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Abstract
The paper studies the convergence and growth behavior of 11 Central and Eastern 
European members states of the European Union between 2000–2019, using a modi-
fied development accounting approach based on the neoclassical growth model. The 
main goal of the exercise is to decompose the still existing development gap relative 
to Western Europe (Austria) into three components: convergence, productivity, and 
long-run factors. The latter may include general institutional features such as popu-
lation growth, or capital market imperfections measured by the capital wedge. The 
capital wedge is identified by leveraging the neoclassical growth model’s ability to 
explain the observed behavior of the capital-output ratio. The main conclusions are 
that for most countries, lower productivity and capital distortions are both important 
to understand underdevelopment. Economic policy, therefore, should primarily tar-
get productivity growth and a free and efficient capital market.
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1 Introduction

Economic convergence of poorer countries and regions to their richer peers is a core 
concept in the study of growth and development. Empirical evidence is mixed, but 
there is broad support for conditional convergence.1 This means that (i) countries 
tend to converge to their own long-run equilibria determined by their institutions 
and policy environment, and (ii) absolute convergence is more likely to be found 
among countries with similar institutions.

European countries and regions have been studied extensively in the context of 
convergence. Assuming that at the very least countries of the European Union share 
a common institutional environment, poorer members are expected to catch up with 
the more advanced EU economies. Convergence has indeed been found, although 
the global financial crisis (GFC) has interrupted the process for the Mediterranean 
countries of Portugal, Spain and in particular, Greece.2

The new Eastern European member states (EEE from now on) are a good labora-
tory to study convergence behavior.3 They were all planned economies before 1990, 
mostly part of the former COMECON block dominated by the Soviet Union.4 After 
1990, they all embarked upon building functioning market economies, driven both 
by economic necessity and a desire to join the European Union. After a deep reces-
sion, they have experienced a mostly successful 25 years of strong convergence to 
Western European countries.5 Table 1 shows that relative GDP per capita for each 
country, compared to Austria, increased significantly between 1995 and 2019. At 
one extreme, Bulgarian relative development increased by 13 percentage points. At 
the other extreme, Lithuanian relative GDP per capita has risen by an astonishing 40 
percentage points between 1995 and 2019. The main goal of this paper is to identify 
whether and how this observed convergence process may continue in the future.

The 1990 change of the economic and political regime meant that the EEE can 
be viewed as fairly clean experiments for the predictions of neoclassical growth the-
ory. Their starting position in the early 1990s can be reasonably approximated as 
exogenously given, since their earlier institutions were imposed on them externally.6 

1 Conditional convergence among a broad set of countries was documented by the seminal paper of 
Mankiw et al. (1992).
2 Convergence among European union countries and regions was found by Cuaresma et al. (2014).
3 The countries included in the analysis are Czechia, Estonia, Hungary, Latvia, Lithuania, Poland, Slova-
kia, Slovenia (joined the EU in 2004), Bulgaria, Romania (joined in 2007) and Croatia (joined in 2013). 
Malta and Cyprus, which also entered the EU in 2004, have a different historical background, so I omit 
them from the study.
4 The three Baltic countries were formally part of the Soviet Union. Croatia and Slovenia, within Yugo-
slavia, had a similar economic system, but were independent of the Soviet block, and allowed more 
autonomy in firm and household decisions. While important if one wants a detailed study of the different 
paths followed by the 11 economies, from now on I do not discuss historical and institutional differences 
further.
5 For the reference country I use Austria, which has a similar population, economy and history as most 
countries in the sample.
6 Again, the former Yugoslavian countries are partial exceptions, but even Yugoslavia was a strongly 
centralized state dominated by Serbia.
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Adopting Western institutions and market economies meant that (full or partial) eco-
nomic convergence was expected from the beginning.

This paper uses the standard neoclassical growth model with capital accumula-
tion and exogenous technological growth to study the convergence behavior and 
relative development of the EEE. Differences in GDP per capita in the neoclassical 
framework can be decomposed into four main components: total factor productivity, 
capital intensity due to initial conditions, capital intensity in the long-run, and labor 
input. After deriving the decomposition, I use macroeconomic data to quantify the 
role each of these factors plays in explaining the relative (under)development of the 
EEE countries in 2019. The key challenge is to measure the capital stock appropri-
ately, so I provide a detailed description of the methodology I use.

The second challenge is to separate the contributions of temporary capital scar-
city (due to economic transition) from long-run determinants of the eventual steady 
state to which individual countries are converging. Long-run differences in the cap-
ital-output ratio are explained by policies and institutions that are difficult to quan-
tify. I use the concept of the capital wedge, which captures these various factors in a 
reduced form way. I use the growth model developed earlier to simulate the growth 
paths of the EEE with and without a capital wedge to identify whether the capital 
wedge is needed to understand observed convergence behavior.

The main results are the following. All EEE countries experienced convergence 
to Austria in the sample period. There was also strong convergence among the EEE, 
with initially poorer countries catching up with the initially richer ones. The gap 
relative to Austria in 2019 is still significant, with ample scope for further catching 
up. The main reason for lower GDP per capita is production efficiency, followed by 
long-run differences in the steady state capital-output ratio. Unfinished convergence, 
conditional on 2019 productivity, plays a minor role for most countries in explaining 
the GDP per capita gap relative to Austria. Hours worked per person are even less 
important, with about half the EEE using more labor input per capita than Austria.

The basic calculation may even overstate the role of the convergence factor if 
persistent capital distortions lower the long-run equilibrium capital-output ratio. 
Simulations of the neoclassical growth model reveal that the only country where the 
capital wedge has no explanatory power is Estonia. In all other cases, most or all of 
the measured convergence factor is likely to be attributed to persistent capital market 
distortions. Apart from focusing on productivity growth, increasing the efficiency of 
investment and capital markets should be a priority for economic policymakers.

Table 1  Relative development in 1995 and 2019, Austria = 1

Source: Eurostat and author’s own calculations
Numbers: real GDP per capita relative to Austria at constant 2015 purchasing power parity

Time BG CZ EE HR HU LT LV PL RO SI SK

1995 0.27 0.56 0.31 0.37 0.42 0.26 0.23 0.32 0.29 0.53 0.36
2019 0.40 0.73 0.64 0.52 0.60 0.66 0.55 0.61 0.51 0.70 0.63
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Starting with the seminal contribution of Solow (1957), there is a large litera-
ture that uses the aggregate production function to quantify proximate causes of 
economic growth and development.7 In the context of Eastern European Economics 
(often, but not always restricted to include only European Union member states), 
several studies have documented convergence to the European center (Monfort et al., 
2013; Próchniak & Witkowski, 2013; Szeles & Marinescu, 2010). Convergence 
continued after the global financial crisis as well (Åslund, 2018). The literature has 
not reached a consensus on whether the EEE convergence process will be complete 
(Papi et al., 2018). There is evidence that EU membership has been important for 
continued catching up in these countries (Ryszard Rapacki, 2019).

Growth and development accounting exercises for the region include Dombi (2013), 
who find that until 2007 both capital deepening and productivity growth contributed to 
convergence, with these two factors still lagging Germany in 2007 significantly. Lev-
enko et al. (2019) provide an update for the post financial crisis period. The main find-
ing is that the strong productivity growth characterizing the region before the GFC 
came to a halt afterwards, and the recent continued convergence was driven by factor 
accumulation. The authors also highlight the difficulties in the construction of the cap-
ital stock and its impact on growth accounting results. A recent volume (Mátyás, 2022) 
provides a detailed overview of the region’s economic, social and institutional experi-
ence, especially after the global financial crisis and during the recent Covid epidemic.

This paper contributes to the previous literature in two ways. First, apart from meas-
uring the productivity lag with respect to Western Europe (Austria), it uses a decom-
position that isolates temporary and long-run factors in explaining differences in the 
capital-output ratio. This is of first-order importance for policymakers, since if further 
capital deepening will simply be a feature of the convergence path, there is not much 
policy can or should do to speed up the process (Gourinchas & Jeanne, 2006). Alter-
natively, if lower capital intensity is a result of persistent factors, the goal of growth 
policy should be to alleviate these constraints. In this context, the second main contri-
bution of the paper is to leverage the neoclassical growth model and empirically iden-
tify the role of the capital wedge in holding back capital accumulation.

The rest of the paper is organized as follows. Section  2 describes the growth 
model used in the analysis. Section 3 focuses on measurement, including the data 
and the construction of the capital stock. Section 4 summarizes the results of the 
empirical decomposition of relative development, while Sect.  5 uses the growth 
model to quantify the role of the capital wedge in explaining the observed path of 
the capital-output ratio. Finally, Sect. 6 concludes.

2  The standard growth model

The model used in the empirical analysis is the standard neoclassical growth model with 
exogenous labor supply. A single final good is used for consumption and investment. 
Markets are competitive, both for the final good and for capital and labor, the two factors 

7 For a detailed discussion of growth accounting for growth in the twentieth century, see Crafts & 
O’Rourke (2014). The main reference for development accounting is Caselli (2005).
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of production. Utility and production functions satisfy the standard assumptions, with 
positive marginal utility, positive marginal products, and constant returns to scale in 
production.

Households solve the following problem:

where Ct is consumption, Nt is the size of the population, ht is hours worked per per-
son, Bt is holdings of discount bonds, Rt is the gross real interest rate, Wt is the wage 
rate, and Πt is dividends received from the representative firm. Hours worked are 
assumed to be exogenous, but potentially different across countries, capturing vari-
ous labor market distortions that influence labor supply and demand.

Firms produce using a Cobb–Douglas technology. They hire workers from the 
representative household, and accumulate physical capital via investment. I assume 
that final goods cannot be costlessly converted into investment goods. This friction 
is captured by the relative price of investment goods (in terms of the final good), 
which is denoted by pt. I take pt to be exogenously given for the sake of exposition, 
although it can be endogenously derived from relative productivities or capital mar-
ket distortions in a two-sector model, such as in Hsieh and Klenow (2007).

The profit maximization problem is written as

where Xt is the (global) level of labor-augmenting technology and at stands for a 
local efficiency wedge, i.e. the distance from the worldwide productivity frontier. I 
therefore assume that Xt is common across countries, and productivity differences 
are picked up by at ≤ 1. Note that the efficiency wedge is assumed to be bounded 
as it measures relative productivity.8 Also note that since firms are owned by house-
holds, profits are converted into utility by the marginal utility of wealth, Λt (the 
Lagrange multiplier in the household problem).

Population and technology grow at the constant and exogenous gross rates 
Nt∕Nt−1 = n and Xt∕Xt−1 = g, respectively. Since the model is not station-
ary, we introduce normalized variables, such as ct = Ct∕

(

XtNt

)

, it = It∕
(

XtNt

)

, 
yt = Yt∕

(

XtNt

)

, kt = Kt∕
(

XtNt

)

 and wt = Wt∕Xt. The model is well-known to be sta-
tionary in these normalized variables, with a unique steady state and a saddle path 

max�t

∞
∑

s=t

� tNt log
Ct

Nt

s.t. Ct +
Bt+1

Rt

= WtNtht + Bt−1 + Πt

max�t

∞
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� tΛt

[
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t

(
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]

s.t. Kt+1 = (1 − �)Kt + It,

8 In principle the efficiency wedge can be above unity, but this possibility is not empirically relevant for 
the EEE.
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along which from any initial capital stock k0 the economy converges monotonically 
to the steady state.9

Since the derivation of the equilibrium conditions is well-known, I skip the 
details. A competitive equilibrium exists, and it is characterized by the following 
conditions:

These equations can also be used to calculate the steady state, where all normalized 
variables are constant. I assume that in steady state, b̄ = 0 : this holds by definition 
in a closed economy, and it is also a natural benchmark in an open economy setting.

Before we turn to the empirical specification, it is useful to link the production func-
tion to the capital-output ratio,10 denoted by �t = kt∕yt:

which implies that

1

ct
=

�

g
Rt�t

1

ct+1
pt

ct
=

�

g
�t

[

�atk
�−1
t+1

h1−� + (1 − �)pt+1
] 1

ct+1

yt = atk
�

t
h1−�
t

yt = ct + ptit +
ngbt+1

Rt

− bt

ngkt+1 = (1 − �)kt + it.

(1)R̄ =
g

𝛽

(2)
k̄

ȳ
=

𝛼

p̄(g∕𝛽 − 1 + 𝛿)

(3)
ī

ȳ
= (ng + 𝛿 − 1)
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ȳ
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ȳ
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ȳ
.
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t

(
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,

(5)yt = a
1

1−�

t �
�

1−�

t ht.

9 This property also requires the exogenous variables at and pt to be stationary, which is naturally 
assumed since these are bounded between zero and one.
10 This way of writing the production function is borrowed from Hall and Jones (1999).
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Now we are ready to derive the key equation used for the decomposition of relative 
development.11 GDP per capita, using the production function and Eq. (5), is written 
as follows:

If we pick a benchmark country (denoted by starred values), and assume it is in 
steady state, the relative development of country i is given by

The first component on the right-hand side is the relative productivity of country 
i. The second component is the convergence indicator relative to country i’s own 
steady state. The third component measures the long-term impact of measurable 
capital market distortions [see Eq. (2)], captured by the relative price of investment. 
Finally, the last component controls for differences in labor input. Note that while 
taking logarithms in Eq. (6) transforms it into an additive specification, it is not nec-
essarily desirable to do so. The reason is that relative development gaps can be large, 
and the interpretation of the logarithmic ratios as percentage differences for large 
gaps is misleading. For example, when country i’s GDP per capita is one half of the 
benchmark country’s, taking logarithms leads to log 0.5 = −0.69—which is far from 
the correct difference (−50%).

3  Measurement

The main difficulty in the quantification of the decomposition in Eq.  (6) is meas-
urement. In particular, measuring the capital stock—and hence the capital-out-
put ratio—is problematic. Estimating the steady state capital-output ratio adds to 
the complications. In this section, I describe how I propose to circumvent these 
problems.

3.1  Data

I use Eurostat data for the quantification of development differences. The analysis 
focuses on the former socialist countries that became members of the European 

Yt
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= Xtyt

= Xt
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ȳ
ȳ
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t

(
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(

�̄�i,t

�̄�∗
t

)
𝛼

1−𝛼 hi,t

h∗t
.

11 This decomposition, which differs from the original input-based approach in Caselli (2005), was also 
used in Gourinchas and Jeanne (2006).
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Union between 2004–2013: Bulgaria, Czechia, Croatia, Estonia, Hungary, Latvia, 
Lithuania, Poland, Romania, Slovakia and Slovenia. For the benchmark country I 
use Austria, which has a similar population, economy and history as most coun-
tries in the sample. Most data series are available since 1995, but for some countries 
investment relative prices only start in 2000. Since the COVID epidemic had a large 
impact on economic activity in 2020, which would distort the analysis of relative 
development, my main sample period is 2000–2019.

I use the following data series in the analysis: 

– GDP: Chain linked real GDP series in EUR, reference year 2015 (table 
nama_10_gdp).

– NGDP: Nominal GDP at market prices in current EUR (table nama_10_gdp).
– Investment: Chain linked gross fixed capital formation in EUR, reference year 

2015 (table nama_10_gdp).
– GDP price: Price level index for GDP, EU15 = 1 (table prc_ppp_ind).
– Investment price: Price level index for gross fixed capital formation, EU15 = 1 

(table prc_ppp_ind).
– Hours: Total hours worked, national accounts, total economy (table nama_10_

a10_e).
– Population: Total population on January 1st, domestic concept (table demo_

pjan).
– Capital stock: Net fixed assets in current EUR, total economy, current replace-

ment prices (table nama_10_nfa_st).

3.2  Capital stock

Reliable data on the economic concept of capital stocks is difficult to find. Eurostat 
reports net fixed assets evaluated at current replacement prices. I use this data as one 
of two main sources for capital stock estimation. The decomposition presented ear-
lier requires capital-output ratios. To calculate it, I use the ratio of the nominal capital 
stock divided by the investment price index, and nominal GDP divided by the GDP 
price index. The price indices are cross-section comparisons of price levels, and come 
from Eurostat’s purchasing power parity (PPP) statistics. This way I convert capital-
output ratios to international prices, which is necessary for cross-country comparisons.

The most common way to calculate capital stocks is the Perpetual Inventory 
Method (PIM), which is my second approach. This uses the capital accumulation 
equation from Sect. 2. The method needs an initial value for capital, and a value for 
the depreciation rate. The latter is relatively easy, as the literature uses standard val-
ues between 0.04–0.10. I choose to set � = 0.04, which is in line with depreciation 
rates for these economies reported in the Penn World Table.12 For initial capital I 
use the capital-output ratio calculated directly from Eurostat for 2000 whenever pos-
sible. For Croatia the investment price index data only starts in 2003, so I extrapo-
late the capital output ratio backwards to 2000. The calculation uses the chain-linked 

12 https:// www. rug. nl/ ggdc/ produ ctivi ty/ pwt/? lang= en.

https://www.rug.nl/ggdc/productivity/pwt/?lang=en
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fixed investment series, adjusted by the 2015 fixed relative price of investment to 
GDP. In other words, PIM capital is measured at constant 2015 international prices, 
while the Eurostat capital stock is calculated with current relative international 
prices.

Figure 1 plots capital-output ratios using the two alternative measures. It is reas-
suring that for the majority of countries capital constructed via the PIM is close 
to the direct measure from Eurostat. Exceptions include Croatia and Poland: for 
the first, the reported capital stock is much higher than cumulated investment. For 
Poland, the opposite is true, with the Eurostat measure being unreasonably low in 
particular. Given these two countries, I will use the PIM capital-output ratio as the 
baseline.

3.3  Steady state capital and the relative price

The model derived in Sect. 2 allows us to calculate a hypothetical “steady state” cap-
ital stock. This is conditional on the relative price of investment goods as observed 
in the data. In other words, �t is defined as the long-run equilibrium capital-output 
ratio when the relative price of investment is fixed at pt.

To calculate this counterfactual using Eq. (2), parameter values must be selected. 
As above, I set the depreciation rate to � = 0.04. Since the reference country is Aus-
tria, I calibrate the long-run growth rate of labor-augmenting productivity to the 
sample average of Austrian GDP per capita, which yields g = 1.0097. Similarly, I 

Fig. 1  Capital output ratios Source: Eurostat and own calculations
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set the capital elasticity parameter of the production function using Austrian labor 
share data to � = 0.335, which is the sample average in Austria. The labor share is 
calculated the following way:

where COMP is compensation of employees, GVA is gross value added, EMPH is 
total hours worked by the employed, and EMPEH is total hours worked by employ-
ees. This so-called adjusted labor share takes account of the fact that part of mixed 
income should count towards labor income, and implicitly assumes that the unob-
served wages of the self-employed are the same as the observed wages of employees.

In principle the capital elasticity parameter could be calibrated separately to 
country-specific labor shares. There are two main reasons why I opted for a sin-
gle, common value. First, the decomposition in Eq. (6) assumes a common �, and 
becomes much less transparent if we allow for country specific values. Second, and 
more importantly, the labor share is a potentially very imperfect measure of the pro-
duction function parameter. The equivalence holds only under perfect competition, 
and assumes that we measure the labor share perfectly. Both assumptions are ques-
tionable, especially for emerging economies such as the new EU member states. I 
therefore use the Austrian value, where measurement error is likely to be smallest, 
and the resulting value is in line with usual calibrations in the literature.13

Finally, the steady state capital calculation requires a value for the discount fac-
tor, which I set to � = 0.965. This is somewhat higher than typical values in the lit-
erature. This value, however, allows me to match the observed Austrian capital-out-
put ratio with the implied steady state, which is reasonable for an advanced country 
assumed to be on a balanced growth path. Also, most of the sample period saw low 
real interest rates, in line with the somewhat higher than usual value of � chosen.

Figure 2 plots the estimated steady state capital-output ratios (�t) . Note that the 
actual and hypothetical values are very close for Austria, except for the beginning 
of the sample period. This is only partly due to the calibration, since the choice of 
a single parameter (�) cannot explain the overall good fit between 2005–2019. The 
figure confirms that the analytical framework is solid, and the theoretical concepts 
have clear and meaningful empirical counterparts.

For other countries the picture is mixed—I will return to the more detailed analy-
sis of capital-output ratios in the next section. Note that the relative price of capital 
plays an important role in the results (Fig. 3). In Austria, it was close to 1, although 
started falling after 2005. In most other countries, however, the relative price of cap-
ital goods was much higher throughout the sample (the only exception is Slovenia). 
In many, but not all cases the investment relative price fell significantly over the 
period, by as much as 50% for Estonia and Slovakia. This overall fall provided a 
very strong incentive for increased capital accumulation, which can only partly be 
seen in investment rates and in the increases in the capital stock.

sL =
COMP

GVA

EMPH

EMPEH
,

13 See for example (Caselli, 2005) who in the context of an extensive development accounting exercise, 
calibrates the parameter to � = 1∕3 based on US time series.
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Fig. 2  Steady state capital stock

Fig. 3  The relative price of gross fixed capital formation
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4  Results

4.1  GDP per capita

To compare GDP per capita across countries and over time, I use chain-linked GDP 
adjusted by the constant, 2015 cross-country price index of GDP, and divided by the 
population level. An alternative is to compare living standards using current price 
levels. The latter method is appropriate when we are only looking at cross-section 
differences. But if we want to follow economic growth across countries over time, 
the usage of current PPPs confounds the effect of volume changes with the effect 
of changes in international relative prices. Countries can appear to have converged 
when they experience favorable relative price movements, such as terms-of-trade 
improvements. While these do have an impact on relative living standards, they 
do not result from improvements in the productive capacity of a country. Since our 
interest is in output and its determinants, the appropriate choice is to use the fixed 
PPP measure.

Figure 4 plots the growth experience of the EEE between 2000–2019. In 2000, 
the richest economy (Slovenia) had a GDP per capita of about 57% of the Austrian 
level. The poorest country, Bulgaria, only stood at 20% of Austrian living standards. 
Subsequently, all EEE countries grew significantly faster than Austria, implying 
absolute convergence over the 2 decades. By 2019, Czechia and Slovenia reached 
about 70% of Austria’s level of development. Bulgaria was still the poorest, but even 
it caught up to 40% of the Austrian value.

Fig. 4  The relative price of gross fixed capital formation
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Note that Austria itself grew in the period, albeit more slowly. Its real GDP per 
capita increased by a cumulative 20%, or roughly one percentage point per year. 
Also, there was strong convergence among the EEE as well: countries that started 
out richer (Czechia, Slovenia) grew slower than initially poorer economies (such as 
the Baltics or Romania). Moreover, these results are not driven by the decade before 
the global financial crisis (GFC). Convergence continued after the GFC, between 
2012–2019. It is too soon to tell whether the Covid pandemic and the current eco-
nomic problems have slowed down the catch-up process, but given the still consid-
erable gap between Austria and the EEE, convergence is expected to continue for a  
while.

4.2  Development accounting

Now we are ready to carry out the decomposition exercise as described by Eq. (6). 
This is useful for two reasons: first, we can quantify the role of short-run and long-
run capital scarcity in explaining relative (under)development. Second, we can 
calculate relative productivity as a residual, and evaluate its importance in the con-
vergence process. As an additional point, we can also calculate the contribution of 
hours worked, since different countries utilize their labor force to a differing degree.

Table 2 presents results for 2019. The numbers in the table are relative to Austria, 
i.e. 0.38 (the first entry) means that Bulgarian GDP per capita in 2019 was 38% of 
its Austrian counterpart in 2019. The subsequent columns indicate relative levels of 
each component: hours worked per person, differences in the steady state capital-
output ratio, the distance for a country between its actual and steady state capital-
output ratios, and total factor productivity. Note that the cell values are the actual 
ratios, and do not include the relevant exponents [see Eq. (6)]. This means that the 
contribution of productivity is bigger (by a factor 1∕(1 − �)) , and the contributions 

Table 2  Decomposition of 
relative development in 2019

Source: Eurostat and own calculations
Numbers: relative levels compared to Austria

Country GDP Hours Steady Converge TFP

BG 0.38 1.00 0.71 0.89 0.61
CZ 0.68 1.10 0.84 0.98 0.78
EE 0.61 1.06 0.90 0.78 0.78
HR 0.52 0.92 0.94 0.75 0.77
HU 0.55 1.00 0.84 0.86 0.76
LT 0.63 1.13 0.80 0.66 0.84
LV 0.53 1.05 0.85 0.93 0.69
PL 0.60 1.04 0.76 0.55 0.93
RO 0.51 0.97 0.77 0.83 0.76
SI 0.70 0.97 0.99 0.85 0.85
SK 0.56 0.91 0.88 0.80 0.81
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of the two capital terms are smaller (by a factor �∕(1 − �)) than the ratios reported 
in the table.

Differences in hours worked play a modest role in explaining relative develop-
ment. The two extremes are Czechia and Slovakia: for the former, high total hours 
shrink the gap relative to Austria by 10%, while exactly the opposite is true for the 
latter. Long-run capital ratios are quite different across the EEE: the Slovenian level 
is the same as in Austria, while for Bulgaria, the steady state capital-output ratio is 
significantly lower. This is mostly explained by the high relative price of investment, 
as shown on Fig. 3.

There is even more variation in the distance of each country from their own 
steady state. The Polish capital-output ratio appears to be extremely low, even con-
sidering the high relative price of investment. Czechia, on the other hand, appears 
to be very close to its current hypothetical steady state. Notice that while I labeled 
this term as the convergence factor, there may be another explanation for why the 
actual capital-output ratio lags behind the implied steady state value. Apart from 
the observed high relative price of investment, there may be other unobserved dis-
tortions that hinder capital investment. The literature calls this the “capital wedge”, 
which can be introduced into the growth model as a capital tax equivalent.14

Is it possible to distinguish the “true” convergence component from an unob-
served capital wedge? Yes, as long as the wedge is roughly constant. If the capital-
output ratio is below the price-adjusted steady state, the model predicts an unam-
biguous increase in K/Y. The increase is even more pronounced when (i) the relative 
price of investment goods is falling, and (ii) relative productivity a is increasing. 
Both of these conditions hold empirically, as seen on Fig. 3 and later in the next sec-
tion for productivity. I relegate the details to Sect. 5.

Before moving on to the evolution of productivity, it is worth discussing the 2019 
level of relative TFP (at) , as reported in the last column of Table 2. For most coun-
tries, relative TFP varies in the fairly narrow range of 0.75–0.85. Bulgaria appears 
to be significantly less productive, and Poland significantly more so. The former is 
not surprising, given that Bulgaria is the poorest EEE country. The case of Poland 
is more interesting, as its high productivity is mostly due to the very low measured 
capital-output ratio. Whether Poland is truly an outlier or if its capital stock—or 
more precisely, investment—is under-reported is an important question for future 
research.

4.3  Productivity

To calculate the paths of relative productivity for each country, I use the constant 
PPP adjusted GDP per capita series as discussed above, the capital-output ratio cal-
culated by the PIM, and total hours relative to the population. The calculation uses 
Eq. (5), which can be rewritten as

14 The idea of wedges distorting capital and labor allocations was used in a business cycle context by 
Chari et  al. (2007). To understand capital allocation and investment in open economies, the capital 
wedge was used in Gourinchas and Jeanne (2013).
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Note that since I work with GDP per capita, and not with the efficiency unit var-
iable yt, the calculated TFP will also contain the common global component, Xt. 
Since this is by assumption the Austrian productivity level, simple visual inspection 
reveals changes in “convergence” productivity at. Alternatively, it is easy to subtract 
Austrian TFP growth from the country specific measures, but I do not report the 
results separately.15

Figure 5 shows the results. As already discussed in the previous section, the EEE 
lag behind Austria even in 2019. For most countries, however, there was strong 
productivity convergence between 2000–2019. The only exception is Croatia, 
where productivity basically stagnated over the two decades of analysis. Hungary 
is another partial outlier, where there was strong TFP growth until 2006, but pro-
ductivity improvement only resumed after 2016. This may be explained by the very 
strong increase in hours worked in the 2012–2018 period, although Latvia—where 
hours also grew in those years—nevertheless shows positive TFP growth in the 
period. It is an intriguing question whether there is a negative relationship between 

at =
y1−�
t

��
t h

1−�
t

.

Fig. 5  Total factor productivity levels

15 In other words, while relative productivity at is by definition stationary, the figure plots atXt , which 
has a unit root.
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productivity growth and employment growth, but since the former is exogenous in 
the current framework, this is a task for future research.

Figure 5 highlights that for most countries convergence has been driven by rela-
tive productivity growth. There are still significant gaps relative to Austria, so that 
further catching-up is possible. As discussed earlier, Poland (and Slovakia) appear 
to have closed most of the productivity gap already, in their case increasing capi-
tal intensity is required (and for Slovakia, increasing hours worked as well). It is 
important to understand, however, the reasons behind low capital-output ratios. As 
discussed above, this can be either because of a convergence gap, or because of 
long-term distortions on capital markets. With empirical paths for productivity and 
the investment relative price at hand, I now turn to this issue with the help of the 
modeling framework.

5  Capital distortions

To show how the capital-output ratio should have evolved according to economic 
incentives, I calibrate and simulate two versions of the theoretical model. The first 
version is the model presented in Sect. 2. The second version augments the baseline 
model with a constant capital wedge, which is an unobserved capital market distor-
tion influencing the long-run capital-output ratio. The model is used to shed light on 
the potential importance of the capital wedge to explain persistent differences in the 
capital-output ratio not picked up by the relative price of investment.

5.1  The capital wedge

Formally, I rewrite the capital Euler equation as follows:

where �k is the capital wedge. In principle, it can be time varying, but in the simula-
tions I assume a constant, fix capital wedge. The rest of the model is the same as the 
baseline version, including the observed paths for relative productivity and the rela-
tive price of investment.

To calibrate the capital wedge, I use the following method. In the presence of the 
wedge, the conditional steady state capital-output ratio is given by

as can be seen from Eq.  (7) and where �t is the capital-output ratio without the 
wedge (as defined earlier).

If kt∕yt was in steady state each year, the capital wedge would be given simply by

(7)ptRt = (1 − �k)
�kt+1

yt+1
+ (1 − �)pt+1,

��

t
=

(1 − �k)�

pt(g∕� − 1 + �)
= (1 − �k)�t,
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As discussed above, however, this is unlikely, since some of the discrepancy is 
attributable to convergence dynamics. Eventually, however, we expect 𝜏k to con-
verge to the long-run capital wedge as economies converge to their respective steady 
states. Therefore I calculate the constant capital wedge as the 2019 value of 𝜏k.

Figure 6 shows the calibrated capital wedge. The results are fairly intuitive, with 
Austria and Czechia showing the lowest distortions, and Poland and Lithuania the 
highest. Note that these are upper bounds on the true capital wedge, assuming that 
no convergence gap remains in 2019. In order to check the validity of this assump-
tion, I now turn to the model simulations.

5.2  Solution algorithm

The presentation so far avoided the question of expectations and the information 
set of agents when they are making investment decisions. When focusing on steady 
states and production function measurement, this is an innocuous omission.

In the present context, however, expectations about the exogenous processes 
do influence the trajectory of the capital stock, and are important determinants of 
investment activity. Note that there are two exogenous processes in the model that 
are potentially stochastic: the relative price of investment pt and relative productiv-
ity (the efficiency wedge) at.

𝜏k = 1 −
kt∕yt

𝜅t
.

Fig. 6  The capital wedge
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There are various assumptions that can be made about expectations formation. 
First, one can solve the model assuming perfect foresight, i.e. agents fully antici-
pating future values of the relative price of investment pt and relative productiv-
ity at. This is highly implausible in the current context, since the two processes are 
assumed to be exogenous and tend to be quite volatile, which makes their forecast 
difficult and highly imprecise at best.

Second, one can fit stochastic processes on productivity (typically a sustained 
increase, see Fig.  5) and the relative price (typically a sustained decrease, see 
Fig. 3). The natural assumptions would be of stochastic convergence to a long-run 
steady state, whose values are possibly, but not necessarily equal unity in both cases. 
The difficulty lies in the empirical identification of the key parameters of the conver-
gence process. If full convergence is not expected (say because of long-run differ-
ences in production efficiency), the relatively short time series are not informative 
enough to estimate both the speed of convergence and the steady state level.

The third approach—which I adopt—assumes that agents have no knowledge 
about future productivity and the future relative price, and they treat them each 
period as if they were permanently fixed at the current level. This “naive” assump-
tion is essentially the same as the extended path solution method of stochastic 
dynamic models (Fair & Taylor, 1983; Gagnon, 1990), when the unknown shocks 
have no persistence.

The solution algorithm starts with the given endogenous state variable kt, and the 
current values of the two exogenous states, at and pt. Then we find the perfect fore-
sight solution path for the capital stock under the assumption that productivity and 
the relative price remain fixed forever at at and pt. This generates a path for the 
capital stock, from which we retain kt+1. Next period, the endogenous state is kt+1, 
and new values at+1 and pt+1 arrive unexpectedly. We repeat the procedure until the 
desired number of simulation periods are reached.

5.3  Simulation results

As detailed above, two simulations are run for each country, one without the capital 
wedge (�k = 0) and one including the capital wedge. In each case, naive expectations 
are assumed, i.e. agents anticipate no future changes in relative productivity at and 
the relative price of investment pt. I choose parameter values as previously reported. 
The initial conditions are taken from the data in 2000. Simulations are carried out in 
Dynare and Matlab.16

Figure 7 presents the simulation results, along with the actual path for the cap-
ital-output ratio between 2000–2019. Overall, the growth model does a very good 
job in capturing investment dynamics. In most cases, the version with the capital 
wedge fits the data better. The main exception is Estonia, where the baseline model 
explains the data very well, especially after the global financial crisis. In Austria, 

16 https:// www. mathw orks. com/ (Matlab) and https:// www. dynare. org/ (Dynare).

https://www.mathworks.com/
https://www.dynare.org/
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neither version can capture the sizable increase in the capital-output ratio quantita-
tively, but they do predict an increase, due to the falling relative price of investment.

The cases of Lithuania and Poland are particularly interesting. These are the 
countries with the highest predicted capital wedges. Accounting for these additional 
distortions is crucial to understand the behavior of the capital stock, and the model 

Fig. 7  Model simulations under alternative assumptions
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version with �k does a great job matching the capital-output ratio. The capital wedge 
seems to be important also in Bulgaria, Croatia, Romania and Slovakia. In Czechia 
and Latvia, the wedges are small, so it is difficult to select the appropriate model 
version. In Hungary, and Slovenia the results are inconclusive, as the capital-output 
ratio fluctuates significantly in the sample period.

Note that in many cases the capital-output ratio is falling or stagnating between 
2000–2019. This may indicate a problem with the initial condition used in the PIM, 
or rather the capital stock data used for this purpose. Unfortunately there is no way 
to independently verify whether the capital data in Eurostat captures the true eco-
nomic value of initial capital. That said, the model is able to match the subsequent 
dynamics well, either with or without the incorporation of the capital wedge. It is 
also interesting to point out that the good fit comes from using a constant capi-
tal wedge rather than a time-varying one. The parsimonious nature of the exercise 
strengthens confidence in the growth model’s ability to quantitatively account for 
investment and capital dynamics in the EEE.

To summarize the findings, and at the risk of some oversimplification, we can 
group the 11 EEE countries into two main categories. The first group consists of 
Czechia and Estonia, where capital market distortions are not important. The 
increase in the capital-output ratio in Estonia seems to have been driven entirely by 
convergence dynamics. Since Estonian kt∕yt is still well below the implied current 
hypothetical steady state (conditional on the relative price of investment), there is 
considerable scope for further investment-driven convergence. In Czechia the capi-
tal-output ratio has fluctuated around the calibrated steady state throughout the sam-
ple period.

The second group consists of the other nine countries. There is more heterogene-
ity in this group, but by and large their capital markets are subject to distortions, 
which explains the gap between the actual and steady state capital-output ratios. In 
these economies increasing capital intensity is not automatic, but requires a lower-
ing of the capital wedge. In addition to increasing productivity, eliminating capital 
market distortions should be a priority for economic policy in the medium to long 
run.

6  Conclusion

This paper studied the convergence process of 11 Eastern European Economies over 
the period of 2000–2019. The main question was to decompose the relative underde-
velopment (with respect to Austria) into three main components: productivity, con-
vergence, and long-run factors. The paper found that for most countries, lower pro-
ductivity is the main reason for the existing GDP per capita gap in 2019. Long-run 
factors also play a role, with distortions on the capital market—summarized by the 
capital wedge—lowering the steady state capital-output ratio in most countries (with 
the exceptions of Estonia and Czechia). Besides the capital wedge, the high relative 
price of investment goods—likely explained by sectoral productivity differences—is 
also present in some of the EEE.
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The results have important implications for economic policy. First, as hours worked 
per person are similar across the region and Austria, labor markets are currently not 
the main constraint on income convergence. This may change, however, given the 
worsening demographic outlook in the EEE. Second, convergence via capital invest-
ment can be a continuing source of growth, but further reforms to make the region 
attractive to foreign and domestic capital are needed for successful catch-up. Third, 
and foremost, productivity in most countries is still significantly behind Austria (and 
Western Europe). The main goal of policy should be to identify new sources of pro-
ductivity growth, including higher spending on research and development, reforming 
the public sector, expanding infrastructure, and investing into human capital.

Investigating the possible sources of additional productivity growth should be an 
important goal for future research, including the role of firm-level policies and the role 
of intangible capital. For capital markets, the exact distortions behind the measured 
capital wedges must be identified, ideally using firm-level microdata. While conver-
gence has been strong across the EEE, without additional structural reforms—based 
on solid empirical evidence—the process is likely to remain incomplete in the future.
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