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Abstract: 
Using regional income data covering the time period since the early 1970s for all regions of 
the Scandinavian countries the often addressed topic of income convergence is tested. The 
empirical part of the paper applies different tests of convergence which are usually appearing 
in connection with the question of convergence in relation to neoclassical growth models. 
Following Sala-i-Martin the so-called beta-convergence test is applied but due to 
methodological problems associated with this technique, alternative time series tests are also 
considered. The newly introduced test by Nahar and Inder is applied to the income data, 
where this methodology allows for a less restrictive interpretation of convergence in a time 
series context compared to e.g. the Bernard-Durlauf unit root types of test. The time series 
tests indicate that there is most support to the notion of absolute convergence in real incomes 
among the regions of the Scandinavian countries in the sense that incomes converge towards 
the region with the highest ‘leading’ income level (the 'leader'). 
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1. Introduction 
 

Since the beginning of the 1970s real incomes have been increasing relatively fast in 

Scandinavia (Denmark, Norway and Sweden) although significant shocks have also hit these 

economies such as e.g. the oil price shocks and, for Sweden, severe economic difficulties in 

the beginning of the 1990s. In this paper we use regional income data covering the time 

period since the early 1970s for all regions of the three beforementioned countries in order to 

test for the often addressed topic of income convergence. The empirical part of the paper 

applies different tests of convergence which are usually appearing in connection with the 

question of convergence in relation to neoclassical growth models. Following Sala-i-Martin 

(1995) the so-called beta-convergence test is applied but due to methodological problems 

associated with this test technique, an alternative time series test is also applied. A 

methodology that takes into consideration the time series properties concerning the non-

stationarity of income variables is the Bernard-Durlauf (1996) unit root test approach. More 

recently, a new test procedure was introduced by Nahar and Inder (2002), where the test 

allows for a less restrictive interpretation of convergence in a time series context than the unit 

root approach. The first part of the paper (section 2) presents a short review of empirical 

findings related to regional income convergence. Part 3 deals with the data set and gives a 

graphical description of the development in real incomes in Scandinavia. The concept of 

convergence and test methodology in relation to time series data is presented in part 4 and in 

part 5 the specific test statistics are presented. Finally, section 6 concludes. 

  

2. Literature review and empirical findings 
 

Originally, the concept of β and σ convergence, introduced by Barro & Sala-I-Martin (1991, 

1992), was developed for studying the convergence of real income (GDP) for a cross-section 

of economies but has also gained popularity in other research areas such as e.g. price 

convergence, see Camarero et al. (2000). The empirical findings from applying this 

methodology are probably the most well-known empirical evidence on regional convergence. 

Using cross-sectional data for 48 states in the USA, significant evidence of economic 

convergence across states is found and it is also demonstrated that convergence is prevalent 

for European countries (using data for 73 European regions). These results are confirmed later 

by Sala-I-Martin (1994) using regional data for the USA, Canada, Japan and Europe, which 
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represent data from 178 regions. Tsionas (2000) also focuses on regional convergence in the 

US, using rather new data from 1977 to 1996. Contrary to the results of Barro & Sala-I-

Martin, this study finds neither β nor σ convergence. Coulombe (1999) re-examines 

convergence across 10 Canadian provinces and using data for 1950-1996, he finds that 

provincial relative per capita income has converged at a speed around 5% per year where 

relative per capita income is affected by the relative degree of urbanisation. Kangasharju 

(1999) analyses regional convergence in Finland over a long period and finds evidence of 

convergence across regions.  

 

Testing for convergence by using the β-methodology can be criticized because only initial and 

final values of the sample data are used and, therefore, the resultant parameter estimates may 

be sensitive to the specific values of these observations. This is one of several drawbacks of 

this methodology, and has recently been critically commented in a number of studies, Bernard 

and Durlauf (1991, 1995), Greasley and Oxley (1997), Harris and Trainor (1999) - and in 

Bernard and Durlauf (1996) the relationship between cross-section and time series tets of 

convergence is analysed; including the empirical implications. The empirical findings in 

Bernard and Durlauf (1991, 1995) analysing per capita output for 15 OECD countries are not 

in favour of a convergence hypothesis, although some evidence for common trends is 

detected. Also using the unit root methodology Greasly and Oxley (1997) find more evidence 

for bivariate convergence when allowing for discontinuities. Harris and Trainor (1999) use 

regional industry-level data for the UK and when applying the time series techniques 

including shifts in mean and trend values the results reveal both catching-up and convergence 

for the industry output data. In a number of studies, Carlino and Mills (1993, 1996) and 

Loewy and Papell (1996), analyse US regional income convergence and when introducing 

endogenously determined structural breaks in the unit root tests some positive evidence is 

found. The latter study is extended by Tomljanovich and Vogelsang (2002), who re-examine 

regional income convergence for the US. Dividing USA into 8 regions and using data for the 

period 1925 – 1995 and testing for fixed versus unknown break dates within the convergence 

process they find strong evidence in favour of the regional convergence across US regions. 

Introducing a new time series test procedure Nahar and Inder (2002) - also drawing attention 

to some inappropriate features of the Bernard-Durlauf methodology - find evidence of 

convergence among 22 OECD countries, including convergence towards a group 'leader' 

exhibiting highest income levels (the USA).  
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One of the main issues in the above-mentioned studies is the speed of convergence, whether 

there can be found absolute convergence or conditional convergence, i.e. when the regions 

converge to different steady state levels of per capita income. In fact, other factors may 

influence the regional economic development, and the classical standard mechanism of factor 

mobility and wage flexibility does not always work in order to ensure that regional incomes 

converge. Thus, regional differences in educational level, R&D effort and innovation may be 

quite permanent, according to e.g. the urban hierarchy hypothesis meaning that regions even 

in smaller but highly developed countries may fall behind the richest in those countries. 

Moreover, ‘the new economy’, the increased use of knowledge in the production processes 

and the rapid increases in the ICT (information, communication and technology) industries 

could result in a slower speed of convergence (or even divergence). Consequently, testing 

convergence in regional per capita income, endogenous resources of each region should be 

included in the analysis when possible.  

 

When knowledge economy became a well-known phenomenon in the 1990s, most economists 

believed that the potentials of ICT would enhance the process of regional economic 

convergence. Thus, knowledge diffusion, the economics of network and use of advanced 

communication forms do not require that firms are located in the larger agglomeration areas 

in order to obtain the benefits from these factors. Therefore, it was a widespread belief that 

regional inequalities would decrease, as the economies became more and more knowledge-

based. On the other hand, regional economic divergence can also be the result of increased 

use of ICT in general. According to the ‘urban hierarchy hypothesis’, see e.g. Kleinknecht and 

Poot (1992), firms located in urban centre areas can more easily engage in R&D- and ICT-

based activities because of the agglomeration advantages, which come with a larger 

concentration of knowledge-intensive firms and consequently a larger share of highly 

educated people as compared to the rural areas. Especially closeness to institutions of higher 

education is normally expected to give more knowledge diffusion, cooperation between R&D 

institutions and private firms, spin-offs from universities etc. More generally, firms located 

close to knowledge-intensive or -producing institutions will probably have a larger absorption 

capacity and more easy access to new knowledge, which in the end results in higher economic 

growth as compared to other areas.  

 



 
5

 

3.  The development in regional incomes in Scandinavia 

 

The data for real incomes in Scandinavian countries are in all cases derived from the 

respective national statistical bureaus and the income variable used for all three countries is an 

aggregate of personal incomes that are liable to (income) taxation and cover the time period 

since 1970. The income data are thereafter converted to real per capita income via a consumer 

price deflator and population data. In Figures 1, 2 and 3 the data for the respective countries 

are exhibited, but only the income development for selected regions and the national average 

as the number of regions in each country is considerable and corresponding to 56 regions in 

the whole data sample. 

 

Figure 1. Denmark: Real per capita incomes - selected regions, 1970-2000 (1990 DKK). 
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Note: Real per capita income calculated as total personal income in the economy divided by the average 
population number and deflated with the overall consumer price index (1990=1). 
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Figure 2. Norway: Real per capita incomes - selected regions, 1970-1998 (1990 NOK). 
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Note: Real per capita income calculated as total personal income in the economy divided by the average 

population number and deflated with the overall consumer price index (1990=1). 
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Figure 3. Sweden: Real per capita incomes - selected regions, 1970-1998 (1990 SOK). 
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Note: Real per capita income calculated as total personal income in the economy divided by the average 

population number and deflated with the overall consumer price index (1990=1). 
 

For all three Scandinavian countries the increases in real incomes have been rather strong, 

although incomes in especially Sweden - but also Norway and Denmark (second oil price 

shock) - are marked by business cycle downturns. In all cases the income levels of the capitals 

are somewhat above the national average incomes although comovements in incomes within 

the countries seem rather strong, which of course has to be tested formally. 
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When comparing income levels between countries it is a well-known methodology to convert 

national income data into e.g. international dollars calculated in purchasing power parities. 

For the present purpose the national average income levels - in real terms - from the above 

figures are linked applying the 1995 PPP-rates for the Scandinavian countries. Thereby, the 

development in real incomes in national currencies is preserved, but the levels are adjusted 

according to the 1995 PPP-rate for each country. The latter will allow for a comparison of 

income levels - and convergence tests - among the Scandinavian countries. The result is 

reported in Figure 4. Alternatively, the PPP-rates might be applied for the whole-sample 

period and thereafter the incomes in PPP-dollars can be tested for convergence in nominal or 

real terms, where the latter requires a common deflator (e.g. the US-deflator).  
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Figure 4. Personal income per capita in Denmark, Norway and Sweden, 1970-1998/2000 

(95$ppp). 
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Note: Real incomes per capita calculated from the national average incomes and applying the 1995 PPP-rate for 

each country. 

 

Figure 4 reveals that Denmark has had the highest income levels in the whole sample period 

when the comparison is based on the 1995 purchasing power parity rates. Norway and 

Sweden seem to catch up with the present Danish income level and therefore the empirical 

part of the study will also include a formal convergence test of the data exhibited in Figure 4. 

 

Usually economic time series variables like income variables are found to be non-stationary 

in levels and consequently, the Dickey-Fuller tests are performed for all the national average 
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incomes in order to investigate for stochastic trends - which is an import part of time series 

tests of convergence. The DF-test whether a variable X is integrated, I(1), or stationary, I(0), 

is done with a time trend for all variables where the inclusion of a deterministic trend will 

give power to an alternative hypothesis of trend-stationarity. The results are reported in Table 

1. 

 

Table 1. Unit root tests (DF/ADF). 

 DF/ADF 
(intercept) 

DF/ADF 
(intercept/trend) 

Denmark -1.66{0} -3.30{1} 
Norway 0.170{1} -1.29{1} 
Sweden -2.50{0} -3.25{0} 
 

Note: The DF/ADF-test statistics have been derived from applying a suitable lag length {0, 1 or 2} in the unit 

root test in order to whiten the errors. The test also includes a deterministic trend to allow for an alternative 

hypothesis of trend stationarity and the critical values are - 2.97 and -3.58 for the two cases reported in Table 1 at 

the 5% level of significance, according to MacKinnon (1991). 

 
The conclusions from Table 1 are in all cases similar as the null hypothesis of non-stationarity 

of the income variables are rejected - also when allowing for a deterministic time trend in the 

data. As the empirical evidence is in favour of a unit root hypothesis the time series test 

methodologies of Bernard-Durlauf or Naha-Inder will be appropriate in these cases, but 

firstly, the β-convergence hypothesis will be addressed in the next part. 

 

3. Testing for β-convergence 
 

Income converges in the β-sense if countries with low initial values of per capita incomes face 

higher growth rates in this variable than the other countries in the sample. Denoting the real 

per capita income in country i at time t by Yi,t (log values) the measure of convergence is 

derived from the following regression, with t-n indicating the first period in the sample: 

 

( ), ,1i t i t n itY Yα β ε−= + − +  (1) 

 

The estimate of β reveals the rate of convergence where a value close to 1 indicates (absolute) 
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convergence in the sense that real incomes converge towards a common level (α) and the 

opposite conclusion of ‘no convergence’ implies a parameter estimate, which does not deviate 

significantly from zero. 

 

Table 2.  Test statistics for β-convergence. 

Income pr cap. Denmark Norway Sweden 

β̂  0.414 0.447 0.667 

Standard error 0.047 0.065 0.055 

 

Note: The cross-section test of convergence is done for the time period 1970 to 2000 for Denmark and 1970 to 

1998 for Norway and Sweden. 

 

The estimates of β are in the range 0.41-0.67 and in all cases significantly deviating from zero 

at conventional critical levels. The empirical evidence thus favours the β-convergence theory 

as far as the null hypothesis of ‘no convergence’ is significantly rejected for all three 

Scandinavian countries. 

 

4.  Time series based concepts of convergence 
 

The question of regional income convergence can be analysed in a pure time series 

framework - which in several important aspects differs from the cross-section convergence 

methodology as mentioned in part 3 - where especially Bernard and Durlauf (1995, 1996) 

have shown how to apply the econometric techniques concerning non-stationary variables to 

the question of convergence. Convergence between e.g. country i and a group average of all 

countries is now defined as:  

 

( ),lim  E 0

k

t ki t k tY Y I++ − =

→∞
 (2) 

 

It is the information set available at time t, and convergence requires equality of long-term 

forecasts. In an empirical testing strategy it is essential to assess whether the deviations from 

the group average contain either a non-zero mean or a unit root because this implies that there 
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cannot be convergence, and the series will diverge over time. This methodology of testing for 

convergence relative to the sample average has been applied concerning income convergence 

in a number of studies, e.g. Carlino and Mills (1993), Loewy and Papell (1996), Li and Papell 

(1999). The empirical application of this definition of convergence therefore relies on a 

Dickey-Fuller type of test for a unit root in the difference of the (log) values of regional 

incomes, with t indicating a time trend: 

 

( ) ( ) ( )1, , 1 ,lags of t t ti t i t i t tY Y t Y Y Y Yα β µ ε−−∆ − = + + − + ∆ − +  (3) 

 

In case a unit root is found, the regional incomes and the national average income level will 

be driven by separate stochastic trends and, hence, diverge over time. Furthermore, assuming 

no unit root is present in (3), the intercept term and the deterministic trend parameter may be 

insignificant and thus indicate long-run convergence. Finally, when the deterministic trend 

parameter differs significantly from zero, a catching-up process is likely to take place 

assuming that the initial values of the regional incomes differ in levels. 

 

Thus, a necessary condition for convergence is that the cointegration vector between a given 

set of incomes is (1, -1).1 One difficulty involved in the time series approach is that these tests 

are sensitive to whether transitional processes are taking place in the economy, i.e. if the 

regional incomes have not yet reached a level close to steady-state conditions as defined via 

the national income level, then a null hypothesis of ‘no convergence’ tends to be accepted, 

even when it is false. More recently, a time series test procedure that is less restrictive with 

regard to the question stationarity versus non-stationarity of differences in the respective 

variables concerning convergence has been introduced. Nahar and Inder (2002) point out that 

also non-stationary processes may convergence and present a new test methodology that 

allows for non-stationary but converging processes. When testing for convergence in respect 

to a group average the procedure starts (see Nahar and Inder for further details) as formerly 

given by (2), where differences in incomes diminish over time. The squared income 

differences are then considered:  

 

                                                 
1 Still, when cointegration is detected but the cointegration vector is deviating from (1, -1), the development in 
incomes is driven by the same stochastic trend, but the level of these incomes will not converge; see Bernard and 
Durlauf (1995). 



 
13

( )2

, , ti t i tw Y Y= −  (4) 

 

When convergence takes place, wi,t gets closer to zero which implies: 

 

( ),lim 0t i t kE w

k
+ =

→ ∞
 (5) 

 

Since wi,t is the squared income difference and therefore always positive, the following holds: 

 

( ) , ,/ 0 :   0  as  i t i t kt w w k+∂ ∂ < → →∞  (6) 

 

The basic idea is then to evaluate convergence from the sign of (6), where a negative sign will 

indicate convergence as wi,t will head towards zero when the (average) slope of the positively-

valued wi,t is negative. For the empirical application wi,t is defined as a function of time: 

 
2 1

, 0 1 2 n-1 ,...+ n n
i t n i tw t t t t ε−= Θ +Θ +Θ + Θ +Θ +  (7) 

 

The slope function is easily derived as the first derivative of (7). Convergence now 

corresponds to a negative value of the average of the slope functions, as not every slope can 

be expected to be negative: 

 

,
1

1 0
T

i t
t

w
T t=

∂
<

∂∑  (8) 

 

As wi,t is a function of time, the average slope function can be obtained - and in compact form 

given as: 

 

 , 1 2 2
1

1 ...
T

i t n n
t

w r r
T t=

∂
= Θ +Θ + +Θ

∂∑          (9) 

 

where: 
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1

1

T
n

n
t

nr t
T

−

=

= ∑            (10) 

When testing for convergence the null hypothesis of no-convergence is: 

 

[ ]
[ ]

0

2

1

: ' 0

 0 1  ... 

  ... 
n

o n

H r

r r r

Θ ≥

=

Θ = Θ Θ Θ

           (11) 

 

The r-vector can easily be calculated from the trend values and the Θ parameters are estimated 

from (7). Finally, a t-test is performed concerning the restrictions on Θ as stated in the H0 

hypothesis with a rejection of the null hypothesis interpreted in favour of convergence. The 

empirical estimation is done in a two-step procedure as first the lag length of (7) is determined 

- by the Akaike Information Criterion (AIC) - and then the estimated parameters from (7) can 

be applied to test the restriction in (11).  

 

As stated in expressions (2) and (4) the test is performed in relation to the avarage level of 

incomes, where alternatively it can also be applied towards a 'leader', i.e. the region with the 

highest income. The latter approach to time series convergence of incomes is reasonable in 

the sense that the income level of the leader might be interpreted as closer - or most close - to 

a steady-state level of incomes, and the other regions are converging towards this level of 

incomes. The test methodology is nearly the same with the slight change that the sign of (4) 

will always be negative when substituting the income of the leader for the group average. 

Therefore, no squaring of (4) is nescessary and an average positive slope function is 

interpreted in favour of convergence when a region with a low level of income is moving up 

towards the leader. The slope test statistics will be positive and significant – cf. the empirical 

test parameters in the next part - when rejecting a null hypothesis of no-convergence towards 

a group leader. 

  

5. Empirical evidence of regional income convergence 

 

The methodology by Nahar and Inder is applied to the income data for the respective 

Scandinavian countries where the test is performed in relation to both the average national 
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income levels and the 'income leader' - the latter being the capital or metropolitan area. The 

test results are reported in Tables 3, 4 and 5. 

 

Table 3. Regional income convergence, Denmark: Average slopes and test statistics. 

 National average Leader 

 
Average slope  

(p-order) t-stat 
Average slope  

(p-order) t-stat 

Kobenhavn (Munic.) -0.0011**(3) -8.81 -  
Frederiksberg (Munic.) -0.0030**(2) -19.64 -  
Kobenhavn -0.0019**(4) -9.46 -  
Frederiksborg  0.0002(1) 2.08 0.0044**(6) 9.10 
Roskilde 0.0001(3) 2.03 0.0052**(6) 9.36 
Vestsjalland 0.0001(6) -1.45 0.0043**(6) 7.13 
Storstrom -0.0001(6) -1.41 0.0041**(5) 7.14 
Bornholm -0.0009**(5) -3.42 0.0057**(5) 6.99 
Fyn -0.0002**(5) -2.17 0.0044**(5) 8.58 
Sonderjylland -0.0008**(4) -10.47 0.0062**(5) 9.93 
Ribe -0.0008**(2) -12.47 0.0074**(4) 14.04 
Vejle -0.0006**(4) -9.60 0.0081**(4) 18.42 
Ringkobing -0.0009**(2) -10.54 0.0079**(4) 11.49 
Aarhus -0.0002**(2) -9.65 0.0061**(4) 9.85 
Viborg -0.0020**(4) -10.27 0.0097**(4) 15.02 
Nordjylland -0.0012**(4) -12.47 0.0074**(6) 10.83 
 

Note: The capital Kobenhavn (Copenhagen) consists of two municipalities - the first two rows of the table - and 

furthermore Denmark is divided into 14 other regions ('Amt'). The 'leader' is the region Kobenhavn (Amt) in the 

convergence tests although the income level has been higher in Frederiksberg (second row) - but the latter 

municipality is very tiny so it might not seem reasonable to test for convergence towards this area. The 

polynomial order selected from the AIC-values varies the lag length from 1 to 6. An average slope value 

deviating from zero at the 5% level of significance is indicated by ** and * for the 10% significance level.  
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Table 4. Regional income convergence, Norway: Average slopes and test statistics. 

 National average Leader 

 
Average slope  

(p-order) t-stat 
Average slope  

(p-order) t-stat 

Oslo -0.0045**(3) -9.91 -  
Ostfold 0.0001(5) 1.40 0.0016(3) 1.55 
Akershus 0.0002(4) 0.80 0.0061**(3) 6.02 
Hedmark -0.0002(6) -1.42 0.0061**(3) 4.95 
Oppland -0.0009**(6) -5.01 0.0085**(6) 5.83 
Buskerud -0.0000(6) -0.37 0.0045**(3) 5.52 
Vestfold -0.0001*(5) -1.74 0.0018*(3) 1.90 
Telemark -0.0004(6) 0.81 0.0061**(6) 4.23 
Aust-Agder 0.0002(4) 2.36 0.0048**(3) 5.66 
Vest-Agder 0.0002(4) 3.31 0.0046**(4) 5.46 
Rogaland -0.0005**(6) -2.76 0.0072**(5) 5.41 
Hordaland -0.0003(3) -0.20 0.0057**(3) 6.45 
Sogn og Fjordane -0.0030**(6) -12.59 0.0125**(6) 8.70 
More og Romsdal -0.0018**(5) -16.87 0.0110**(4) 11.39 
Sor-Trondelag -0.0007(3) -1.35 0.0059**(3) 6.16 
Nord-Trondelag -0.0023**(6) -6.61 0.0103**(3) 7.67 
Nordland -0.0013**(3) -7.35 0.0083**(4) 7.25 
Troms -0.0023**(2) -17.92 0.0113**(3) 8.45 
Finmark -0.0013**(5) -4.99 0.0095**(3) 6.95 
 

Note: The 'leader' is Oslo in the convergence tests as the income level has been highest in this case. The 

polynomial order selected from the AIC-values varies the lag length from 1 to 6. An average slope value 

deviating from zero at the 5% level of significance is indicated by ** - and * for the 10% significance level.  
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Table 5. Regional income convergence, Sweden: Average slopes and test statistics. 

 National average Leader 

 
Average slope  

(p-order) t-stat 
Average slope  

(p-order) t-stat 

Stockholm -0.0033**(5) -8.04 -  
Uppsala -0.0004**(4) -6.13 0.0089**(6) 6.01 
Sodermanland -0.0001(6) -1.18 0.0069**(6) 4.82 
Ostergotland -0.0002**(6) -2.42 0.0076**(6) 5.14 
Jonkoping -0.0007**(5) -8.42 0.0100**(5) 10.62 
Kronoberg -0.0011**(5) -14.66 0.0111**(5) 10.71 
Kalmar -0.0014**(6) -8.49 0.0108**(5) 6.75 
Gotland -0.0023**(6) -5.84 0.0105**(6) 5.97 
Blekinge -0.0013**(6) -10.12 0.0114**(6) 7.28 
Skane 0.0001(6) 11.56 0.0044**(5) 4.73 
Halland -0.0004*(6) -1.95 0.0084**(5) 6.79 
Vastra Gotaland -0.0004(2) -0.53 0.0065**(5) 5.56 
Varmland -0.0009**(6) -8.49 0.0106**(6) 7.02 
Orebro -0.0003**(6) -4.39 0.0082**(6) 5.27 
Vastmanland -0.0001**(3) -4.73 0.0079**(6) 5.11 
Kopparberg -0.0004**(5) -3.58 0.0086**(5) 5.89 
Gavleborg -0.0010**(4) -17.18 0.0114**(6) 8.35 
Vasternorrland -0.0008**(4) -22.93 0.0117**(5) 7.97 
Jamtland -0.0023**(5) -7.17 0.0124**(5) 6.42 
Vasterbotten -0.0014**(5) -11.78 0.0112**(5) 7.08 
Norrbotten -0.0012**(5) -10.95 0.0120**(5) 6.82 
 
 

Note: The 'leader' is Stockholm in the convergence tests as the income level has been highest in this case. The 

polynomial order selected from the AIC-values varies the lag length from 1 to 6. An average slope value 

deviating from zero at the 5% level of significance is indicated by ** - and * for the 10% significance level.  

 

The conclusion from applying the Nahar-Inder convergence test is straightforward as all 

regions seem to converge toward the national leader, i.e. the income levels of the respective 

capitals is the level towards which regional incomes are approaching. The notion of 

convergence towards the national average income level is less pronounced - although a 
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majority of the regions are found to show up with significant parameter statistics, but from an 

economic point of view income convergence towards a group leader has an easier 

interpretation.  

 

The data presented in Figure 4 for national incomes in constant ppp-dollars can be tested for 

convergence on a bivariate case with the null-hypothesis given by (11) - where the results are 

reported in table 6. 

 

Table 6.  Average slopes and test statistics for the convergence hypothesis - Denmark, 

Norway and Sweden. 

 Average slope Polynomial order t-statistic 

Denmark/Norway -0.0033** 6 -4.25 
Denmark/Sweden -0.0074** 5 -6.85 
Norway/Sweden -0.0002 6 -0.55 
 
Note: The polynomial order selected from the AIC-values varies the lag length from 1 to 6. An average slope 

value deviating from zero at the 5% level of significance is indicated by ** - and * for the 10% significance 

level.  

 

Norway and Sweden are both found to converge towards the Danish income level which is 

also in accordance with the graphs in Figure 4. There is no convergence between Norway and 

Sweden, but more surprisingly when applying the Bernard-Durlauf unit root test given by (3) 

to these data the income differences between the countries are found to be non-stationary, i.e. 

the no-convergence hypothesis is not rejected. 

 

6.  Conclusion 

 

The empirical evidence using income data for the Scandinavian countries reveal that regional 

incomes are converging towards the leading city or region in the respective countries - the 

leader defined as the region with the highest income level throughout the data sample which 

covers the time period since 1970. This conclusion is in accordance with much of the recent 

empirical evidence from other countries where also regional income convergence has been 

detected. Concerning convergence among the Scandinavian countries the conclusion reached 

is that Norway and Sweden are approaching the Danish income level - but this result may be 
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sensitive to the application of the specific purchasing power parity rates in order to convert 

the income levels to comparable magnitudes.  
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