORT_PER_GDP(- 0.115260 0.204812 0.562759 0.5753 
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1)*LN_REAL_IMPORT_PER_GDP(-2) 
LN_REAL_IMPORT_PER_GDP(-

1)*LN_REAL_EXCHANGE_RATE(-1) -0.010059 0.323720 -0.031075 0.9753 
LN_REAL_IMPORT_PER_GDP(-

1)*LN_REAL_EXCHANGE_RATE(-2) -0.072614 0.256556 -0.283032 0.7779 
LN_REAL_IMPORT_PER_GDP(-1)*Q1 -0.015788 0.022093 -0.714620 0.4771 
LN_REAL_IMPORT_PER_GDP(-1)*Q2 -0.011012 0.022078 -0.498782 0.6194 
LN_REAL_IMPORT_PER_GDP(-1)*Q3 0.009288 0.025865 0.359084 0.7205 

LN_REAL_IMPORT_PER_GDP(-1) -0.141626 0.762315 -0.185784 0.8531 
LN_REAL_IMPORT_PER_GDP(-2)^2 -0.092812 0.108126 -0.858367 0.3934 

LN_REAL_IMPORT_PER_GDP(-
2)*LN_REAL_EXCHANGE_RATE(-1) 0.092496 0.347200 0.266406 0.7907 

LN_REAL_IMPORT_PER_GDP(-
2)*LN_REAL_EXCHANGE_RATE(-2) -0.132630 0.244439 -0.542590 0.5890 

LN_REAL_IMPORT_PER_GDP(-2)*Q1 0.001279 0.025531 0.050086 0.9602 
LN_REAL_IMPORT_PER_GDP(-2)*Q2 -0.017483 0.022147 -0.789395 0.4324 
LN_REAL_IMPORT_PER_GDP(-2)*Q3 -0.030744 0.025238 -1.218180 0.2270 

LN_REAL_IMPORT_PER_GDP(-2) -0.302883 0.791159 -0.382834 0.7029 
LN_REAL_EXCHANGE_RATE(-1)^2 0.231428 0.313311 0.738651 0.4624 

LN_REAL_EXCHANGE_RATE(-
1)*LN_REAL_EXCHANGE_RATE(-2) -0.211726 0.495404 -0.427381 0.6703 
LN_REAL_EXCHANGE_RATE(-1)*Q1 -0.000867 0.033775 -0.025662 0.9796 
LN_REAL_EXCHANGE_RATE(-1)*Q2 0.014667 0.033908 0.432554 0.6666 
LN_REAL_EXCHANGE_RATE(-1)*Q3 0.063085 0.036038 1.750530 0.0841 

LN_REAL_EXCHANGE_RATE(-1) 0.417177 0.817963 0.510019 0.6115 
LN_REAL_EXCHANGE_RATE(-2)^2 -0.018653 0.189366 -0.098504 0.9218 

LN_REAL_EXCHANGE_RATE(-2)*Q1 -0.015613 0.028454 -0.548723 0.5848 
LN_REAL_EXCHANGE_RATE(-2)*Q2 -0.033131 0.026333 -1.258163 0.2122 
LN_REAL_EXCHANGE_RATE(-2)*Q3 -0.063667 0.030024 -2.120505 0.0373 

LN_REAL_EXCHANGE_RATE(-2) -1.078975 0.734392 -1.469207 0.1460 
Q1^2 -0.095594 0.090928 -1.051313 0.2965 
Q2^2 -0.171874 0.086016 -1.998176 0.0493 
Q3^2 -0.130405 0.084268 -1.547500 0.1260 

     
     R-squared 0.322911     Mean dependent var 0.001460 

Adjusted R-squared -0.020147     S.D. dependent var 0.002311 
S.E. of regression 0.002334     Akaike info criterion -9.016683 
Sum squared resid 0.000409     Schwarz criterion -8.080616 
Log likelihood 552.9510     Hannan-Quinn criter. -8.636786 
F-statistic 0.941271     Durbin-Watson stat 1.935704 
Prob(F-statistic) 0.572363    

     
     Table 9 White Heteroscedasticity Test 
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