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66. However, export-based measures also suffer from two major limitations: one is a
misrepresentation of the stock of natural resources for some countries and the other is endogeneity.?® For
instance, gross primary exports as a share of GDP tends to boost artificially the importance of resource
endowments in relatively small countries with high shares of both imports and exports, such as Belgium or
Finland (Figure 9, Panel B vs. Panel A). A measure based on the ratio of exports of primary products to
total exports is less exposed to this type of distortion. Conversely, the ratio of export to GDP tends to
underestimate the underlying share of natural resources in countries that are relatively richly-endowed but
also whose domestic consumption tends to be resource-intensive (e.g. the United States).?® All export-
based measures share the problem of reverse causality: Lower-income countries tend to have higher
exports of primary products relative to GDP — or even more so relative to total exports — regardless of
their true endowments.

67. For these reasons, the variable used in the empirical analysis is measured as the ratio of net
exports of primary products (excluding agricultural products) to GDP (Figure 9, Panel C). Relative to the
ratio of gross exports to GDP, it is a better proxy for the stock of natural resources® while being less
vulnerable to endogeneity than a measure based on gross exports of primary products as a share of total
exports. According to this measure, relatively richly-endowed countries include Norway, Australia,
Canada, Denmark and the United Kingdom, which are all net exporters of non-agricultural primary
products. At the other end, countries least endowed in resources are Spain, Greece, Belgium and
Portugal.®* The largest differences relative to the measure based on the share of natural resource wealth in
total capital (stock measure) are found in the case of Finland and, to a lesser extent, Portugal, since both
come out looking less richly endowed on the basis of net exports than suggested on the basis of the stock
measure.

53 Impact on GDP: empirical estimates

68. The measure based on net export as a share of GDP has been added as a potential determinant in
the augmented Solow model. The results are reported in Table 7. In the first four columns, the estimated
equation is specified in level terms, with controls for first-order autocorrelation, while the last column
reports the result for the error-correction specification based on the PMG estimator. In all cases, the long-
run impact of resource endowment on the level of GDP per capita is positive and significant. In the level
specification, the coefficient varies between 0.21 and just under 0.42, depending on whether country or
year fixed-effects are introduced. The long-run coefficient jumps to 1.1 in the equation expressed in error-
correction form, a value which does not seem plausible.

28. Indicators based on annual primary exports data may also be highly volatile (Brunnschweiler, 2006),
although this can be partly tackled by taking averages over longer periods (Lederman and Maloney, 2003).

29. And resource abundance need not necessarily show up in export of primary products, for instance when it
is used to process goods (e.g. energy abundance can result in exports of energy-intensive goods rather than
export of energy).

30. Indeed the cross-country correlation with the measure based on the stock of natural wealth rises from 0.72
to 0.79 when net exports of primary products are used as opposed to gross exports.

31. It could be argued that some of these countries are richly endowed in another form of natural resource —
sun and beaches — which drives tourism but which is ignored in traditional measures.
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Table 7. Basic framework with natural resources®

Error
Dependant vari.able level level level level correction
GDP per capita AR (1) AR (1) AR (1) AR (1) PMG
0] )] 3 C)) 6))
Common parameters
Physical capital 0.190*** 0.178*** 0.191*** 0.194*** 0.293***
(0.020) (0.020) (0.020) (0.017) (0.040)
Human capital 0.314%** 0.729%*** 0.327*** -0.095 0.992***
(0.128) (0.071) (0127) (0.150) (0.242)
Population growth” -0.005 -0.007 -0.005 -0.002 =(.354Hk*
(0.018) (0.022) (0.018) (0.018) (0.076)
Natural resources 0.405*** 0.418*** 0.401*** 0.213** 1.146%**
(0.113) (0.108) (0.113) (0.103) (0.317)
Weighted sum of market 0.050%*** 0.068*** 0.050%*** 0.060*** 0.134**
and supplier access (0.015) (0.009) (0.015) (0.016) (0.054)
Rho’ 0.880 0.946 0.881 0.774
Country-specific parameters
Lambda* -0.153%*x*
(0.020)
Time trend no no yes yes yes
Fixed effects
Country yes no no yes yes
Year yes yes yes yes no
Sample size
Total number of observations 696 696 696 696 696
Number of countries 21 21 21 21 21

Note: Standard errors are in brackets. *: significant at 10 % level; ** at 5 % level; *** at 1 % level.

1. The functional forms corresponding to the "level" and "error-correction” specifications are reported in section 2.2.
In the level specification, standard errors are robust to heteroscedasticity and to contemporaneous correlation
across panels. In the error-correction specification, only long term parameters are reported.

2. The population growth variable is augmented by a constant factor (g + d) designed to capture trend growth in
technology and capital depreciation. This constant factor is set at 0.05 for all countries.

3. rhois the first-order auto-correlation parameter.

4. The parameter lambda is the average of the country-specific speed adjustment parameter, A;.

69. Taken at face value, these results suggest that OECD countries have on average escaped the
resource curse and/or the Dutch disease. In this regard, the positive effect of natural resources contrasts
with empirical findings based on samples of developed and developing countries (Sachs and Warner,
1995). This could be taken as an indication that the quality of institutions or policies is the real underlying
factor driving the negative correlation between resource abundance and income in studies with large cross-
country samples.® The estimates obtained from the two specifications (levels and error-correction)

32. Indeed, recent empirical evidence has shown that the detrimental effects of natural resource abundance on
growth is not significant after controlling for institutional quality or trade openness (Brunsschweiler, 2006;
Arezki and van der Ploeg, 2007).
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indicate that natural resources contribute to raise GDP per capita relative to the OECD average in Norway
and, to a lesser extent, Australia and Canada (Figure 10). The difference in parameter estimates between
the level and error-correction specification implies variation over a wide range in the case of Norway
(between 8 and 24%). Most other countries are relatively resource-poor compared with the OECD average
and natural resources therefore contribute to lower GDP per capita relative to the average but the effect is
less than 5%.

Figure 10. Estimated impact of natural resources on GDP per capita1

Deviation from average OECD country in 2000-04

B Level specification (Table 7, column 1) XError correction specification (Table 7, column 5)
];gr cent
X
20 -
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1. Contributions of natural resources to GDP per capita are based on Table 2. They are computed as differences to
the average country and on average over the period 2000-04. For example, based on the estimate from the level
specification, the favourable resource endowment in Norway contributes to raise his GDP per capita by over 8 %.
Because of a break in the series due to the reunification, data for Germany were used only for the period 1970-
1989. Therefore, Germany is not included in the figure.

6. Overall economic impact and policy implications
6.1 Overall impact
70. In order to summarise the contribution of proximity to markets and natural resources to GDP per

capita over the whole period, Table 8 uses the parameters estimated from the preferred specification, i.e.
column (1) of Table 7. In each case, the contribution is measured relative to the average country, and is
reported both as an average over the period 2000-2004 and as a change since 1970.
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Table 8. Impact of market and supplier access and natural resources on GDP per capita, per cent!

Market and supplier access Natural resources
Difference to average Change Difference to average Change
country in 2000-2004 since 1970 country in 2000-2004 since 1970
Parameter (0.050) (0.050) (0.405) (0.405)
Australia -10.6 -1.5 1.7 0.2
Austria 1.8 -0.4 -0.8 -0.5
Belgium 6.7 0.2 -12 -0.3
Canada 2.1 1.1 1.7 -0.4
Denmark 22 0.5 0.3 0.8
Finland 2.4 -0.6 -1.0 -0.4
France 3.4 0.2 -0.7 -0.6
Greece -3.7 0.1 -1.1 -1.4
Ireland 0.6 -0.6 -0.7 -0.5
Italy 1.3 0.0 -0.8 -0.4
Japan 3.0 1.0 -0.8 0.0
Netherlands 5.6 0.9 -0.5 -0.5
New Zealand -10.1 -0.9 -0.5 -0.2
Norway -1.5 -0.2 8.5 7.7
Portugal 2.7 12 -13 -1.1
Spain -1.2 13 -1.0 -0.8
Sweden -1.4 0.7 -0.6 -0.6
Switzerland 3.3 -1.1 -0.7 -0.4
United Kingdom 3.8 -1.0 0.1 0.6
United States -0.3 0.4 -0.6 -1.1
Minimum -10.6 -1.5 -1.3 -14
Maximum 6.7 1.3 85 7.7
Average 0.0 0.0 0.0 0.0

1. In order to evaluate the impact of access to markets and natural resources on GDP per capita, the parameters
used are those obtained from Table 7, column (1). Based on these estimates, and taking Australia and proximity to
markets as an example, the table should be read as follows: compared with the average country in the sample, the
distance to markets of Australia contributes to lowering its GDP per capita by 10.6% on average over the 2000-04
period. This is an addition of 1.5 points relative to the same contribution calculated for 1970. Because of a break in
the series due to the reunification, data for Germany were used only for the period 1970-1989. Therefore, Germany
is not included in the table.

71. Three main results emerge from these calculations. First, as mentioned earlier, the order of
magnitude of the impact of remoteness is important, ranging from around -10% of GDP for Australia and
New Zealand to +6% for Belgium and the Netherlands. Second, these effects have not changed much over
the period, reflecting that geographic factors are generally stable over time. Nevertheless, it seems that the
unfavourable position of Oceanic countries has deteriorated somewhat over time, while economic
integration has moved Spain, Portugal and Canada closer to central markets. Finally, the contribution of
net exports of raw materials is the most significant for Norway, reaching 8.5% of GDP at the end of the
period, while that contribution was minimal in the early 1970s as oil extraction had hardly started at the
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time. Australia and Canada are the two other countries that benefit from natural resources relative to the
average country.

72. An alternative way to assess the explanatory power of the geography variables is to compare the
standard deviation of the fixed effects before and after the inclusion of these variables. In the augmented
Solow model, these country fixed effects account for 72% of the cross-country variance in GDP per capita
(Table 9).** When geography variables are included (Table 7, column 1), the variance explained by the
fixed effects is reduced from 72% to 55%.

Table 9. Size of country fixed effects and share of variance explained by fixed effects

Average GDP per capita, Fixed effects Fixed effects
1970-2004 (deviation from Augmented-Solow Augmented-Solow + Geography
the OECD average) Table 1, Column 1 Table 7, Column 1

Australia 7.9 1.9 10.6
Austria 8.5 52 4.1
Belgium 4.0 7.3 22
Canada 12.2 72 4.5
Denmark 11.3 10.8 9.3
Finland -3.5 -4.1 -0.9
France 7.6 9.5 6.8
Greece -30.8 -26.0 -22.2
Ireland -20.6 -13.0 -12.9
Italy 0.2 6.9 6.2
Japan -4.2 -13.2 -14.9
Netherlands 6.5 7.0 1.6
New Zealand 21.1 -24.6 -14.3
Norway 27.9 22.7 19.1
Portugal -44.6 -36.3 -32.8
Spain 21.1 -10.1 -8.2
Sweden 13.7 15.4 17.1
Switzerland 29.1 21.9 18.9
United Kingdom -0.4 3.0 -0.8
United States 17.5 14.6 15.9
Standard deviation 0.191 0.161 0.142
Variance 0.036 0.026 0.020
Share of variance 0.716 0.553

1. Because of a break in the series due to the reunification, data for Germany were used only for the period 1970-
1989. Therefore, Germany is not included in the table.

73. The country fixed effects may in this regard be interpreted as the estimated difference in
productivity levels relative to the average country and on average over the whole period of estimation.
Based on the standard augmented-Solow model (i.e. ignoring geography), the estimated country fixed
effects put Australia slightly above the average country, while New Zealand lags by 25%. Once geography

33. The dispersion across countries of the average (log of) real GDP per capita over the period is 0.191,
whereas the standard deviation of the country fixed effects in the estimated steady-state (Table 1,
column 1) is 0.161 and (0.161/ 0.191)2 = 72%.
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is controlled for, Australia moves 10% ahead, suggesting that it has managed to overcome the effect of its
unfavorable location, whereas New Zealand remains behind the average country, but only by 14%. Taking
geography determinants into account does not change the relative position of the United States, which lies
15% ahead of the average country. Also, the estimated favorable fixed effects for Belgium and Netherlands
in the augmented-Solow framework appear to be almost entirely due to centrality, whereas the converse
seems to apply for Finland.*

6.2 Policy implications

74. The economic-geography effects discussed above imply that GDP-per-capita or productivity gaps
cannot on their own be used as a measure of unfinished business of policy. Adopting best practice policy
across all policy areas will not allow some countries to attain best performance because they are penalised
by their location; others may be able to attain very high levels of performance without aligning their
policies on best practice. This section briefly reviews some of the policy issues linked to unfavourable
geographical location: how best to minimise the costs due to distance and whether the effectiveness of
some structural policies are affected by remoteness.

6.2.1 Minimising the cost of distance

75. The high cost of distance, up to 10% of GDP, raises the question of whether public subsidies to
transportation are warranted to reduce shipping costs for companies and individuals. Indeed, if distance has
negative externalities, there would seem to be a prima facie case for public intervention to correct such
externalities. Budgetary subsidies for urban passenger transportation are common in many OECD
countries, but are rare for long-distance, notably cross-border, transportation of goods. However, long-
distance transportation already benefits from large implicit subsidies. Most importantly, many
transportation activities result in environmental damage, and transportation companies and their clients are
not charged for this degradation. This is notably the case for air pollution and greenhouse gas emissions in
some modes of transportation where regulations on emissions are lax and fuel use is lightly taxed, air and
maritime transportation being prime examples. In most countries, road transportation also benefits from not
having to pay for the congestion it causes and free access to the road network. Any decisions to provide
additional subsidies to transportation would also have to take into account the cost of raising funds for this
purpose, and the risk of failure in managing such subsidies.

76. The authorities can also ensure that prices of transportation services are not inflated by
regulations that reduce efficiency and increase costs. Traditionally, transportation sectors have been
heavily regulated and exempted from standard competition legislation with adverse effects on costs. Over
the past decades, regulations in domestic markets have been eased substantially, especially in road and air
transportation (Conway and Nicoletti, 2006). However, cross-border freight transportation is still subject to
extensive regulations. Competition pressures in international air routes often remain fairly weak due to
restrictive bilateral air service agreements and limits to ownership of national carriers. Road transportation
on many international routes is hampered by lack of “cabotage” rights. And international scheduled
maritime freight services are still operated as price-setting cartels on many key routes, reflecting that this
activity is exempted from national competition legislation in many OECD countries. Moreover, port

34. A similar exercise cannot be replicated concerning the impact of the transport costs variables. The reason is
that, as shown in the previous section, the effects of transport costs are robust only via their impact on
international trade. The fixed effects obtained from a specification that includes trade openness as a
determinant of GDP per capita could have been reported, but these would be misleading as transport costs
are one of the determinants of trade only.
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efficiency varies widely across countries and affects shipping costs significantly, in part due to regulatory
restrictions hampering competition in port services (Clark, Dollar and Micco, 2004).

6.2.2 Distance and the effectiveness of structural policies

77. Remoteness can in principle influence the effectiveness of some structural policy measures, with
implications for policy choices A possible interaction between policy and distance is that a given policy
change to strengthen competition in domestic product markets may have a weaker influence in remote
countries than in countries close to large markets, even if such reforms are arguably more needed in the
former group of countries as they have limited alternatives to enhance competition. In countries at a large
distance from world markets, there may not be room for many competitors in some sectors if the efficient
scale of operation is close to the size of the market. In such circumstances the lifting of statutory entry
barriers may not stimulate entry, as the size of the market will de facto restrict the number of competitors.
On the other hand, if legal entry barriers are the binding constraint on entry as seems more likely in
countries close to world markets, then lowering such barriers should stimulate competition.
Notwithstanding the intuitive appeal of such arguments, no evidence that distance significantly interacts
with a measure of competition-restraining regulations could be found on the basis of an admittedly crude
empirical investigation. Indeed, the first three columns of Table 10 show, first, that both product market
regulation and access to markets remain significant when they are jointly included in the basic equation
and, second, that the interaction between regulation and proximity is not significant.
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Table 10. Geography and the effectiveness of structural policiesl

Dependant variable level level level level level level level level
GDP per capita AR (1) AR (1) AR (1) AR (1) AR (1) AR (1) AR (1) AR (1)
@ €3] (©)) (O] ® © (Y] ®
Physical capital 0.209*** 0.214%%* 0.213%*% 0.222 %3k 0.213%#* 0.233%%* 0.230%** 0.23]%%*
(0.021) (0.022) (0.022) (0.023) (0.023) (0.024) (0.024) (0.023)
Human capital 0.240%*** 0.240%** 0.207%** 0.203%* 0.223%* 0.371 %% 0.472%%* 0.574%%*
(0.087) (0.079) (0.080) (0.090) (0.095) (0.119) (0.127) (0.140)
Population growth” -0.031 -0.021 -0.022 0.018 0.019 -0.005 -0.010 -0.009
(0.021) (0.022) (0.022) (0.035) (0.035) (0.022) (0.022) (0.022)
Weighted sum market 0.053*** 0.050*** 0.041** 0.036* 0.043** 0.039**
and supplier access (0.018) (0.018) (0.021) (0.019) (0.020) (0.019)
Natural resources 0.421%** 0.407*** 0.362%* 0.347** 0.298**
(0.127) (0.126) (0.141) (0.141) (0.138)
PMR’ -0.035* -0.044** -0.041%*
(0.019) (0.020) (0.020)
PMR*Population density 0.006
(0.006)
PMR*Weighted sum market -0.004
and supplier access (0.009)
Business R&D* 0.027* 0.031*
(0.015) (0.016)
Business R&D*Urban 0.114**
concentration (0.056)
Business R&D*Weighted sum 0.007
market and supplier access (0.009)
Human capital*Urban 0.886*** 1.271%%*
concentration’ (0.191) (0.260)
Human capital*Population -0.117*** -0.204***
density’® (0.036) (0.048)
Time trend 0.017%** 0.017%** 0.017*** 0.020%** 0.020%** 0.018*** 0.017*** 0.016%**
(0.001) (0.001) (0.001) (0.001) (0.001) (0.001) (0.001) (0.001)
Rho’ 0.843 0.817 0.828 0.857 0.853 0.829 0.842 0.855
Fixed effects
Country yes yes yes yes yes yes yes yes
Sample size
Total number of observations 595 595 595 344 344 696 696 696
Number of countries 21 21 21 21 21 21 21 21

Note: Standard errors are in brackets. *: significant at 10 % level; ** at 5 % level; *** at 1 % level.

1. The functional form corresponding to the "level" specification is reported in section 2.2. Standard errors are robust to
heteroscedasticity and to contemporaneous correlation across panels. All interaction variables are constructed from the
demeaned respective variables. That way, the estimated parameters on the non-interacted variables still measure the average

effect of these variables.

2. The population growth variable is augmented by a constant factor (g + d) designed to capture trend growth in technology and

capital depreciation. This constant factor is set at 0.05 for all countries.
3. PMR is the product market regulation index which is built in a 0-6 scale. It is introduced in logs.

4. Due to limitations in data, the sample for regressions involving R&D spending is substantially reduced. This is because data on
R&D are generally only available from 1981 to 2003/04, and 6 of the 21 countries do not have sufficiently long series to be

included. Note also that private R&D is entered in the regression with one lag.

5. Urban concentration is the share of the country population living in cities of more than 1 million inhabitants.

6. Population density measure is the ratio of population to surface area.
7.  rhois the first-order auto-correlation parameter.
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78. Another area where the effectiveness of policies might be expected to vary depending on distance
is R&D spending.®* Such activity is likely to involve significant fixed costs and thus be subject to
economies of scale. With distance limiting the size of the market, the unit cost of innovation can be
expected to be higher in remote countries than in countries close to large markets where fixed costs can be
spread more widely. Hence, a given increase in public and/or private R&D spending is likely to have a
greater leverage and therefore a greater GDP-per-capita impact in countries with short distance to markets
than in more remote countries. Furthermore, insofar as the effectiveness of public and/or private R&D can
be influenced by the strength of industry and science linkages or by close interactions between researchers
from various institutions, the impact of R&D on GDP per capita may vary according to the extent of urban
concentration within a country.

79. These possibilities are examined via the introduction in the estimated equation of two interaction
terms, one between private R&D and distance and the other between private R&D and the share of the
country population living in cities of more than 1 million inhabitants (urban concentration). A measure of
R&D intensity (business R&D as a ratio of GDP) is first introduced as an additional determinant in the
augmented Solow model (Column 4), where it comes out significant (although at the 10 per cent
confidence level). The specification with the two interaction terms is then shown in Column 5 of Table 10,
where the results suggest that the effectiveness of private R&D intensity is significantly influenced by the
degree of urban concentration, but not by distance to major markets.*

80. A third policy area where geographic factors might be important is human capital formation. In
this case, however, the relevant geographic factor is not distance to world markets but rather economic
density, in particular the degree of agglomeration. A hypothetical benefit of agglomeration is that there are
strong knowledge spillovers associated with proximity, whereby “tacit” or informal knowledge is
transmitted via face-to-face contact. To the extent that such kind of knowledge is related to cognitive skills
acquired during formal schooling, reforms that strengthen educational performance may have stronger
productivity raising effects in densely populated urban centres than in areas where population density is
lower. If this were to be the case, countries where the population is concentrated in large urban areas would
benefit more from educational reforms than countries where the population settlement is more dispersed.
The preliminary empirical evidence, as reported in the last three columns of Table 10, is inconclusive.
Taking the estimates at face value, the impact of human capital on GDP per capita seems to be
strengthened by urban concentration, whereas the opposite result is obtained when the density measure is
the ratio of population to surface area.

7. Conclusions

81. This paper examines how much of the dispersion in economic performance across OECD
countries can be accounted for by economic geography factors. More specifically, two aspects of economic
geography have been examined, namely the proximity to areas of dense economic activity and
endowments in natural resources. To do so, various indicators of distance to market, transportation costs,
and dependence on natural resources have been added sequentially as determinants in an augmented Solow
model, which is used as a benchmark.

35. R&D spending was left out from the specifications in previous sections because limitations in data
availability would have led to a substantial reduction in sample size (from nearly 600 to around 350
observations), and also because the focus of the study is on economic geography determinants.

36. In this specification, the ratio of R&D spending to GDP is used as a proxy for investment in innovation.
Although in absence of knowledge depreciation, a decline in the R&D intensity should not lead to a fall in
GDP per capita, the specification implies that a switch to a steady-state corresponding to a lower R&D
intensity would entail moving to a path with a lower GDP per capita.

43



ECO/WKP(2008)10

82. Three measures of distance to markets are found to have a statistically significant effect on GDP
per capita: the sum of bilateral distances, market potential and the weighted sum of market access and
supplier access. And the estimated economic impact, which varies somewhat across specifications, is far
from negligible. For instance, the lower access to markets relative to the OECD average could contribute
negatively to GDP per capita by as much as 10% in Australia and New Zealand. Conversely, the benefit
from a favourable location could account for as much as 6-7% of GDP in the case of Belgium and the
Netherlands. The impact of transport costs on GDP per capita is also found to be statistically significant,
albeit less so in economic terms. For instance, differences in transport costs relative to the OECD average
contribute to reduce GDP per capita by between 1.0% and 4.5% in Australia and New Zealand. At the
other end, the lower transport costs for Canada and the United States contributes to raise GDP per capita
relative to the average OECD country, but only by a small margin varying between 0.5% and. 2.5%. These
guantitatively smaller effects are consistent with transportation costs being only one aspect of distance-
related costs. Finally, endowments in natural resources, as measured by the ratio of net exports of primary
products (excluding agriculture) to GDP, are found to have a significant positive effect on GDP per capita.
This suggests that OECD countries have, on average, escaped the natural resource curse or severe forms of
Dutch disease.

83. Considering the substantial estimated effect that distance/proximity to major markets has on GDP
per capita, one issue is whether there is a role for public authorities to subsidise international transport, at
least in the most remote countries, so as to partly compensate for additional trade costs incurred. Against
this, it can be argued that transport is already subsidised in many ways, if only because transport industries
only partly bear the cost of negative externalities such as pollution and road congestion. Moreover,
subsidisation involves well-known issues of government failure. Less controversial, public policies can
also contribute to reduce the cost of transportation by strengthening competition in transport industries,
which have in the past been heavily regulated. However, considering that since the mid-1980s domestic
regulation has been eased to some extent, at least in air and road transport, further gains in this area may
come from reductions in regulatory barriers to cross-border freight transport, an area where less progress
has been achieved.

84. Insofar as distance or remoteness may affect the effectiveness of policy, another policy issue is
whether the possibility that what constitutes “best practice” in a particular area may differ across countries.
Some tentative estimates of these effects have been conducted with respect to product market regulation,
human capital and R&D spending. The preliminary results do not provide strong evidence of an impact of
remoteness on the effectiveness of policy in these areas. However, there is some evidence that spending on
R&D and human capital might have a stronger effect on GDP per capita in countries with higher urban
concentration.
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ANNEX: THE AUGMENTED SOLOW MODEL

A.1. The augmented Solow model in empirical analysis

85. The Solow (1956) model has been widely used as a theoretical framework to explain differences
across countries in income levels and growth patterns. The model is based on a simple production function
with constant returns-to-scale technology. In the augmented version of the model (Mankiw, Romer and
Weil, 1992), output is a function of human and physical capital, as well as labour (working-age population)
and the level of technology. Under a number of assumptions about the evolution of factors of production
over time, the model can be solved for its long-run (steady-state) equilibrium whereby the path of output
per capita is determined by the rates of investment in physical and human capital, the level of technology,
and the growth rate of population. In the steady-state, the growth of GDP per capita is driven solely by
technology, which is assumed to grow at a (constant) rate set exogenously in the basic model.

86. In an earlier analysis, summarised in OECD (2003), a wide range of variables were added to the
basic model as potential determinants. For instance, in the specifications based on economy-wide data, the
set of additional variables included measures of inflation, indicators of government size and financing,
measures of R&D intensity, as well as proxies for financial development and exposure to international
trade. Given the large number of potential determinants, as well as their heterogeneity in terms of country
coverage and time-series availability, the additional variables were never introduced all at once but rather
by groups through various specifications. However, the three basic determinants of the augmented-Solow
model — physical capital, human capital and population growth — were systematically included in all
specifications. And, the coefficient estimates on these core variables appeared fairly robust to the
sequential inclusion of the additional variables.

87. The long-run relationship derived from the augmented Solow model can be estimated either
directly in its level form, or through a specification that explicitly takes into account the dynamic
adjustment to the steady state. Estimates of the long-run relationship in static form have been used in the
literature (e.g. Mankiw, Romer and Weil, 1992; Hall and Jones, 1999; Bernanke and Girkaynak, 2001), in
particular in studies focusing on income level differentials across countries. However, since the model has
often been used in the empirical growth literature to examine issues of convergence, some form of dynamic
specification has been more common. The two types of specification - static or dynamic - can be expected
to yield similar results if countries are not too far from their steady-states or if deviations from the latter are
not too persistent.

88. In principle, a dynamic specification is preferable, even when the interest is mainly on the
identification of long-run determinants. This is because persistent deviations from steady-state are more
likely to lead to biased estimates of the long-run parameters in static regressions, especially when the time-
series dimension of the sample is relatively short, as is the case for this study (maximum length
1970-2004). In practice, estimating dynamic panel equations is also fraught with econometric problems
(Durlauf and Quah, 1999). Furthermore, a major drawback with the most common techniques based on
dynamic fixed-effect estimators is that only the intercepts are allowed to vary across countries, implying
that all countries converge to their steady-state at the same speed, an assumption unlikely to hold even
among developed countries.*

37. The implications of imposing invalid homogeneity restrictions on slope parameters in the context of
dynamic panel estimates are discussed in Lee, Pesaran and Smith (1997).
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89. To address the latter issue, the previous OECD analysis relied essentially on the Pooled Mean
Group (PMG) estimator, which allows for short-run coefficients and the speed of adjustment to vary across
countries, while imposing homogeneity on long-run coefficients. However, even though the PMG
estimation technique is intuitively appealing and perhaps the most suitable under some conditions, it is not
without limitations especially when such conditions are not met. For instance, due to the large number of
parameters and the non-linear constraints, the maximum likelihood estimation technique is prone to
problems of convergence on local optima. And, experience suggests that parameter estimates can be
particularly sensitive in presence of multi-collinearity among regressors, with some parameter values being
in such cases too large (and unstable) to be plausible.

A.2. Formal presentation of the model *

90. The underlying growth framework is the neoclassical growth model augmented with human
capital (Mankiw, Romer and Weil, 1992). The production function is Cobb-Douglas:

Y (t)= K@) H @) (At)LE)

where Y,L,K and H are output, labour, physical and human capital, respectively, and A is the level of
technology. L and A are assumed to grow exogenously at rates n and g. s, and s, being the investment

rates in physical and human capital respectively, the dynamics of the reproducible factors are:

K(t) = s, OAD) 2 k(®)*h(t)® —(n(t) +d) k()
h(t) = s, OA®D) " k()2 h(t)® - (n(t) +d) h(t)

where k=K /L and h=H /L denote the stocks of capital per unit of labour and d is the time-invariant
depreciation rate. Under the assumption of decreasing returns to physical and human capital (a+b <1), this
growth model generates the following steady states, denoted by *, where y=Y /L

l-a-b

Log k™ (t) = Log A(t) +

Log sy (t) + Log(g +d +n(t))

Log s, (t) —
l-a-b 95n(® l-a-b

1‘ab Log s, (t) -

Log h™(t) = Log A(t) + Log sy (t) + Log(g +d +n(t))

l-a-b l1-a l-a-b

Log y” (t) = Log A(t)+&(Log sy (1) —Log(g+d + n(t)))+% Log h™(t)

The steady-state of human capital in the last equation is unobservable, but a log-linearisation leads to:
Log h”(t) = Log h(t) + £.ALog h(t)

& being a function of the technological parameters (a,b). Consequently, the income steady-state is given
by the following level equation:

Log y" (t) = é Log s, (t) —é Log(g+d + n(t))+% Log h(t) +%§ ALog h(t)+ Log A (0) + gt

(level equation)

38. This section borrows from Bassanini and Scarpetta (2001).
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91. The level equation ignores the dynamics to the steady state. A linear approximation of the
transitional dynamics can be expressed as follows:

Log y(t) = (1-A)Log y(t-1)+ALog y () <

ALog y(t) = —A{Log y(t-1) —(i Log s, (t) -2 Log(g+d+ n(t))+L Log h(t) +L§ ALog h(t)+ gt HVH
l-a 1-a 1-a l1-a

where A=(1-a-b)(g+d+n) is the annual speed of convergence and w =Log A(0)+g(l-A)/A is a

constant. In order to obtain the error-correction form, short-run dynamics around the transition path has to
be accounted for. Taking the maximum lag as being one, the following is obtained:

ALog y(t) = —A{Log yt-1) -(& Log s, (t) -ﬁ Log(g+d + n(t))+£ Log h(t) +£§ ALog h(t) + g tﬂ

+ay +a;ALog s, (t) +a,ALog(g +d +n(t))+a,ALog h(t) +a,A%Log h(t)
(error correction equation)

92. The error correction equation could be estimated by imposing the homogeneity of all the
coefficients across countries. Such restrictions are generally not supported by the data. An alternative
specification, the Pooled Mean Group, proposed by Pesaran, Shin and Smith (1999) consists in allowing
short-run coefficients, the speed of adjustment and error variances to differ across countries, while
imposing homogeneity on long-run coefficients. Formally, the following specification is estimated:

ALog y; (t) = —A{Log yi (t—l)—(é Log s, ()~ Log(g +d +n, (t))+% Log h (t)+%§ALog h (8) + gtﬂ
+a; +8;;AL0g Sy (t) + a5 ALog(g +d +n; (t))+azALog h; (t) + a4 A% Log h; (1) + &
& iid.acrossiand t , Var(s,)=o?
(error correction equation, PMG)

93. It is common to impose g+d in Log(g+d+n(t)) to be equal to 0.05. Based on the Cobb-

Douglas production function, the physical and capital shares are equal to a and b, respectively. These two
parameters should therefore be around 1/3. Consequently, the coefficients that are consistent with the
model above should be close to 0.5 for both Logs, and Logs,, with a speed of convergence of around

(1-a-b)(g+d+m) ~(@1-1/3-1/3).(0.05+0.02) ~ 0.023.

94, The empirical framework above is actually fairly general and consistent with various endogenous
growth models, but with different interpretation of the parameters (Bernanke and Girkaynak, 2001). In
particular, the Uzawa-Lucas model generates the following steady state (Piras, 1997; Bassanini and
Scarpetta, 2001):

Log y" () =£ Log s, (t)—é Log(§ +d +n(t))+ Log h(t) + Log A(0) + gt

where g =g+y,.is the steady-state growth rate of GDP per capita, which is the sum of the exogenous
growth rate, g, and of the equilibrium growth rate of human capital per effective unit of labour, ...
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Therefore, one can still assume g+d =0.05. Thus, the steady-state equation is similar to that obtained in

the augmented Solow model, but with the prediction that the coefficient for human capital is equal to 1.
The transitional dynamics along the stable path is:

ALog y(t) = —Z{Log y(t-1) —(i Log s, (t)—% Log(g +d +n(t))+ Log h(t) + & ALog h(t) + g t +Wﬂ

95. with the speed of convergence given by: 1 =(g+d+)(l—a)/a. There are two differences with

the transitional dynamics in the augmented Solow model. First, the human capital coefficient is equal to 1
in the Uzawa-Lucas model instead of around 0.5 in the augmented Solow specification. Second, the speed
of convergence is much faster in the Uzawa-Lucas approach, as a reasonable order of magnitude is

A ~(1-1/3)/(1/3).(0.05+0.02) ~ 0.14 instead of 0.02 previously.

51



ECO/WKP(2008)10

WORKING PAPERS

The full series of Economics Department Working Papers can be consulted at www.oecd.org/eco/Working_Papers/

601.

600

599

598.

597.

596.

595.

594,

593.

592.

591.

590.

589.

588.

587.

Estimating a supply block for Poland
(April 2008) Rafal Kierzenkowski, Patric Ollivaud, Franck Sédillot and Philippe Briard

Product market regulation and economic performance across Indian states
(March 2008) Paul Conway, Richard Herd and Thomas Chalaux

Improving product market regulation in India: an international and cross-state comparison
(March 2008) Paul Conway and Richard Herd

Revenue buoyancy and its fiscal policy implications
(February 2008) Isabelle Joumard and Christophe André

Monetary policy, market excesses and financial turmoil
(February 2008) Rudiger Ahrend, Boris Cournéde and Robert Price

Explaining differences in hours worked among OECD countries: an empirical analysis
(February 2008) Sven Blondal and Jean-Marc Burniaux

Fiscal policy in India: past reforms and future challenges
(February 2008) Richard Herd and Willi Leibfritz

The significance of Switzerland’s enormous current-account surplus
(March 2008) Peter Jarrett and Céline Letremy

Interdependencies between monetary policy and foreign-exchange intervention under inflation
targeting: the case of Brazil and the Czech Republic
(January 2008) Jean-Yves Gnabo, Luiz de Mello and Diego Moccero

Solow or Lucas? Testing growth models using panel data from OECD countries
(December 2007) Jens Arnold, Andrea Bassanini and Stefano Scarpetta

The private internal rates of return to tertiary education: new estimates for 21 OECD countries
(December 2007) Romina Boarini and Hubert Strauss.

Making federalism work
(December 2007) Alexandra Bibbee

The wage premium on tertiary education: New estimates for 21 OECD countries
(December 2007) Hubert Strauss and Christine de la Maisonneuve

Enhancing the benefits of financial liberalisation
(March 2007) Stefan Ide, Jens Hgj and Patrick Lenain

Improving incentives in tertiary education
(March 2007) Jens Hgj

52



586.

585.

584.

583.

581.

580.

579.

578.

577.

576.

575.

574.

573.

572.

571.

570.

ECO/WKP(2008)10

Globalisation and the European Union: which countries are best placed to cope?
(December 2007) David Rae and Marte Sollie

Primary and secondary education in the United States
(November 2007) Peter Tulip and Gregory Wurzburg

Financing higher education in the United States
(November 2007) Peter Tulip

Corporate net lending: a review of recent trends
(November 2007) Christophe André, Stéphanie Guichard, Mike Kennedy and David Turner

Local government finances: The link between intergovernmental transfers and net worth
(September 2007) Luiz de Mello

Boosting Austria’s innovation performance improving innovation
(September 2007) Willi Leibfritz and Jirgen Janger

Improving employment prospects in the Slovak Republic: Building on past reforms
(September 2007) Andres Fuentes

Improving education outcomes in the Slovak Republic
(September 2007) David Carey

Regulatory reforms in Sweden have boosted productivity
(September 2007) Espen Erlandsen and Jens Lundsgaard

The policy determinants of investment in tertiary education
(September 2007) Joaquim Oliveira Martins, Romina Boarini, Hubert Strauss,
Christine de la Maisonneuve and Clarice Saadi

Product market competition in the OECD countries: taking stock and moving forward
(September 2007) Jens Hgj, Miguel Jimenez, Maria Maher, Giuseppe Nicoletti
and Michael Wise

Too little destruction too little creation: A Schumpeterian diagnosis of barriers to sustained growth
in Ukraine
(September 2007) Christian Gianella and William Tompson

How do the OECD Growth Projections for the G7 Economies Perform? A post-mortem
(September 2007) Lukas Vogel

Austria’s deepening economic integration with Central and Eastern Europe
(August 2007) Rina Bhattacharya

Meeting the challenges of decentralization in France
(July 2007) Stéphanie Jamet

Faire face aux défis de la décentralisation en France
(juillet 2007) Stéphanie Jamet

Enhancing incentives to improve performance in the education system in France

53



ECO/WKP(2008)10

(July 2007) Paul O’Brien
Renforcer les incitations a une meilleure performance du systeme éducatif en France
(juillet 2007) Paul O’Brien

569. Combating poverty and social exclusion in France
(July 2007) Stéphanie Jamet
Lutter contre la pauvreté et I’exclusion social en France
(juillet 2007) Stéphanie Jamet

568. The competition law and policy indicator
(July 2007) Jens Hoj

567. Structural policies and economic resilience to shocks
(July 2007) Romain Duval, Jargen EImeskov and Lukas Vogel

566. Family policy in Hungary: how to improve the reconciliation between work and family?
(July 2007) Philip Hemmings

565. Encouraging sub-national government efficiency in Hungary
(July 2007) Alessandro Goglio

564. Integration of immigrants in OECD countries: do policies matter?
(July 2007) Orsetta Causa and Sébastien Jean

563. The unemployment impact of immigration in OECD countries
(July 2007) Sébastien Jean and Miguel Jiménez

562. Migration in OECD countries: labour market impact and integration issues
(July 2007) Sébastien Jean, Orsetta Causa, Miguel Jiminez and Isabelle Wanner

561. The internationalisation of production, international outsourcing and employment in the OECD
(June 2007) Margit Molnar, Nigel Pain and Daria Taglioni

560. Why has Swedish inflation been persistently low?
(June 2007) Felix Huefner

559. The Swedish housing market — better allocation via less regulation
(June 2007) Felix Huefner and Jens Lundsgaard

558 Linkages between performance and institutions in the primary and secondary education sector
(June 2007) Douglas Sutherland and Robert Price

557. Toward a more efficient taxation system in New Zealand
(June 2007) Annabelle Mourougane

556. Income inequality, poverty and social spending in Japan
(June 2007) Randall Jones

555. Improving the efficiency of health care spending: selected evidence on hospital performance
(May 2007) Espen Erlandsen

54



ECO/WKP(2008)10

554. Cross-country analysis of efficiency in OECD health care sectors: options for research
(May 2007) Unto Hakkinen and Isabelle Joumard

553. What promotes fiscal consolidation: OECD country experience
(May 2007) Stéphanie Guichard, Mike Kennedy, Echkard Wurzel and Christophe André

552. Globalisation and the macroeconomic policy environment
(April 2007) Karine Hervé, Isabell Koske, Nigel Pain and Franck Sédillot

55





