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Abstract

We test the history-augmented Solow model with respect to its predictions on the

patterns of divergence and convergence between the nowadays industrialized countries

of the OECD. We show that the dispersion of incomes increased after the Indus-

trial Revolution, peaked during the Second World War, and decreased afterwards.

This pattern is fully consistent with the transitional dynamics implied by the history-

augmented Solow model.
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1 Introduction

From a historical perspective, today’s industrialized countries have seen their incomes

diverge during the Industrial Revolution. The main reason for this divergence is the dif-

ferential timing in the takeoff to sustained economic growth as implied by the unified

growth theory of Galor and Weil (2000) and Galor (2005, 2011), and as quantified for

different countries in terms of the timing of the demographic transition by Reher (2004).

In later phases of development, however, club convergence has been observed in the sense

that income differences narrowed between countries with similar steady-state characteris-

tics such as the members of the OECD (see, for example, Barro, 1997; Sala-i-Martin, 1997;

Barro and Sala-i-Martin, 2004). Most recently, Dalgaard and Strulik (2013) proposed the

history-augmented Solow (1956) model to reconcile these two dynamics by accounting for

the differential takeoff to growth in an otherwise standard convergence growth regression.

They show that their model-based estimates i) have a higher explanatory power than the

standard approach with respect to the observed long-run income differences between differ-

ent countries; ii) do not suffer from the otherwise common anomaly in growth regressions

that the estimate of the capital share is exceedingly high.

While Dalgaard and Strulik (2013) focus on the long-run steady-state implications

of their framework, we analyze the country-specific trajectories of per capita income as

implied by the transition path of their model. Our test of the model is based on the

notion of σ-convergence (Young et al., 2008), i.e., the change in the dispersion of income

levels between different countries over time. If the history-augmented Solow model is an

accurate description of the underlying data-generating process, then one should observe

an increasing dispersion of incomes first, then a structural break, and finally a reduction

in the dispersion of incomes. We show that this is indeed the case by relying on long-run

data of per capita GDP. Our results give credence to the history-augmented Solow model

and offer additional insights into the dynamics of cross-country inequality over a long time

horizon.

2 The implications of the history-augmented Solow model

for convergence

Following Dalgaard and Strulik (2013), we consider a production function along the lines

of Solow (1956)

Y (t) = K(t)α[A(t)L(t)]1−α, (1)

where Y (t) is aggregate output at time t, K(t) is the input of physical capital in the pro-

duction process, L(t) is employment in production, A(t) is the stock of labor-augmenting

technology, and α is the elasticity of output with respect to physical capital. For a constant

savings rate s ∈ (0, 1), a constant rate of depreciation δ ∈ (0, 1), and a constant popula-

tion growth rate n ≥ 0, it is well-known that income per efficiency unit of labor, ŷ(t) =
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Y (t)/[A(t)L(t)], is constant at the steady state and given by ŷ∗ = [s/(n+ g + δ)]α/(1−α).

Consequently, per capita income along the balanced growth path is driven by the evolution

of technology according to the relationship

y(t) = A(t)

(
s

n+ g + δ

) α
1−α

, (2)

where A(t) grows at the rate of technological progress as given by g = Ȧ/A. Assuming, as

in Dalgaard and Strulik (2013), that the takeoff to positive long-run growth occurred at

time τ < t, the economy experienced ongoing per capita income growth since t− τ years.

Altogether, this implies that per capita income in the long run is given by

y(t) = A(τ)eg(t−τ)
(

s

n+ g + δ

) α
1−α

, (3)

where A(τ) is the level of technology at the time of the takeoff to sustained growth.

Countries that experienced an earlier takeoff (i.e., countries with a lower τ) have a higher

per capita income as of time t. Dalgaard and Strulik (2013) use this equation to derive

a cross-country growth regression equation by which they test their history-augmented

Solow model. They find that adding a proxy for the differential timing of the takeoff –

based upon the data of Reher (2004) – greatly enhances the explanatory power of cross-

country growth regressions and solves the issue that most standard growth regressions

exhibit an exceedingly high coefficient estimate for the elasticity of output with respect to

physical capital, α.

There is, however, another highly interesting implication of the model that is due to its

implied transitional dynamics. Since different countries are very similar before the onset

of the industrial revolution in terms of their income levels, the differential takeoff leads

countries to diverge in terms of their income levels after the first countries experience

their takeoff. As more and more countries transition toward sustained long-run growth,

however, the dispersion peaks at some point and afterwards it starts to decline. We

display the simulated trajectories of the history-augmented Solow model in Figure 1 for five

different groups of countries that can be interpreted as forerunners, followers, latecomers,

and trailers according to the classification of Reher (2004). In case of the latecomers we

assume for illustrative purposes that there are two types of countries. The first group has

a gross savings rate of s = 0.3, while the second group has a higher gross savings rate of

s = 0.4. The associated coefficient of variation between the income levels of the different

country groups is displayed in Figure 2. We observe that the dispersion increases first and

decreases afterwards. In the next section we test whether this pattern is consistent with

the pattern of divergence and convergence that we observe in the data.
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Figure 1: Simulated trajectories for the differential takeoff of five different groups of coun-
tries according to the history-augmented Solow model.
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Figure 2: Coefficient of variation associated with the simulation of the history-augmented
Solow model.
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3 Main results

In order to test the implications of the history-augmented Solow model, we calculate the

coefficient of variation for per capita output in the long run and analyze the data as a time

series to identify the slopes and breakpoints, providing they exist. We use the data of Bolt

and Zanden (2014) which covers the GDP and population series for the following OECD

countries: Australia, Canada, England, Finland, France, Greece, Hungary, Ireland, Japan,

the Netherlands, New Zealand, South Korea, Sweden, and the United States between 1890

and 2000. To tackle the changes in the composition of the sample over time and the

associated size effects, we weight the GDP per capita series by the population size. Doing

so yields a smoother series as compared to the unweighted one.

First, we apply the structural break test of Bai and Perron (2003), which was imple-

mented in the software package “R” by Zeileis et al. (2002, 2003). The minimal size of

segments is set to 30 and the number of structural breaks is set to one, which is a reason-

albe assumption, given the theoretical implications. The Bai–Perron test yields 1942 as

the breakpoint: a brief visual examination shows that indeed, the coefficient of variation

has been increasing before the breakpoint and decreasing afterwards (see Figure 3). In

order to quantify the slope before and after the breakpoint, we apply a segmented regres-

sion as in Muggeo (2003, 2008). In so doing we use the result of the Bai–Perron test as the

initial guess of the breakpoint ψ(0). The advantage of the used method is that it updates

the breakpoint estimate through iterations, yielding a final value ψ̂ of 1949. The results of

this procedure are presented in Table 1 and yield a significantly positive slope before the

breakpoint and a significantly negative slope afterwards. The annual increase of the pop-

ulation weighted coefficient of variation before the breakpoint is given by 1.39%, whereas

the annual decrease after the breakpoint is 0.972%. These results show that there has

been a significant divergence between the different countries until the end of the Second

World War, whereas thereafter the results are consistent with the notion of gradual club

convergence.

Table 1: Segmented regression estimates of the slopes of the trends

Dependent variable: Population-weighted coefficient of variation of per capita GDP

t<ψ̂ 0.0139***
(0.0006)

t>ψ̂ -0.00972***
(0.00072)

Initial breakpoint [ψ(0)] from Bai and Perron (2003) 1942

Updated ψ̂ 1949
Adjusted R sq. 0.8829

Note: Standard errors are reported in parentheses. *** p<0.01, ** p<0.05, * p<0.1
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Figure 3: Population-weigthed coefficient of variation of per capita GDP; breakpoint and
segmented trend estimation.

4 Conclusions

We put the history-augmented Solow model with respect to its predictions on cross-country

divergence and convergence since the Industrial Revolution to the test. The transition

phase toward the long-run steady state of the model implies increasing dispersion of in-

comes first and decreasing dispersion in later phases. This pattern is supported by the

data for the nowadays industrialized OECD countries, which gives further credence to the

history-augmented Solow model as suggested by Dalgaard and Strulik (2013).
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