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Abstract
We study the role of different labor market integration policies on
economic performance and convergence of two distinct regions in an
agent-based model. Production is characterized by a complementarity
between the quality of the capital stock and the specific skills of workers using the capital stock. Hence, productivity changes in a region
are influenced both by the investment of local firms in high quality
capital goods and by the evolution of the specific skill distribution of
workers employed in the region. We show that various labor market
integration policies yield via differing regional worker flows to distinct
regional distributions of specific skills. Through this mechanism relative regional prices are affected determining the shares that the regions
can capture from overall consumption good demand. There occurs to
be a trade-off between aggregate output and convergence of regions
with closed labor markets resulting in relatively high convergence but
low output, and more integrated labor markets yielding higher output but lower convergence. Furthermore, results differ substantially in
several respects as distinct labor market opening policies are applied.
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Introduction

An important challenge faced by the European Union (EU) is the integration of several Eastern European countries that became EU members at the
eastward enlargement in 2004. Ten new countries joined the EU then, 8 of
which formerly were under communist rule. From the fall of the Iron Curtain
to present these countries have faced similar structural problems that can be
considered as an inheritance of the communist planned economy: a quantitatively and qualitatively worse endowment of physical capital as well as less
skilled human capital compared to established member states like France,
Germany or the UK.
In this paper we ask (and try to answer) the questions to which extent
different policies of opening up labor markets accompanying the integration
process affect output and consumption in regions that start(ed) from different levels of economic development, and how these policies impact the
convergence processes in general.
Prior to the eastward enlargement of the EU a long-lasting and fierce
debate emerged concerning the extent to which integration should also cover
labor markets. The European Commission had to take into account in its
decision that there was the fear in the general public that an opening up
of labor markets would lead through massive flows of labor from the east
to the west to labor market tensions, social imbalances, and crime. In an
influential policy paper Boeri et al. (2002) argued that estimates on to be
expected labor flows were showing a high degree of uncertainty which would
warrant a postponement of full liberalization of labor migration until more
accurate numbers were available but by the same time would strongly suggest
to start opening up labor markets, and phase out the transition period at a
preannounced date. Finally it was agreed upon that after accession countries
became part of the EU in May 2004 there should be a transition phase of up
to seven years where member countries would be allowed to impose restrictions on labor mobility of workers. Along the “2+3+2” formula restrictions
had to be reviewed after two and another three years. Only the UK, Ireland
and Sweden opened up their labor markets already in 2004. After the first
review seven members lifted their restrictions, some simplified their procedures while others like Austria and Germany even after the second revision
maintained their rigorous stance requiring working permits for workers from
former communist states.
Five years after the accession it occurs to be still to early to evaluate
how economies of the old and new members states unfolded as a response
to these particular labor market policy choices. Ultimately, it will be an
empirical question to assess to which extent per capita growth on both sides
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of the former Iron Curtain, and convergence of the two so distinct European
regions were affected.
In fact, these policies as they were implemented and in some cases changed
in the meantime accompanying the integration process of EU countries raise
important and so far not well understood research questions. In particular, it
is an unresolved issue to which extent spatial frictions with respect to labor
mobility may have positive or detrimental effects on overall and region specific variables related to the well-being of their citizens in the medium and
long run. It is a non-trivial task to take into account the most likely consequences of various labor market integration policies in a world where there
is complementarity between technologies used in a country and the specific
skills needed to fully exploit the merits of these technologies, and where the
speed of adoption of the necessary specific skills is driven by general skills,
whose distribution differs between countries1 . Moreover, important feedback
processes through wage dynamics, accompanying productivity growth and
demand shifts driven by changes in households’ consumption and investment
behavior of firms, interplay with the mobility of workers.
Our work relates to the growth literature on convergence, which according
to the neoclassical approach (see, e.g., Solow, 1956; Mankiw et al., 1992;
Barro und Sala-i-Martin, 1992)) is the result of decreasing returns to physical
or human capital. Among others, empirically the speed of convergence was
investigated by Islam (1995) based on cross country data and by Canova und
Marcet (1995) drawing on regional data. Howitt (2000) explains convergence
taking cross-country knowledge spill-overs as a starting point, and Keller
(2004) puts geographic proximity at the forefront.
We contribute to the convergence literature by studying the dynamic
linkages between inter-regional spillovers through labor mobility and technological diffusion driven by demand induced investment of firms. All firms
have access to latest technology provided by an investment good producer.
However, regions differ in their initial current productivity which is a central
distinguishing feature between new and old member states of the EU, or the
West and former East Germany. In particular there are different endowments
with respect to the current technology used, the specific skills necessary to
operate the capital stock, and the distribution of general skills. Although
the latest technology can be bought by any firm in any region there are restrictions to use this technology because of the constraining factor of specific
skills. This brings into the picture a so far not well studied channel (see, e.g.,
1

There is ample empirical evidence that in many cases the diffusion of innovations
requires adequate skills of the workforce at the firms adopting the innovation (see e.g.
Bassanini und Scarpetta (2002), Griffith et al. (2004)).
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Acemoglu, 2009, Ch. 18) for the diffusion of technology and convergence
of regions. Labor movement between the regions changes the allocation of
specific and general human capital and thus the exploitability of the current
technological level and the speed of adjustment to the current technological
level. Choices of workers to offer labor in one of the regions is restricted by
an exogenous and politically determined level of labor market integration.
And thus different policies on labor market integration may have non-trivial
repercussions on productivity growth in the regions. Under particular consideration of the dynamic effects discussed above we will address the following
policy questions:
• How does the timing of the opening up of labor flows between (technological) leader and laggard regions affect growth and productivity
development in both regions?
• Which differences arise in short-term and long-term effects of different
labor market opening policies?
• In how far are technological spillovers induced by labor flows essential
for the convergence between the regions?
There is little work on knowledge spillovers driven by migrating workers.
Among the few suggestions elaborating that particular channel are Wong
und Yip (1999) and a very recent study by Aghion et al. (2009). This investigates the spillovers occurring between regions in terms of human capital
endowments by letting workers migrate. In that sense our set-up is similar.
We, too, look into the effects of different allocations of workers and therefore
human capital across the regions by studying distinct scenarios of opening up
regions for labor commuting. However, in terms of modeling choices we look
into a different role of human capital for the growth mechanics as opposed to
Aghion et al. (2009). In particular, they make a distinction between “high
brow” and “low brow” educational endowments with the former fostering innovation and the latter imitation of existing technologies. The role which we
assign to human capital endowments is different. Our distinction is between
general and specific skills, with general skills driving the speed of specific
skill adoption which are necessary to run the current capital stock. And
consequently, labor movements from one region to another have an effect on
the specific and general skill levels in the regions thus affecting the speed of
adoption of the current level of productivity to the technological frontier.
Agent-based models have been developed in many areas of economics.
Among others, they have been used to study the emergence of trading behavior on goods-markets and on financial markets, bidding behavior in auctions,
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numerous issues concerning innovation and industry evolution or the emergence of cooperative behavior in economic systems. A large part of this work
is surveyed in Tesfatsion und Judd (2006). Agent-based work in the area of
macroeconomic modeling is however sparse. Closed macroeconomic models
using an ACE approach have been provided for example by Chiaromonte
und Dosi (1993), Silverberg und Verspagen (1993), Delli Gatti et al. (2005),
Dosi et al. (2010) or Haber (2008) but these models do neither focus on spatial aspects nor on the effects of labor flows. Closest to this work are the
preceding studies by Dawid et al. (2008, 2009), where the effects of different
skill upgrading policies on technological change and growth were analyzed in
the EURACE macroeconomic model, which is also the basis for this paper.
The research focus of this paper on the comparison of labor market opening
strategies, however, is quite distinct from the questions addressed in these
previous studies. Also, in this paper we deal with the interaction between
regions which differ in several important aspects, whereas in Dawid et al.
(2008, 2009) scenarios were considered where regions differ only with respect
to the general skills distribution among workers.
On a more general level the discussion of the policy experiments highlight
the fact that an agent-based approach, namely to evaluate single or combined
policy measures in the framework of a closed macroeconomic model with micro foundations that encompasses the interaction between different sectors,
allows insights that go beyond the current economic literature. In particular,
in the policy area considered here we extend the literature reviewed above
quite fundamentally by incorporating the feedback effects arising from technology and skills development through (regional) demand dynamics on consumption and investment goods markets and by discussing the way frictions
on different markets influence policy effects. Furthermore, we can explicitly
distinguish between short and long run implications of policies.
Finally, our work is in several respects closely related to the literature
in Evolutionary Economics. First, the driving factor of (regional) economic
growth in our model is technological change brought about by a combination
of investment by firms in new technologies and skill acquisition by workers.
Second, our work is related to evolutionary industry life cycle models (e.g.
Dosi et al. (1995)) in a sense that the industry structure is endogenous and
its evolution is driven by the relative competitiveness of firms caused by their
investment in new technologies and by their ability to use these technologies.
Third, our rule-based approach to capture firm behavior builds strongly on
the rich evolutionary literature in this area like e.g. Nelson und Winter
(1982) or Malerba et al. (2001).
We proceed by describing the core modeling assumptions, the parametrization of the agent-based model and the set-up of the experiments. In section
5

4 we present and discuss our results from the various policy scenarios. In the
last section we conclude and sketch some directions for future analysis.
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The model

We conduct our analysis in an agent-based macroeconomic model that has
a distinct regional dimension. Rather than fully describing in detail the
various elaborate features of our framework we stick here to a description of
the core assumptions that are necessary for an understanding of our results.
The model, already used for other policy analysis on the role of fostering
human capital endowments in a spatial context, is explained in detail in the
Online-Appendix A (see also Dawid et al. (2008, 2009)).
The focus in our experiments on labor market policy integration is on the
interaction of three markets namely the labor, the consumption goods, and
the capital goods market in a regional context, i.e. each firm and each household is located in one of the regions. The spatial extensions of the markets
differ. The capital goods market is global meaning that firms in both regions
buy from the same capital good producer and therefore have access to the
same technology. On the consumption good market demand is determined
locally in the sense that all consumers buy at a regional market located in
their region, but supply is global because every firm might sell its products
in all regional markets of the economy. Labor markets are characterized by
spatial frictions determined by commuting costs that arise if workers accept
jobs outside their own region. We model commuting costs as a proxy for
the various degrees of labor market integration, where these costs may be
inhibitive so that no worker flows occur, or may be at more moderate levels
where workers decide to accept jobs in the other region if the wage difference
nets out the costs from commuting. The basic time unit in the model is one
day, where many decisions, like production choice or hiring of firms, are take
monthly.
The consumption goods producer uses labor (L) and capital (K) as input
factors. Both are vertically differentiated. The production quantity Qi,t of
firm i in period t is given by
β
Qi,t = min[Bi,t , Ai,t ] × Lαi,t Ki,t
,

(1)

where Bi,t denotes the average specific skill level in the firms, Li,t is the
number of workers and α + β = 1. The variable Ai,t measures the average
quality of the capital stock of firm i at time t. Note, that due to min[Bi,t , Ai,t ]
there is complementarity between the quality of capital goods and the specific
skill level of the workers. The average quality of the capital stock of a firm
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increases over time as due to investments of the firm the most recent vintages
of the capital good are added to the stock. The technological quality of the
capital good sold by the capital good producer increases over time following
a random process and the quality of the capital good sold at time t is referred
to as the ’technological frontier’ at time t.
Workers’ human capital endowments have two dimensions. They embody
an exogenously given level of general skills and an endogenously level of
specific skills which changes on-the-job with the operation of the currently
employed technology. The acquisition of specific skills in the production is
faster for higher general skill levels. The specific skills can be interpreted as
capabilities and experiences obtained on the job. These skills are associated
to the technology being used by the employer. Formally, the workers increase
the specific skills over time by a learning process. The speed of learning
depends on the general skill level bgen
w of the worker w and the quality of the
technology Ai,t used by employer i.
bw,t+1 = bw,t + χ(bgen
w )(Ai,t − bw,t )

(2)

Here bw,t are the specific skills of worker w in period t and χ(bgen
w ) increases
gen
with bw . The average specific skills Bi,t+1 in firm i is given by the values of
bw,t+1 averaged over all workers employed by firm i at t + 1.
The wage offer has two constituent parts. The first part is the market
base
. The base wage is paid per unit of specific skill. If
driven base wage wi,t
the firm can not fill its vacancies it increases the base wage to attract more
workers. The second part is related to the specific skills. Since the specific
skills represent the productivity of the workers the wage wi,t is higher for
higher specific skills. For each of the general-skill groups the firm i offers
different wages wi,t,g in period t. The wage offers are given by
base
wi,t,g = wi,t
× b̄i,t,g

(3)

where b̄i,t,g are the average specific skills of all workers with general skill g in
the firm. The underlying assumption of this determination of wage offers is
that firms can observe general but not specific skills of job applicants.
The price of the capital good increases with its rising quality and finally
the price of the consumption good sold by any of the firms in the market
is determined by a standard elasticity based pricing rule. Assuming that all
firms have constant expectations εei < −1 of the elasticity of their demand,
they set the price according to the rule
pi,t =

c̄i,t−1
,
1 + 1/εei
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(4)

where c̄i,t−1 denotes unit costs in production of firm i in the previous period.
As indicated above, producers distribute their goods by offering them at the
posted price pi,t at the regional markets located in each region. The quantities they deliver to each of these markets every month (and hence the total
production quantity in that month) are determined by production planning
heuristics applied to demand estimations based on past data. Consumers regularly visit their regional market and make purchasing decisions described by
a standard logit-choice model. For these and numerous additional decisions
not mentioned here (detailed explanations are in the Online-Appendix A),
the general modeling approach is to find rules which are backed by managerial decision rules documented in the corresponding management literature,
or empirically based results on consumer choices that can be found in the
corresponding marketing literature. Overall, the modeling choices are when
feasible, empirically based, as is the parametrization to which we turn now.
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Parametrization and set-up of experiment

Table 1 summarizes the general set up in terms of the numbers and types
of agents and regions involved. There are two regions, each region hosts 800
households, 40 consumption good producers, and a regional market denoted
as mall. There is a single capital goods producer.
Table 1: General set up
Description
Regions
Households
Consumption goods producers
Capital goods producers
Malls

Value
2
1600
80
1
2

We model the two regions featuring distinct total factor productivity. It
is not our intention to focus on two particular regions when choosing parameters and initializations of the simulations, as we want to make a more
general point on the role of labor market integration policies on economic
performance and convergence of two regions with different endowments with
physical and human capital. However, to have a solid empirical grounding
of the experiment we choose values which are reflecting differences between
Germany and Poland that are particularly relevant for the aspects of the
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integration dynamics we want to study. To that end we rely on institutional
and OECD data as well as on empirical findings reported in Growiec (2008).
In this paper the distance to the world technological frontier is determined
for OECD and new EU member countries based on Data Envelopment Analysis. Furthermore, Growiec (2008) uses the resulting estimates of relative
efficiency levels to decompose the ratios of per capita output into ratios of
several factors including physical capital per capita and human capital. We
approximate the estimated ratios of physical capital stocks and of total factor
productivity between Germany and Poland reported in Growiec (2008) by
initializing the per capita stock of physical capital in the high income region
1 as three times higher than that in region 2 and both specific skill levels and
average capital quality in region 1 at 150% of that in region 2. Furthermore,
it is assumed that at t = 0 the technology used in the region 1 corresponds
to the technological frontier, and wages in region 1 are 1.8 times higher than
in region 2.
Table 2: Experiment design with initial values for different variables for the
high income region 1 and low income region 2

Technological Frontier
Per Capita Capital Stock
Productivity Capital Stock
Specific Skill Level
Wage

Region 1
1.5
3600
1.5
1.5
1.8

Region 2
1.5
1200
1.0
1.0
1.0

In addition to the differences in the initialization of key variables in the
two regions we also capture institutional respectively more persistent regional
differences by setting (constant) parameters differently in the two regions. In
particular, we incorporate differences in general skills of workers between the
regions as measured in the International Adult Literacy Survey (IALS) and
represent differences between the social security systems by setting the wage
replacement rate in case of unemployment to 70% in region 1 and 60% in
region 22 . All other parameters were chosen as in previous calibrations of
the corresponding simulation model (see Dawid et al., 2008, 2009) combining
what the relevant literature reports on empirical estimates relating to the
various parameters of the model with considerations of viability of the model
2

Again these numbers were motivated by empirical observations in Germany and
Poland.
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and its ability to reproduce standard stylized facts.
After choosing the parameters for the model we compare in our experiments four policies, which read the following:
“closed”: Workers can only work in their domestic region.
“closed-1000-open-c”: Workers can work in both regions after the
first 1000 periods (50 months) and have to bear commuting costs.
“open-c”: Workers can work in both regions but face commuting
costs.
“open”: Workers can work in both regions but do not face commuting
costs.
These experiments are thought to address the policy question formulated in
the Introduction.
For each scenario we run 38 single runs. Each single run represents 6000
periods (days), which corresponds to 300 months since we assume that each
month has 20 (working) days. We allow for a transient phase of 2000 periods
(100 months) before policies are applied in order to let the economy develop
and to avoid starting effects. The transient phase is not part of the economic
analysis in the following and consequently not shown in the figures. During
the transient phase the technological progress is switched off, no worker flows
occur and consumption goods are only delivered to the regional malls where
production took place. After 2000 periods consumption and capital good
markets are opened between the regions and results are shown from 60 periods later onwards to let firms adjust their delivery volumes of consumption
goods to the other region after the regional goods market were opened.
Before we discuss the findings of our simulation analysis, it is useful to
explicitly point out why a simulation approach is needed to study the effects
we are interested in. A meaningful examination of the dynamics of the agentbased model per se, which in a mathematical sense can be interpreted as a
Markov process in a high-dimensional state-space, by analytical means is
prevented by the complexity of the involved transition functions. So, any
analytical treatment would have to rely on a mean-field approach, where only
the dynamics of the first few moments of the distribution of variables, like
the specific skill level of workers is captured. Given our approach to describe
individual decision process by means of empricially founded and partly quite
complex rule-based heuristics, a closed form formulation of such a mean-field
model would already be quite challenging. But even if such a model could
be formulated, it is quite obvious that important aspects of our model, that
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will be crucial for the mechanisms driving our results, could not be captured
in such a model. Consider for example the interplay of the movement of
workers between regions and the dynamics of skill acquisition. The decisions
of workers to accept a job in a different region depends on their reservation
wage, which again depends on their (general) skills and their job history.
These two aspects influence the specific skill levels of the considered workers,
which means that the micro-structure of the interaction leads to a systematic
bias in the specific skill levels of commuting workers relative to the average
specific skills in that region. Furthermore, the acquistion of specific skills by
workers commuting from an ex-ante low-tech to an ex-ante high-tech region
will be systemtically different from the average speed of skill acquisition in
that region due to their larger skill gap. Since these workers are more likely
to move back to firms in the low-tech regions once these firms have closed the
wage gap, another systematic bias with respect to skill transfer between the
regions occurs when these workers move back to firms in their home region.
To capture such effects an explicit representation of the micro-interactions
is needed and hence mean-field models or even more so representative agent
models, that are analytically tractable, are no feasible alternatives.

4

Simulation results

We are interested in how different policies targeting the integration of the
two distinct regions fare. As a measure of performance we consider (regional)
output of the consumption good for most of our analysis. However, at the
end of the section we will also comment on the effects the different policies
have on regional consumption. Figure 1 displays output using box plots that
represent the distribution across 38 batch-runs for each policy scenario, where
output is given by the average over the last twenty monthly observations.
The four scenarios are ordered in a way that from left to right the amount of
spatial labor market frictions go down. From the aggregate point of view we
observe that opening labor markets increases total output, but the particular
way the labor market is opened has little long-run impact. Total output is
lowest for the policy option of never allowing labor flows between the regions
(“closed”). For all other three scenarios which are opening up the labor
market delayed by 50 months and some commuting costs (“closed-open-1000c”), opening up immediately imposing some commuting costs (“open-c”), and
full integration right away (“open”), no output differences occur. Applying
Wilcoxon rank test the only statistically significant differences occur if we
compare the closed scenario with any of the integration scenarios.
Interestingly, the aggregated point of view hides regional differences oc11
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Figure 1: Output (from left to right) for scenarios: “closed”, “closed-open1000-c”, “open-c”, and “open”.
curring along the policy scenarios again taking output as the performance
measure. Figure 2 summarizes the outcomes, now, showing box plots by
policy scenario and by region. While output leveled off at the aggregate it
shows quite striking regional differences along the different policy options.
For the high income region, as we start allowing for regional labor market
flows going from the “closed” scenario to the “closed-open-1000-c” and the
“open-c” scenario, output increases, again measured as the mean of the last
20 months of the simulated time series. Going for the full integration policy
with no commuting costs involved yields an outcome somewhere located between the output levels of a closed and delayed opening of the regional labor
markets.
An inverse ranking along the policy experiments can be observed for the
low income region 2. For the first three policy scenarios output becomes
lower and lower as we integrate regional labor markets. And going to the
extreme of imposing no commuting costs we get, again, an output level somewhere located between the output associated with a closed and regional labor
markets opened after 50 months. Thus, looking at convergence of the two
regions as a function of the various policy options, we are confronted with
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the least unequal distribution of output across regions if labor markets are
closed, where, however, recalling the result from figure 1 total output was
lowest, too. As among all the remaining polices total output is equal, a
ranking of the other three policies based on an objective which is to reduce
regional inequality, would be “open” followed by “closed-open-1000-c”, and
“open-c”. Two sided Wilcoxon signed rank tests were carried out for each
pairwise comparison of policies in each region and it was established that all
in figure 2 observed output differences are statistically significant at a 99%
level.
In the Online-Appendix B we show that the qualitative features of figures
1 and 2 stay intact for variations of key parameters, like the general skill levels
in the two regions, the initial quality of the capital stock in the two regions
and the location of the technological frontier. The crucial point is that the
two regions differ with respect to the initial distributions of specific skill levels
of workers and the initial quality of the capital stock such that there is a low
income and a high income region. Accordingly, the mechanisms discussed
below are relevant not only for the particular parametrization discussed here,
but for a larger set of scenarios.
Figure 2 illustrates the long run effects of the different policies in the
different regions, but as can be seen in figure 3, where the dynamics of
output produced in each region (averaged over the batch runs carried out for
each scenario) is depicted, short run effects do not fully coincide with these
observations. In particular, for the scenario where labor markets stay closed
the short run effects differ significantly from the long run effects. Short-run
output in region 1 under closed labor markets is relatively high compared to
the scenarios with labor market opening, whereas in region 2 for the first 100
months output in the closed scenario is below that of the three scenarios with
labor flows. The relative advantage of a closed labor market compared to an
open one for region 2 emerges more than 100 months after the introduction
of the different policies.
The remainder of the section will trace the mechanisms causing the regionally dispersive effects of the various labor market integration policies.
Using the possibilities offered by micro-founded agent-based modeling we
will thereby illustrate that the effects of the policies are determined by particular feedbacks between price driven demand effects and flows of workers,
know-how and capital. Essentially, what we are going to show by looking into
the evolution of various region specific variables is that due to cost and price
differences between producers located in the two regions, demand in both
regions shifts toward goods produced in one of the regions. This induces an
increased demand for labor in that region, which under closed labor markets
results in increasing wages in that region thereby reducing the local cost ad13
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Figure 2: Output by regions (from left to right within high income region 1
and low income region 2, respectively) for scenarios: “closed”, “closed-open1000-c”, “open-c”, and “open”.
vantage. At the same time investment in that region goes up at least in the
short run. Under open labor market scenarios the increased labor demand in
the region with initial cost advantages leads to labor flows which on the one
hand induce technological spillovers between the regions and on the other
hand alter the tightness of the two regional labor markets and imply quite
different wage dynamics compared to the closed scenario. These countervailing effects drive region specific production costs and ultimately the relative
prices, which in turn determine future worker flows.
Figure 4 shows the relative prices relating the price level of goods in region
2 to the price level of goods in region 1. Focusing on the last months of the
time series one sees how the convergence results coincide with the relative
prices. As figure 4 reveals the “closed scenario” which is related to the solid
line has the lowest relative price levels by the end of the simulation period.
The other relative price levels rank across the policy scenarios in accordance
with the output levels across the two regions (see figure 2), with the “open-c”
policy featuring the highest relative price and consequently the largest output
gap between the two regions. Furthermore, it can be clearly seen that the

14

3000
1000

1500

2000

Output_region_2

2500

3000
2500
2000

Output_region_1

1500
1000
0

50

100

150

0

Months

50

100

150

Months

Figure 3: Dynamics of output in region 1 (left panel) and region 2 (right
panel) for scenarios: “closed” (solid line), “closed-open-1000-c” (dashed line),
“open-c” (dotted line), and “open” (dashed-dotted line).
difference between short- and long-run output effects of the closed policy is
based on the fact that in the short run relative prices of goods produced in
region 2 compared to those from region 1 go up before they start declining.
Digging deeper trying to understand what is driving the relative regional
price levels, one has to recall first, that firms set prices as a mark-up on the
average costs with labor costs making a large share. Figure 5 illustrates the
role of labor costs per output by showing the relative wages between the
two regions for the various policy scenarios and the relative specific skills,
respectively. Specific skills constrain the firm using the available technology,
and thus higher specific skills allow for higher production by making use of
the qualitatively better capital stock. A first observation based on these
two figures is that in the open scenario, where the two labor markets are
completely integrated without commuting costs at the same time when goods
markets open up, the convergence between the two regions with respect to
productivity and wages of workers employed in each region is almost perfect
after 200 months. If labor flows are inhibited by spatial frictions the degree of
convergence is substantially reduced but still larger than in the case of closed
labor markets. The “closed” policy yields the lowest relative wages measured
as the wage level in region 2 to the wage level in region 1. Although one finds
also the lowest relative skill level for that same policy scenario comparing the
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Figure 4: Relative prices region 2 to region 1 for scenarios: “closed” (solid
line), “closed-open-1000-c” (dashed line), “open-c” (dotted line), and “open”
(dashed-dotted line).
two figures makes clear that in terms of relative specific skills region 2 under
the closed scenario comes close to the level it would reach under the open
scenario, whereas the gap with respect to wages between these two policy
scenarios stays much larger. The reason for this difference is highlighted in
figure 6 where the “base wage” offer, i.e. the wage a firm pays per expected
unit of specific skills of a worker, in the region 2 relative to that in region 1 is
shown. Initially base wages in region 1 are larger, due to tighter labor markets
in that region prior to the opening of goods markets, but in all three scenarios
where labor markets are opened the relative base wages in region 2 go up
over time and for “open” and “open-c” policies base wage offers in region 2
eventually exceed those in region 1. Only in the case of a closed labor market
the base wage offers in region 2 consistently decrease compared to those in
region 1. These observations show that an important explanatory factor of
the differences in relative prices under the four scenarios is the development
of relative base wage offers. Comparing figures 4 and 6 shows, however, that
also other effects must be relevant, since for a large time interval relative
prices in the open scenario are below those in the closed scenario although
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Figure 5: Relative wages (left panel) and relative specific skills (right panel)
of region 2 compared to region 1 for scenarios: “closed” (solid line), “closedopen-1000-c” (dashed line), “open-c” (dotted line), and “open” (dasheddotted line).
relative base wage offers in the open scenario always stay above the relative
base wage offers under the closed policy. Before we return to that issue we
further investigate the reasons for the diverging dynamics of relative base
wage offers in the four scenarios.
Obviously, both the dynamics of the base wage offers as well as the distributions of the specific skills by region and differentiated along the policy
scenarios are strongly linked to the flows of workers between the regions. The
two panels in figure 7 illustrate this feature. Again the solid line refers to the
policy scenario of closed regional labor markets where no commuting takes
place. As one chooses the policy option of opening up labor markets after
a transition period and still imposing commuting costs afterwards (“closedopen-1000-c”) one generates an immediate increase in commuters from low
income region 2 to the high income region 1 (see dashed line). As wages paid
in region 1 are higher than wages in region 2 it pays off for the workers in
region 2 to accept job offers from firms in region 1 even taking into account
costs from commuting. Worker flows from region 1 to region 2 only slowly
increase as the wage levels of the two regions get closer. The only striking
qualitative difference between the “closed-open-1000-c” scenario and opening
up labor markets immediately but imposing commuting costs (“open-c”) is
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Figure 6: Ratio of base wage offers in region 2 and region 1 for scenarios:
“closed” (solid line), “closed-open-1000-c” (dashed line), “open-c” (dotted
line), and “open” (dashed-dotted line).
the immediate onset of commuter flows from region 2 to region 1 as depicted
with the dotted line in the right panel of figure 7. Otherwise worker flows
between the regions behave similarly in these two policy scenarios. Combining the flows in both directions to compute net worker flows between the
regions, it can be easily seen that in all three open scenarios there are net
worker flows from region 2 to region 1 and that these net flows are largest
under the ”open-c” policy. It is now easy to understand that the worker flows
are the driving force underneath the differences in base wage offer dynamics
between the four policy scenarios. In the ”closed” scenario the increased demand for labor in region 1 triggered by the additional demand faced by region
1 producers after the opening of the labor market cannot be met by workers
commuting from region 2. Therefore, producers in region 1 often have to deal
with unfilled vacancies and accordingly increase their base wage offer more
frequently than producers in region 2. Quite the contrary holds true for the
“open” scenario, where producers in region 1 can easily attract workers from
region 2. The resulting outflow of workers from region 2 increases the labor
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market tightness in that region thereby generating an upward trend of base
wage offers in that region.
As discussed above, in terms of the regional distribution of specific skills
the low income region 2 profits most from opening up the labor markets completely. Given the commuting patters the explanation for this observation
is straight forward. In the open scenario a large number of workers from
region 1, who on average have higher specific skills than those in region 2,
commute to region 2, whereas an even larger number of region 2 workers
with relatively low specific skills commute to region 1, thereby lowering the
average specific skill level of firms in region 1. Similar considerations explain
the dynamics of specific skills in the other policy scenarios. An additional
implication of the worker flows depicted in figure 7 is that the labor intensity
of production in the two regions is affected by the applied policy, which in
turn influences production costs and prices. Focusing again on region 2, due
to the worker flows, the capital intensity of production under the “open” policy is larger than under the “closed” policy3 . This implies that per worker
with a given specific skill level more output is produced in the open than
in the closed scenario, which explains our previous observation that relative
prices in region 2 are lower in the ”open” than in the “closed” scenario in
many periods although the relative base wage offers are always lower in the
“closed” scenario.
Thus, the commuter flows induced by the different policies have intricate
implications for specific skill distributions, wages and capital intensity which
influences prices thereby generating demand shifts which feed back on commuter flows and investments. As the relative prices finally determine the
market share which a region can ultimately capture they explain the output
and convergence patterns over the policies which we analyzed.
To finish our analysis, we like to point out that the ranking of the different
policies from the perspectives of the two regions was carried out with a
focus on output produced by all firms located in that regions. A different
perspective is to focus on the dynamics of the consumption of all households
in a particular region. In scenarios with open labor markets, where many
workers are employed outside their home region but still consume at home,
the two perspectives might differ. Indeed figure 8, which shows box-plots of
consumption in both regions in the final 20 months, demonstrates that for
both regions the policies that yield largest local production do not lead to
highest local consumption. From the perspective of consumption in region
1 the best option is to keep labor markets closed, whereas for region 2 the
3

This observation has been checked considering the dynamics of capital/output ratios,
but we abstain from presenting the corresponding figure here.
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Figure 7: Commuters from region 1 to region 2 (left panel) and commuters from region 2 to region 1 (right panel) for scenarios: “closed” (solid
line), “closed-open-1000-c” (dashed line), “open-c” (dotted line), and “open”
(dashed-dotted line).
three scenarios where labor markets are opened give higher consumption
than the ”closed” policy although the ranking was exactly the opposite with
resepct to local production. The reason for these differences is the interplay
of commuter flows and relative wages in the two regions. Under the “open”
policy the large number of region 2 workers that commute to region 1 earn
higher (real) wages than they would earn in their own region under the
“closed” policy. This increases the overall consumption budgets of households
in region 2 and therefore has positive effects on total consumption there. On
the other hand, workers in region 1 profit from the larger real wages they earn
in the “closed” scenarios compared to the three policies with labor market
opening. Hence, total consumption in that region is largest in the “closed”
scenario.

5

Policy Implications and Conclusions

The policy experiments on labor market integration yield strikingly different
outcomes depending on the variable of interest, the regional level of analysis,
and the time horizon. Therefore, policy implications on what labor market
policies to choose will differ with the various objectives that one may impose
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and 2, respectively) for scenarios: “closed”, “closed-open-1000-c”, “open-c”,
and “open”.
accordingly. We show that while overall output is lowest for the closed scenario and equally higher for all policies that open up labor markets, output
differs along all four policies if we look into the regional effects. Thus, while
the policy advice is, when the objective is to maximize overall output, to
choose either of the policies that at least gradually opens up labor markets,
the advice to a policymaker who cares about convergence of regions would
go differently. A policymaker that is willing to trade-off some output on the
aggregate for more convergence should rather not integrate labor markets.
If, however, a policymaker is not willing to give up overall output, then the
advice is to fully open up labor markets as among all the policies that promote labor market integration, this is the policy which results in the least
inequality between regions with respect to output levels (c.f. figures 1 and
2). In a world in which there are considerable flows of workers who work
abroad but still consume in their domestic region results in terms of convergence effects of the various labor market integration policies differ, and so
will policy advice if a policymakers objective is to reduce between region in-

21

equality regarding per-capita consumption (c.f. figure 8). With consumption
as an argument in a policymakers objective function, no trade-off between
convergence of the regions and overall performance arises. Consequently, it
is advisable to open up labor markets as this policy yields better results in
terms of overall consumption and convergence of regions than not allowing
workers to commute between regions. Finishing up on the policy implications of our analysis we want to remark that the implications drawn so far,
differentiating along output or consumption, and the overall effects of policies as well as the effects on convergence, are implied by long-run outcomes.
However, as illustrated in figure 3 the evolution of output differs with respect
to the various policies by region. In particular, the high productivity region
fares better initially in terms of output with a policy of closed labor markets.
Thus, contrary to an advice which relates to the long-run consequences, for a
policymaker in that region who discounts the future heavily it would rather
be advisable not to open up labor markets.
Although the current model is already quite comprehensive, potentially
interesting features are left out. This is, for example, endogenous technological change which would provide a richer model of productivity progress
than our approach of using the standard assumption of an exogenously given
process that eventually increases the quality of the capital good. A second
feature that we will expand on in the future is the commuting behavior of
the workers. So far it is a very stylized approach based on a comparison of
labor income net of some exogenously given costs for commuting. It would
be a rewarding extension to put more structure on this particular decision of
the workers, extending the framework to migration where workers actually
reside in the region where they chose to accept work. The framework which
we are using is sufficiently flexible to allow for these extensions, but they
define a worthwhile agenda for future work.
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A: Details of the Model
Investment goods market
There exists a single type of technology for investment goods. The investment
good is offered with infinite supply. The quality of the investment good qtinv
increases over time due to a stochastic process. Every period the quality
is increased with probability γ inv ∈ (0, 1) where with probability (1 − γ inv )
there is no change of quality. In case of an increase the quality of the offered
good changes by a fixed percentage ∆q inv .
The price of the investment good pinv > 0 is assumed to be linked to the
level of quality, so that a rise of quality leads to a proportional increase of
pinv . Although capital goods producers are not modelled as active agents
the amounts paid for investment goods are channeled back into the economy.
Revenues accruing with the investment good producer are distributed among
the households in order to close the model.
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Consumption good producer
Quantity choice
Every consumption goods producer keeps a stock of its products at every
regional mall. A producer checks once every period whether any of the stocks
it keeps at different malls have to be refilled. To that end the firm receives
messages from all the malls it serves reporting the current stock level. Taking
this information into account, the firm has to decide whether and on what
scale it restocksnthe supply.
o
The vector D̂i,r,t−τ , ..., D̂i,r,t−1 gives the estimated demand of firm i
in mall r during the last τ periods. Furthermore, SLi,r,t is firm’s current
mall stock at the day in period t when the stock is checked. Then, standard
results from inventory theory suggest that the firm should choose its desired
replenishment quantity for region r according to the following rule:
(
0
SLi,r,t ≥ Yi,r,t ,
D̃i,r,t =
Yi,r,t − SLi,r,t else,
where Yi,r,t is chosen such that the firm expects to be able to satisfy the
market demand with some probability 1−X. Demand in the current period is
estimated using a linear regression based on previous demands. Put formally,
q
Yi,r,t = âi,r,t + τ · b̂i,r,t + q̄1−X · δ̂i,r,t ,
where q̄1−χ is the 1 − X quantile of the standard normal distribution and the
regression coefficients âi,r,t and b̂i,r,t as well as the variance δ̂i,r,t are estimated
using standard linear regression methods.
The sum of the planed quantities to be received by all malls becomes
D̃i,t =

R
X

D̃i,r,t .

r=1

To avoid excessive oscillations of the quantities Q̃i,t that the firm desires
to produce in period t, the time-series of total quantities required by the
different malls (D̃i,t ) is smoothed. On this account, the consumption goods
producer shows some inertia in adapting the actual production quantity to
the quantity requested by the malls. In particular, we have
Q̃i,t

t−1
1 X
= ξ D̃i,t + (1 − ξ)
Q̃i,k .
T k=t−T
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As discussed in more detail below, the realized production volume Q,t
can deviate from the planned output Q̃i,t due to rationing on the factor
markets. The quantities actually delivered to the malls, Di,r,t , are adjusted
proportional to the intended quantities D̃i,r,t so that
Di,r,t =

D̃i,r,t
Q̃i,t .
D̃i,t

Production times of consumption goods are not explicitly taken into account
and the produced quantities are delivered on the same day when production
takes place. The local stock levels at the malls are updated accordingly.
Factor demand
Consumption good producers, denoted by i, need physical capital and labor
to produce the consumption goods. The accumulation of physical capital by
a consumption good producer follows
Ki,t+1 = (1 − δ)Ki,t + Ii,t
where Ki (0) is given by the initialization and Ii,t > 0 is the gross investment.
Every worker w has a level of general skills bgen
∈ {1, . . . , bgen
w
max } and
a level of specific skills bw,t . The specific skills of worker w indicate how
efficiently the corresponding technology is exploited by the individual worker.
Building up those specific skills depends on collecting experience by using the
technology in the production process. The specific skills are updated once
in each production cycle of one month. Further, we assume that updating
takes place at the end of the cycle.
A crucial assumption is the positive relationship between the general skills
bgen
w of a worker and his ability to utilize his experiences. Taking the relevance
of the general skill level into account the specific skills of a worker w for
technology j is assumed to evolve according to
bw,t+1 = bw,t + χ(bgen
w ) · (Ai,t − bw,t ) ,
where we denote with Ai,t the average quality of the capital stock. The
function χ is increasing in the general skill level of the worker.
The production technology in the consumption goods sector is represented by a Cobb-Douglas type production function with complementarities
between the quality of the investment good and the specific skills of employees for using that type of technology. Factor productivity is determined by
the minimum of the average quality of physical capital and the average level
3

of relevant specific skills of the workers. Capital and labor input is substitutable with a constant elasticity and we assume constant returns to scale.
Accordingly, output for a consumption goods producer is given by
β
,
Qi,t = min[Bi,t , Ai,t ] × Lαi,t Ki,t

where Bi,t denotes the average specific skill level in firms and α + β = 1.
Firms aim to realize a capital to labor ratio according to the standard rule
for CES production functions. That is a ratio of quantity to price of the two
factors proportional to the corresponding intensity parameters. Accordingly,
K̃i,t L̃i,t
β
/ e = .
inv
p
wt
α
Taking into account the above production function this yields under the
assumption of positive investments
˜
K̃
i,t =

(βwte )α Q̃i,t
(αpinv )α min[Ai,t , Bi,t ]

˜
L̃
i,t =

(αpinv )β Q̃i,t
(βwte )β min[Ai,t , Bi,t ]

˜
˜ ≥ (1−δ)K
and if K̃
i,t
i,t−1 the desired capital and labor stocks read K̃i,t = K̃i,t
˜ . Otherwise, we have
and L̃ = L̃
i,t

i,t

K̃i,t = (1 − δ)Ki,t−1
L̃i,t =

Q̃i,t
((1 − δ)Ki,t−1 )β min[Ai,t , Bi,t ]

!1/α
.

For simplicity credit constraints are not incorporated in this version of
the model. All desired investments can be financed.
The monthly realized profit of a consumption goods producer is the difference of sales revenues achieved in the malls during the previous period and
costs as well as investments (i.e. labor costs and capital good investments)
borne for production in the current period. In cases of positive profits, the
firm pays dividends to its stockholders and the remaining profits, as well as
losses, are entered on an account Acci,t . Similar to the capital goods producer,
we assume that households hold shares of consumption goods producers, consequently the dividends are distributed to the households.
Since there are no constraints on the credit market and there is infinite
supply of the investment good, the consumption goods producers are never
4

rationed on the investment goods market. Wages for the full month are paid
to all workers at the day when the firm updates its labor force. Investment
goods are paid at the day when they are delivered.
Pricing
The managerial pricing rule corresponds to standard elasticity based pricing.
Assuming that all firms have constant expectations εei < −1 of the elasticity
of their demand, they set the price according to the standard rule
pi,t =

c̄i,t−1
,
1 + 1/εei

where c̄i,t−1 denotes unit costs in production of firm i in the previous period.
Once the firm has determined the updated prices pi,r,t for all regions r where
it offers its goods, the new prices are sent to the regional malls and posted
there for the following period.

Households’ consumption
Once a month households receive their income. Depending on the available cash, that is the current income from factor markets (i.e. labor income
and dividends distributed by capital and consumption goods producers) plus
assets carried over from the previous period, the household sets the budget
which it will spend for consumption and consequently determines the remaining part which is saved. On a weekly basis, sampling prices at the (regional)
mall the consumer decides which goods to buy.
The savings decision
We assume a stepwise linear approximation of the consumption rule derived
by Deaton (1991, 1992). At the beginning of period t, a consumer k decides
cons
about the budget Bk,t
that he will spend. In period t the agent receives
an income Inck,t , and holds assets Assk,t . Thus, cash on hand is denoted by
Avail
Liqk,t
= Assk,t + Inck,t . The assets evolve according to
Avail
cons
Assk,t = Liqk,t−1
− Bk,t−1
.

The consumer sets his consumption according to the following consumption rule
(
Avail
Avail
ean
Avail
ean
Liqk,t
− κ(Liqk,t
− Φ · IncM
) for Liqk,t
> Φ · IncM
k,t
k,t
cons
Bk,t
=
Avail
Liqk,t
else,
5

ean
where Φ ≤ 1 is a parameter, and IncM
is the mean individual (labor) ink,t
come of an agent over the last T periods. By definition the saving propensity
fulfills 0 < κ < 1.
The part of cash at hand that is not saved is used as the consumption
budget for that month. Each consumer goes shopping once every week, so
the monthly budget is equally split over the four weeks. Parts of the weekly
budget that are not spent in a given week are rolled over to the consumption
cons
budget of the following week. This yields a consumption budget Bk,week
for
t
each week in period t.

Selection of consumption goods
The consumer collects information about the range of goods provided. He
receives information about prices and inventories. In the Marketing literature
it is standard to describe individual consumption decisions using logit models.
We assume that a consumer’s decision which good to buy is random, where
purchasing probabilities are based on the values he attaches to the different
choices he is aware of. Denote by Gk,weekt the set of producers whose goods
consumer k has sampled in week weekt of period t and where a positive
stock is available at the attended mall. Since in our setup there are no
quality differences between consumer goods and we also do not explicitly
take account of horizontal product differentiation, choice probabilities depend
solely on prices. The value of consumption good i ∈ Gk,weekt is then simply
given by
vk (pi,t ) = −ln(pi,t ).
The consumer selects one good i ∈ Gk,weekt , where the selection probability
for i reads
Exp[λcons
vk (pi,t )]
k
P
.
P robk,i,t =
cons
vk (pi0 ,t )]
i0 ∈Gk,week Exp[λk
t

Thus, consumers prefer cheaper products and the intensity of competition
in the market is parameterized by λcons
. Once the consumer has selected a
k
cons
good he spends his entire budget Bk,week
for that good if the stock at the
t
mall is sufficiently large. In case the consumer cannot spend all his budget
on the product selected first, he spends as much as possible, removes that
product from the list Gk,weekt , updates the logit values and selects another
product to spend the remaining consumption budget there. If he is rationed
again, he spends as much as possible on the second selected product, rolls
over the remaining budget to the following week and finishes the visit to the
mall.
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Labor market
Labor demand
Labor demand is determined in the consumption goods market. If the firms
plan to extend the production they post vacancies and corresponding wage
O
for each general skill group g keeps unchanged
offers. The wage offers wi,t,g
as long as the firm can fill its vacancies, otherwise the firm updates the
wage offer by a parameterized fraction. In case of downsizing the incumbent
workforce, the firm dismisses workers with lowest general skill levels first.
Labor supply
Labor supply is generated by the unemployed. An unemployed k only takes
the posted wage offer into consideration and compares it with his reservation
R
wage wk,t
. A worker will not apply at a firm that makes a wage offer which
is lower than his reservation wage. The level of the reservation wage is
determined by the current wage if the worker is employed, and in case of an
unemployed by his adjusted past wage. That is an unemployed worker will
reduce his reservation wage with the duration of unemployment. When a
worker applies he sends information about his general as well as his specific
skill level to the firm.
Matching algorithm
According to the procedures described in the previous sections consumption
goods producers review once a month whether to post vacancies for production workers. Job seekers check for vacancies. The matching between
vacancies and job seekers works in the following way:
Step 1: The firms post vacancies including wage offers.
Step 2: Every job seeker extracts from the list of vacancies those postings to
which he fits in terms of his reservation wage. He sends an exogenous
determined number of applications to randomly chosen firms.
Step 3: If the number of applicants is smaller or equal to the number of vacancies the firms send job offers to every applicant. If the number of
applicants is higher than the number of vacancies firms send job offers
to as many applicants as they have vacancies to fill. Applicants with
higher general skill levels bgen
w are more likely to receive a job offer.
Step 4: Each worker ranks the incoming job offers according to the wages net
of commuting costs (comm > 0) that may arise if he was to accept
7

a job in the region where he does not live. Each worker accepts the
highest ranked job offer at the advertised wage rate. After acceptance
a worker refuses all other job offers and outstanding applications.
Step 5: Vacancies’ lists are adjusted for filled jobs and the labor force is adjusted for new employees.
Step 6: If the number of vacancies not filled exceeds some threshold v > 0 the
firm raises the base wage offer which is paid per unit of specific skills
O
base
. If an unemployed job
= (1 + ϕi )wi,t
by a fraction ϕi such that wi,t+1
seeker did not find a job he reduces his reservation wage by a fraction
R
R
ψk , that is (wk,t+1
= (1 − ψk )wk,t
). There exists a lower bound to
R
the reservation wage wmin which may be a function of unemployment
benefits, opportunities for black market activity or the value of leisure.
If a worker finds a job then his new reservation wage is the actual wage,
R
= wi,t . Go to step 1.
i.e. wk,t
This cycle is aborted after two iterations even if not all firms may have satisfied their demand for labor. As indicated above this might lead to rationing
of firms on the labor market and therefore to deviations of actual output
quantities from the planned quantities. In such a case the quantities delivered by the consumption good producer to the malls it serves is reduced
proportionally. This results in lower stock levels and therefore increases the
expected planned production quantities in the following period.

B: Robustness Checks
In this Appendix we demonstrate that changes of key parameters within
certain ranges do not alter the qualitative features of the patterns of total
and regional output distributions under the four considered labor market
policies. We focus here on variations of characteristics of the high income
region 1 and keep characteristics of region 2 according to the specifications
in the main body of the paper. In figure B1 we depict total output and
regional output under the considered four policy options in a scenario where
specific skills and the quality of the capital stock in region 1 as well as the
technological frontier are initialzed at a value of 1.75. As in the paper, initial
wages in region 1 are always 20% above initial productivity. Panels (a) and
(b) of figure B1 should be compared to figures 1 and 2 in the paper, where
the same distributions are shown for the default productivity value of 1.5 in
region 1. It can be seen that also with a larger initial gap between the two
regions the (relative) effects of the four polices stays the same. In particular,
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the different policies corresponding to an opening of the labor market yield
higher expected total output than the ’closed’ policy. Considering regional
output we observe the same inverse U-shape for region 1 and U-shape for
region 2 that appears in figure 2. Figure B2 illustrates results for a scenario
where the initial gap is smaller than in the default case and again we observe
the same patterns.

(a)

(b)

Figure B1: Total output (a) and output by regions (b) after 200 months for
scenarios (from left to right): “closed”, “closed-open-1000-c”, “open-c”, and
“open”. Specific skills in region 1, the quality of the capital stock in region
1 and the technological frontier are initialzed at a value of 1.75.
In figures B3 and B4 we vary the distribution of general skills in region
1 und region 2. In figure B3 it is assumed that all workers in both regions
have identical general skills of 3. Hence there exists no general skill gap
between the regions. Compared to the default scenario where the distribution of general skills across the five general skill levels in region 1 is given
by (0.1, 0.3, 0.4, 0.15, 0.05) and in region 2 by (0.42, 0.33, 0.2, 0.04, 0.01), this
corresponds to a slight increase in average general skills in region 1 and a
larger increase in average general skills in region 2. Again, we observe qualitativey similar patterns to those in figures 1 and 2. This observation also
holds if we reduce the general skills of all workers to a value of 2. In these
scenarios without a general skill level gap between the regions the observed
implications of the policies nevertheless correspond to those discussed in the
paper.
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(a)

(b)

Figure B2: Total output (a) and output by regions (b) after 200 months for
scenarios (from left to right): “closed”, “closed-open-1000-c”, “open-c”, and
“open”. Specific skills in region 1, the quality of the capital stock in region
1 and the technological frontier are initialzed at a value of 1.25.

(a)

(b)

Figure B3: Total output (a) and output by regions (b) after 200 months for
scenarios (from left to right): “closed”, “closed-open-1000-c”, “open-c”, and
“open”. All workers in region 1 have general skills of 3.
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(a)

(b)

Figure B4: Total output (a) and output by regions (b) after 200 months for
scenarios (from left to right): “closed”, “closed-open-1000-c”, “open-c”, and
“open”. All workers in region 1 have general skills of 2.
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