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Abstract

How does technical progress affect long-term unemployment in a small open economy?
This relationship is evaluated in an open neoclassical growth model that is extended by
a Pissarides-style labor market matching approach. In the genera equilibrium model,
the labor market of the three factor growth model is characterized by immobile hetero-
geneous jobless workers. Internationa capital mobility represents the efficient intertem-
poral allocation of world resources. Depending on a parametric growth condition, an
increase in technical progress implies a favorable capitalization effect respectively an
unfavorable Schumpeterian creative destruction effect. Secondary effects in form of a
stigmatization and a human capital depreciation effect are generated and influence the
unemployment duration and the fraction of long-term unemployment negatively. Addi-
tionally, the model shows that even in the steady state a constant current account deficit
for anet debtor is sustained that rises even more as productivity growth increases.

Zusammenfassung

Wie beeinflusst der technische Fortschritt die Langzeitarbeitslosigkeit in einer kleinen
gedffneten Okonomie? Diese Beziehung wird in einem gedffneten neoklassischen
Wachstumsmodell evaluiert, das um einen Arbeitsmarkt nach der Formulierung des
Matching-Ansatz von Pissarides erweitert wird. In dem algemeinen Gleichgewichts-
modell ist der Arbeitsmarkt des Drei-Faktor-Wachstumsmodell durch immobile, hete-
rogene Arbeitslose charakterisiert. Internationale Kapitalmobilitét reprasentiert die effi-
ziente intertemporale Allokation von weltweiten Ressourcen. Abhangig von einer spezi-
fischen Wachstumsbedingung impliziert eine Erhéhung des technischen Fortschritts
einen positiven Kapitalisierungseffekt bzw. einen negativen Schumpeterschen kreativen
Zerstorungseffekt. Sekundére Effekte in Form eines Stigmatisierungs- und eines Hu-
mankapital-Abwertungs-Effekt werden generiert und beeinflussen sowohl die Dauer der
Arbeitslosigkeit as auch die Langzeitarbeitslosigkeit negativ. In dem Modell wird zu-
sétzlich gezeigt, dass erstaunlicher Weise im Steady State ein konstantes Leistungshi-
lanzdefizit fur ein Netto-Schuldner Land aufrecht erhalten wird, das bei steigendem
technischen Fortschritt grof3er wird.

JEL Classification: E24; F41; O41

Keywor ds. long-term unemployment, technical progress, capital mobility, growth,
matching

VI



1 Introduction

The stylized fact on long-term unemployment! shows a huge increase in the level and
the growth rates of long-term unemployment in industrialized countries.? Taking
into account the openness of countries and the rapid increase in new technologies
in the last decades, a natural question becomes, how does technical progress affect
long-term unemployment in a small open economy.

Recently expanding literature focuses, on the one hand, mainly on unemploy-
ment and technical progress — usually in matching models that neglect the influence
of capital accumulation as well as goods and capital market integration on unem-
ployment — and, on the other hand, the huge increase in long-term unemployment
is discussed in closed economy approaches explaining the implications of skill-biased
shocks. However, the literature does not take into consideration the effects of tech-
nical progress on long-term unemployment in small open economies with integrated
capital and goods markets, when the usual social benefit argument — that is in-
creasing unemployment compensation leads to higher unemployment and higher
long-term unemployment — is not regarded.?

The model that can fill this gap is developed in this paper. The relationship
between long-term unemployment and the rate of growth attributable to technical
progress is evaluated in an open neoclassical growth model that is extended by a
Pissarides-style labor market matching approach and by introducing international
capital and goods mobility. Since this paper does not make an attempt of explic-
itly explaining growth,* the neoclassical growth model with exogenous technical
progress, influencing the skills of employed, unemployed and long-term unemployed
workers as well, i.e. affecting the labor market, seems more appropriate than en-
dogenous growth models. Furthermore, to analyze considerable structural labor
market changes, the Pissarides-style matching approach is chosen, because this ap-

proach is able to describe long-run structural changes; whereas alternative short-run

' Long-term unemployment is defined as percentage on total unemployment.

2See Figure 7 in the appendix.

3For a discussion of the implications of unemployment benefits on long-term unemployment,
see for example MARIMON, ZILIBOTTI (1999), LJUNGQVIST, SARGENT (1998), GORA, SCHMIDT
(1998), BOERI, WORGOTTER (1998), LAYARD (1997), LAYARD, NICKELL, JACKMAN (1991) and
LAvarD, BEAN (1989) .

4To explain growth endogenously see for example ROMER (1986, 1990), Lucas (1988), AGHION,
HowirtT (1992).



labor market theories explain wage differentials between the equilibrium wage and
the actual wage rate.” The labor market of the three factor growth model that
consists of real capital, labor in efficiency units and an imported intermediate good
is characterized by immobile heterogeneous jobless workers to distinguish between
short-term and long-term unemployed. International capital mobility represents an
intertemporal efficient allocation of world-wide resources. To account for goods and
capital market integration, the model includes the capital account as well as the

current account.

1.1 Capitalization and Creative Destruction Effects

It will be shown in this model that, depending on a parametric growth condition,
an increase in technical progress implies a favorable capitalization effect as well as
an unfavorable creative destruction effect.® In the literature, the favorable effect

“...an increase in the growth rate increases the

is called capitalization effect, since
present discounted value of the profits from creating a job slot...” (BEAN, Pis-
SARIDES, 1993, p. 838). The unfavorable effect is related to Schumpeter’s creative
destruction effect. “At this point SCHUMPETER (1950, p.83) also introduces his fa-
mous concept of ‘creative destruction’, by which he means that capitalism contains
forces ‘that incessantly revolutionize the economic structure from within, incessantly
destroying the old one, incessantly creating a new one’.” (SWEDBERG, 1991, p. 157).
Here the key point is that, satisfying the growth condition, an increase in technical
progress leads to the capitalization effect via the net creation of jobs. This in turn
implies rising employment and shrinking average unemployment. However, violating
the parametric growth condition, the negative Schumpeterian creative destruction
effect is caused by the net destruction of existing jobs. As a result, employment will
decrease and average unemployment will increase.

Both effects are sufficiently discussed in the literature in order to explore the
relationship respectively the direction of causation between technical progress and

unemployment. In general, this discussion does not determine any clear-cut rela-

tionship. PI1SSARIDES (1990) shows that an increase in the rate of technical progress

>These more short-run orientated approaches, like insider-outsider-models or efficiency-wage-
models, usually explain unemployment because of wage rigidities. For these approaches see for
example SALOP (1973a,b), STIGLITZ (1974), CALvO (1979), WEISS (1980, 1991), AKERLOF (1982,

1984), SHAPIRO, STIGLITZ (1984), AKERLOF, YELLEN (1985, 1990), N1CKELL (1991).
OFor both effects see also AGHION, HOWITT (1994, p. 477) and POSTEL-VINAY (1998, p. 1101).



results in higher revenues indicating a positive link between employment and pro-
ductivity growth. According to AGHION, HOWITT (1994) technical progress is not
equally distributed among firms and jobs implying that technical progress generates
and destroys jobs at the same time. In their closed economy vintage-model, an in-
crease in productivity growth causes the creative destruction effect describing that
increasing productivity growth causes higher unemployment and also, the capitaliza-
tion effect. Due to the latter effect, employment increases. Therefore, if productivity
growth rises at low rates, a reduction in employment is implied; whereas at high rates
of technological progress employment goes up. This results in a hump-shaped rela-
tionship between productivity growth and unemployment. While in both approaches
productivity growth generates unemployment, BEAN, PISSARIDES (1993) point, in
a closed economy overlapping-generations-model, to the other direction of causa-
tion requiring that unemployment determines technological progress. They derive a
positive respectively negative interdependence between growth and unemployment
depending on whether the point of view is Classical or Keynesian. POSTEL-VINAY
(1998) and MORTENSEN, PISSARIDES (1998) confirm the ambiguous link between
growth and unemployment in an endogenous growth model respectively an endoge-
nous matching-model. In the latter stochastic matching-model with heterogenous
productivities, increasing productivity growth leads via the creation of new jobs to
rising employment when renovation costs are low, and to rising unemployment when
renovation costs are high.

Within the model that is developed in section 2 the capitalization effect as well
as the creative destruction effect occur. However, the implications of an increase in
technological progress on unemployment do not depend on the level of the growth
rate, as in AGHION, HOWITT (1994), but on whether the growth condition holds
or is violated. Furthermore, both effects show up in a simple open neoclassical
growth model that is extended by a Pissarides-style labor market approach and
by introducing heterogenous unemployed workers to distinguish between short-term

and long-term unemployed workers.

1.2 Stigmatization and Human Capital Depreciation Effects

Beside these primary implications, i.e. the capitalization and creative destruction
effect acting directly but in opposite directions on unemployment, secondary effects

in form of a stigmatization effect and a human capital depreciation effect also occur



in the model. Both effects influence the duration of average unemployment and the
fraction of long-term unemployment negatively.

The stigmatization effect shows the relationship between technical progress and
the unemployment duration. It is supposed that increasing technological progress
impacts negatively on the duration of unemployment. As technical progress in-
creases, the matching probability decreases and less unemployed leave the unem-
ployment pool. Therefore, with higher productivity growth the average duration of
unemployment increases, and the average unemployed worker is stigmatized by a
higher unemployment duration.

Furthermore, since the unemployment pool consists of short-term and long-term
unemployed, increasing technical progress causes human capital depreciation espe-
cially for long-term unemployed workers. Being out of work for a long time implies
that long-term unemployed workers do not possess the know-how and the abilities to
handle the latest production technologies. For their vacancies that are endowed with
the latest technology, firms demand only short-term unemployed and, due to human
capital depreciation, the fraction of long-term unemployed workers will increase as
technical progress rises.

This latter relation, i.e. the relationship between the skills of the unemployed
and technological progress, is discussed in some recent studies showing implications
of skill-biased technological shocks on (long-term) unemployment.” COLES, MAS-
TERS (2000) examine in a search-matching model the effect of skill depreciation on
the equilibrium level of unemployment when long-term unemployment emerges as
endogenous phenomenon. Their model implies that today’s recession, which leads
to longer unemployment spells, impacts on the distribution of market skill levels
in the future. They conclude that subsidizing retraining to reduce long-term un-
employment is inappropriate; a better way is to subsidize vacancy creation. The
argument of LJUNGQVIST, SARGENT (1998) points in the same direction and iden-
tifies generous welfare schemes as obstacles for reducing long-term unemployment.®
Their point is that generous welfare schemes tend to be more prone to generate

high levels of unemployment when economies undergo rapid structural change. If

"For different models explaining long-term unemployment respectively the duration of unem-
ployment for various reasons see also ACEMOGLU (1995), BLANCHARD, DIAMOND (1994), Pis-
SARIDES (1992) and LockwooOD (1991). For analyzing the implications of reduced outflows
rate on long-term unemployment from a more empirically related perspective see ROSEN (1997),

BURGESS (1994) and JONES, MANNING (1992).
®See also LIUNGQVIST, SARGENT (1995).



redundancy is associated with the loss of skills, abundant welfare payments make
unemployed more reluctant to take up poorly paid jobs. Thus, an increase in long-
term unemployment is implied, and increasing structural change interpreted as the
rate of skill decay will always raise unemployment. This point of view is confirmed
by MARIMON, ZILIBOTTI (1999). They show in a search-matching model with
heterogeneity in productivities that differences in unemployment insurance result
in differences in unemployment and productivity growth, when countries experi-
ence a skill-biased technological shock. Due to the complementarity between capital
and capital-specific-skills, the mismatch in the economy is enlarged. MORTENSEN,
PISSARIDES (1999) also examine the effects of skill-biased shocks that increase the
spread of productivities across different skills.” These skill-biased shocks are mod-
elled as changes in the complementarity between new capital and labor, favoring
the more skilled and eroding the productivity of the less skilled. Therefore, pure
skill-biased shocks lead to higher mean unemployment and to longer unemployment
durations.

In this approach, skill-biased technological shocks are represented by a nega-
tive influence of rising technological progress on the fraction of long-term unem-
ployed workers. That assumption seems plausible, since an increase in technological
progress has a greater negative impact on long-term unemployed than on short-
term unemployed workers. The human capital of the long-term unemployed gets
even more obsolete than that of short-term searchers, and it depreciates even faster,

when new production technologies are implemented very rapidly.

1.3 Small Open Economy

The focus of the above discussed literature is to explain the increase and persis-
tence in unemployment within matching models that are usually set up for closed
economies.'’ However, long-run relationships between capital accumulation, tech-
nical progress and the labor market are often missing in these models as well as
the integration of capital and goods markets. This paper focuses on a small open
economy to analyze the implications of technical change on unemployment within
an open neoclassical growth model that is extended by the labor market matching-

approach.

9For related models see also MERZ (1995, 1999).
Y However, FEVE/LANGOT (1996) integrate the search labor market approach into a small open

real business cycle model and estimate the implications for the French economy.



It is well-known that in small open economies populated by indefinitely-lived
representative households with time additive utility, a long-run steady-state equilib-
rium does not exist, if the subjective discount factor is different to the fixed interest
rate.!! However, assuming a constant saving rate — as usual in neoclassical growth
models — the existence of a steady-state is implied. Even if the small country is
a net debtor, its capital stock will not be consumed and, therefore, the country
does not vanish; as it would be the case in a small debtor economy characterized
by indefinitely-lived households with constant time-preference rates that are higher
than the interest rates.

In this model, the country’s net wealth position depends on a condition which
is determined by labor market as well as fundamental parameters. It will be shown
that even in the steady-state, a constant current account surplus for a net creditor
will be sustained, and it rises even more as productivity growth increases (and vice
versa for a net debtor). Therefore, the model does not support the notion of long-run
well balanced trade. Additionally, it is discussed whether, in the long-run steady
state, a constant current account deficit will be financed by a trade account deficit
or surplus and/or by the international interest income of that country.

Analyzing the implications of capital market integration on the domestic labor
market, the model shows that rising technical progress can lead to higher demand for
investment, higher capital accumulation and a higher level of offered vacancies. As
a result, a higher net wealth position for a net creditor country and less steady-state
unemployment are implied.

To summarize, the paper focuses on the influence of technical progress on long-
term unemployment as well as on the current account and the net wealth position
of a small open economy, and it explains the increase in long-term unemployment
within an open growth-matching model. The model is developed in the next section.
Section 3 analyses the steady-state solution and the stability of the model. There-

after, economic implications are discussed in section 4 and Section 5 concludes.

1 See also OBSTFELD (1990, p. 46): “In a deterministic setting with infinitely-lived households,
constant time-preference rates fail to produce a steady-state in which all households have positive
net worth and consumption. Translated to a world of small open economies, the result implies
either that the long-run global distribution of wealth is indeterminate or the economy with the

lowest time-preference rate eventually comes to own all the world’s outside wealth.”



2 The Economy

2.1 The Labor Market

Aggregate labor endowment of households is constant and denoted by L = L. At
any time labor is either employed or unemployed; the employed workers are denoted

as E and the unemployed as U. Thus, the labor force is represented by
L=FE+U. (1)

The labor market is characterized by search frictions with firms looking for jobless
workers filling vacancies and unemployed searching for a job. Both sides of the
market have incomplete information about the opposite market side. The level
of search activities is represented by the number of vacancies V', the number of
unemployed U and the number of matches M formed at any point in time. If
no frictions were present, laid-off workers would find immediately new jobs and

equilibrium unemployment would not exist.

Matching and Technical Progress

Since newly created vacancies are endowed with the most recent technology, the
number of matches is also determined by the rate of technological progress X that
represents the diffusion of technological know-how. If an economy has a high rate
of technological progress, only few unemployed workers can fill the vacancies and
the number of matches is relatively low. In order to describe this, it is assumed
that technological knowledge of the unemployed does not grow with the same rate

as technological progress. The underlying matching technology is defined as
M=m(V,U;\) = VI=PUPN ', 0<pg<1 2)

with [ as the search intensity of the unemployed workers. The matching function is
assumed to be homogeneous of degree one. This implies that the indicator for labor

market tightness is denoted by the ratio of vacancies to unemployed 6 := V/U and
p(6; ) == M/U = m(V/U,1;X), p; <0< pg (3)
is the matching-probability for the searchers and

q(6; ) == M)V =m(L,U/V; ), qo,q5 <0, (4)



is the probability of filling the firm’s vacancies. Both probabilities depend on la-
bor market tightness and reflect the externalities each trading partner faces. If the
number of jobless workers increases, the matching-probability for the average un-
employed will decrease and simultaneously the probability of filling vacancies will
increase. Introducing the growth rate of technological progress into the matching
function implies that it will become more difficult for an average searcher to leave
via a job-match the unemployment pool. On the other hand, since the vacancies are
endowed with the latest technology, the probability of filling a firm’s vacancy will

decrease as technical progress increases.

Human Capital Depreciation and Long-Term Unemployed
Due to constant returns of scale, the average duration in unemployment is defined

as
p(O;X) == U/M =m(V/U,1;0) ", py <0< p; (5)

and it goes up when the labor market becomes tighter which is characterized by
increasing unemployment for given vacancies. Additionally, as technical progress
raises, less unemployed are matched to jobs, and unemployment duration increases
as well.

Furthermore, two types of jobless workers are distinguished: short-term and
long-term unemployed, U* respectively U”, and the heterogeneous unemployment

pool is defined as

U = U4+ U*r
U = [1=¢pNU+e(p U, 0<¢<1, ¢,d5>0, (6)

~

with ¢(p; \)U as the long-term unemployed. The long-term jobless workers show
significant different search behavior than short-term unemployed. They are looking
for new jobs with less search intensity and, due to the long unemployment duration,
they are demoralized and discouraged.'? During their jobless time their human
capital is exposed to large depreciation losses and, since they are not trained and
do not accumulate any additional knowledge, i.e. without allocating any resources
to the long-term unemployed, they are not able to handle the latest production
technologies. Therefore, the number of long-term jobless workers depends positively

on the unemployment duration p and positively on the rate of technical progress N

12See also LAYARD, NICKELL, JACKMAN (1991).

8



Wage Determination

Due to matching-frictions, trading partners have monopoly power and successful
matching yields additional profits which are shared between firms and workers. The
division of profits can be modelled by a Nash bargaining approach or simply by shar-
ing the marginal product of labor, whereby the sharing proportions are determined
by the bargaining power of searchers and firms.!® This sharing rule determines
the profit proportion newly hired workers get and, because all job-worker pairs are
equally productive, the wage rate results as a constant fraction of the marginal

product of labor!*
w=wlFgk), 0<w<l. (7)

w denotes the sharing proportion and represents the bargaining power of searching

workers.

2.2 The Wealth Market

Each firm uses three inputs capital K, labor L, imports Z and the current state of
technological progress A := )\oe;\t to produce a homogenous good X. Imports are
intermediate goods needed to produce the output which is described by a Cobb-

Douglas-function:
X =F(K,Z,\E) .= K*Z'[\E]° (8)

with « as the production elasticity of capital [0 < a < 1], ¢ as the production
elasticity of labor in efficiency units [0 < £ < 1]and v as the elasticity of imports
[0 < v < 1]. The production function has constant returns to scale and, using

£:=1— a — 7, it can be rewritten in efficiency units as
x = 2Tk, 9)

with z as imports in efficiency units, z := Z/\E,

_ K
\E

13See also NICKELL (1999) and ZANCHI (2000) for a recent discussion of the wage determination

k- (10)

in search models.
14See also GRIES, JUNGBLUT, MEYER (1997 a, b) and SAINT-PAUL (1996, p. 138) who assumes

that “the output of any worker is equally split between the firm and the worker.”



O<a+~vy<l.

Demand decisions for the representative firm concern changes in real capital as
well as in employment. The change in employment is determined by inflows in and
outflows out of unemployment. The inflows into unemployment are characterized by
the separation of existing job-matches at any point in time and are described by the
exogenously given separation rate v times the workers E. Thus, inflows characterize
the number of unproductive jobs which generate layoffs.!> On the other hand,
outflows are represented by the flow of newly formed job-matches and, therefore, by
the matching-function m(U, V; ;\) Firms create and offer new productive jobs and
they have to fill these vacancies by searching for suitable workers. At the aggregate
level, the filling of vacancies depends on the number of unemployed, the number
of offered vacancies, the search intensities of firms and unemployed and the rate of
technical progress; all determinants are expressed in the matching-function. Taking
outflows and inflows together, the dynamics of employment result as the difference

between both and can be expressed as

E =m(U,V;)\) —vE. (11)
Each vacancy induces search costs of ¢, with ¢, := cvoex’f. Since the newest jobs
contain the latest technology, it is costly for the firm to find unemployed workers
being able to handle most recent technologies. Therefore, search costs grow with
the rate of technical progress.
Taking these aspects into consideration, the representative firm faces the following
intertemporal optimization problem with the current flow of profits as output minus
factor payments minus search expenditures. The factor payments consists of cost for
rented capital rK, labor cost wFE and import cost p,Z. Denoting r as the discount

factor, the firm’s maximization can be written as

max / {F(K,\E,Z) —rK —wE — p,Z — ¢,V }e "dt
vz J,

st.  E=m(UV;\) —vE

K=1I (12)
K(0),E(0) given.

5For an exogenous separation rate see also PISSARIDES (1990) as well as POSTEL-VINAY (1998)
and for an endogenous rate see MORTENSEN/PISSARIDES (1994, 1998).

10



In order to solve the optimization problem, a present-value Hamiltonian function
H(K,E,V, I,y py) with two state variables, E respectively K, the control variables
I and V as well as costate variables p,; [i = 1,2] is set up. Denoting F; as the partial

derivative of F'(-) with respect to j = K, E, Z, the Hamiltonian conditions are

OH Ly
v - 0 — —e e, + pymy =0 (13)
. oM L
M= g T Th=c [Fp —w] — pyv (14)
RN E=m(UV)-vE (15)
Opy
OH
. oM L
THy = g 7 =€ [Fr — 7] (17)
L N (18)
Oy
aH _ —rt _

with the transversality conditions

. OH . OH
lim S5 E = lim 52K = 0.

The first order conditions for capital, labor and imports are given by

Fr(k) = r (20)
Fulk) = w+ﬁcv[r—ﬂﬁ(0—v)+u}eﬂ (21)
Fy(k) = p. (22)

with Fj(k) [j = K, E, Z] as the marginal products of their respective factors and the
right hand sides are marginal costs. Note that the representative firm takes the wage
as given so that the firm cannot influence the wage rate in this stage. Since there
are many firms, they compete with each other and, therefore, cannot determine the
wage. This is done later in the wage bargaining process.'® Furthermore, the import
price as well as the interest rate are fixed due to the small country assumption.
Notice that the workers get only a fraction of the marginal product of labor
which is w = wFy (k) and the firm receives (1 — w)Fy (k). The latter one uses it to

finance its search costs and, therefore, the restriction (1 — w)Fg (k) = ¢,V holds.

16For the wage determination see equation (7).
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International Capital Mobility

After describing the intertemporal optimization problem of the representative
firm, international financial assets have to be introduced to generate an intertem-
poral allocation of goods. TAUB (1999, p. 492) characterizes international trade

in goods and capital as follows: *

‘...countries should trade intertemporally; the ex-
change will take the visible form of assets exchanged for goods, and subsequent
repayment of goods. By this logic countries should be borrowing and lending in
the international market.” If capital can freely move between countries, it has to
be differentiated whether the domestic capital stock arises from domestic and/or
foreign capital accumulation. Domestic capital K and net assets B are assumed to

be the only forms of national wealth, A
A-K=B. (23)

B is positive, that is the domestic stock of net assets is positive, if the domestic
country is net creditor. As long as the domestic country is net debtor (B < 0), the
rest of the world is net creditor. Because of international purchases or sales of net
assets, net interest payments have to be regarded. National income, Y, consists of

domestic income, Y%, and net interest income, rB:
Y =rK+wE+rB, (24)

where 7K and wE is the domestic income, Y¢, with w as wage rate and r as world
interest rate. National income would decrease with an increasing stock of net foreign
debts (i.e. B < 0), because of rising interest payments. Therefore, national income
can increase or decrease, depending on the country’s net creditor or debtor position.

As a next step the balance of payments, consisting of current account and cap-
ital account, has to be regarded. Without international capital mobility, the trade
account would restrict the country’s current consumption possibilities. However,
due to capital mobility, this restriction does not hold any longer. The temporal re-
striction becomes more flexible, since additional intertemporal exchanges are now
possible. The release of international tradable assets allows a country to use more
than the own temporary production possibilities; that is, with international capital
mobility a country can make use of foreign resources. As a reward for the current use
of foreign resources, an intertemporal promise regarding interest payments and debt
repayment is given and ensures the later back-delivery of own future resources into

the foreign country. This possibility of using excessively the temporary product in
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favor of future under-utilization allows an efficient intertemporal allocation of world
wide resources.

Therefore, with international capital mobility, the trade account restriction does
not longer hold; due to international interest income, it has to be extended to the
current account. Beside exports and imports, the current account includes in its
simplest form net interest income. Denoting the current account balance by C'A, it
consists of exports, Ex, with the price of exports normalized to one, of the import

volume, p,Z, and of net interest income, rB:
CA=FEx—p,Z+rB. (25)

Also, the current account restriction does not hold any longer. If the domestic
country is a net capital importer, its current account balance can be negative and
net flows of goods from the foreign into the domestic country occur. The reward
for the good imports is represented by the release of additional domestic net assets
and is denoted by B (< 0), i.e. the rest of the world is buying domestic net assets.
Therefore, as long as a country has a negative current account balance, foreigners
buy additional net assets on the domestic capital stock. However, with a current
account surplus, the domestic country is accumulating net assets (B > 0).

With intertemporal exchange possibilities, the exchange restriction that has to

hold is given by the balance of payments
Ex—p,Z+rB—B=0, (26)

and the balance of the capital account, B, has to be equal to the balance of the
current account, C'A. The balance of payments represents, on the one hand, the
net flows of goods and, on the other hand, the kind of compensation for the net
good flows. In the case of a country’s net indebtedness, the latter is represented by
additional net debt, i.e. by net capital imports. However, if the country is a net

creditor, it exports goods and accumulates additional net assets.

Equilibrium of the Wealth Market

In the small open economy with capital mobility, the savings-investment relation,
being valid in a closed economy, does not hold any longer. In an economy with
integrated capital markets, savings can be higher or lower than investments and the
difference is characterized by the current account balance. Therefore, the equilibrium

of the goods market in a small open economy is given by:

S=I1+Fx—p,Z+rB. (27)
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This equation substitutes the equilibrium condition for a closed economy. If equation
(26) and (27) are substituted into another, the equilibrium condition for the wealth

market can be rewritten as:
S=1+B. (28)

Note that the change in net wealth is identical to domestic savings A = S where

domestic savings are a constant fraction of income
S =sY. (29)

In the case that the country runs a current account deficit investments are build up
by the abandonment of domestic as well as foreign consumption possibilities.
The domestic budget restriction consists of national income, Y, import cost, p,Z,

search cost, ¢,V, and interest income or payment, rB:
X=Y+p.Z—-rB+¢,V, (30)

where X is the output. In the budget restriction the interest income have to be

subtracted, since it is already included in national income.

3 Steady-State Solution

Analyzing the overall steady-state solution for the economy, the long-run equilibrium
for the labor market and the steady-state for the wealth market are derived sepa-
rately in a first step. They are characterized by two functions: the efficient factor
allocation function and the balanced accumulation function. The first function will
be the = 0—curve describing the stationary labor market and the second function
will be the @ = O0—curve that represents the stationary wealth market. In a second
step, after determining the stationary equilibrium in both markets separately, the

stationary overall steady-state in the small open economy will be derived.

Steady-State of the Labor Market
The steady-state of the labor market is deduced by using the flow condition of
the labor market. This condition requires that the inflows are equal to the outflows

and, therefore, the change in employment is zero:
E=0 & VIZPUP\ " = E. (31)
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Furthermore, due to neglecting on-the-job-search, the flow of newly created vacancies
is identical to the employment flow, i.e. V = E = 0, and because of a constant
labor force, the employment and unemployment levels are constant in the long-run
equilibrium, i.e. E = —U = 0. These conditions imply that steady-state labor
market tightness is also constant, i.e. 0 = 0, and that the steady-state growth rates
of unemployment and vacancies are zero, i.e. V =U = 0.

Using these conditions, the efficient factor allocation function for the stationary

labor market can be derived:'”

0

(= a=—y)A =81 —w)A, (7\amT ==
He xch[rﬂ_x} (@) (pl) =@

It shows all combinations of wealth in efficiency units and labor market tightness
that reflect the long-run equilibrium of the labor market in a small open economy, i.e.
this function is the & = 0—curve. The steady-state of the labor-market is influenced
by several exogenous variables and it will change when the exogenous environment
changes. In the (6°,a) plane it is linear in a with ¥/(a) = 0, Va."®

Furthermore, in the long-run labor market equilibrium the steady-state employ-

ment rate is given by!?

e(0) = % - %, eo > 0. (33)

Therefore, the employment probability depends positively on labor market tight-
ness 6 and on the matching-probability p(f) and negatively on the separation rate
v. The higher the separation rate, the lower the steady-state employment rate.

Furthermore, the steady-state unemployment rate is determined as well as
1= e(0) +u(6),

where the steady-state unemployment rate u(6) is defined as u() := U/L. The
higher the separation rate, the lower the steady-state employment rate and the
higher the steady-state unemployment rate. Thus, the steady-state for the labor
market is described by an efficient factor allocation function that defines all equilib-

rium combinations of labor market tightness and wealth in efficiency units.

17For the derivation of the efficient factor allocation function see appendix, proposition 6.
18See appendix, proposition 7.
19See appendix, proposition 8.
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Steady-State of the Wealth Market
The long-run steady-state of the wealth market is characterized by constant

: : : . A _ K+B
wealth in efficiency units, a == 35 = 557,

1.e.
. K+B . . A
i=—p ~WHESE=

0. (34)

In the steady state, the wealth accumulation process in labor efficiency units is
constant; that is, domestic accumulation wishes (A + E)a are build up by the same
accumulation structure of both assets in efficiency units (k4 b). Hence, the domestic
demand for investments is equal to the constant accumulation structure. The steady-

state of the wealth market can be described by a balanced accumulation function:*"

P(a) := c:)\;u/ {(1 —a—7) (p%) e (g)#“ + (sr — ;\) a} =0 (35)

This function shows all combinations of labor market tightness and wealth in ef-

ficiency units characterizing the steady-state in the wealth market. That is, this
function represents the @ = O—curve. Satisfying sr — A < 0, the balanced accumu-

lation function is linear in @ with @ (a) < 0, Va in the (6°,a) plane.?!

3.1 Overall Steady-State of the Economy

After deriving the equilibrium conditions for the labor market respectively for the
goods market separately, both together determine the overall steady-state, i.e. the
efficient factor allocation function and the balanced accumulation function simul-
taneously define the steady-state values (9’8,5). The steady-state exists and is

unique.??

Proposition 1 If the net wealth condition

(1-—a—y)1-01—-wyr
[v—A+7]

+a+y>1 (36)

is satisfied in the stationary equilibrium, the domestic country will be a net creditor

with positive net wealth in efficiency units, i.e. a > 0.

20For a detailed derivation of the balanced accumulation function see appendix, proposition 9.
21Gee appendix, proposition 10.
22Gee appendix, proposition 11.
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Figure 1: Steady-State of a Net Creditor Economy

Proof. See appendix, proposition 12.

If the net wealth condition holds, the domestic country will be a net creditor
and is accumulating in the long-run steady-state constantly net wealth in efficiency
units with @ > 0 (see Figure 1a). Therefore, the domestic country owns a stationary
net wealth proportion on the whole net wealth of the rest of the world. Violating

this condition, i.e., if

AI-—a—71-F1—-wy

< +a+y<l1 (37)
[V —A+7]

is valid, the rest of the world is a net creditor, the domestic country is net debtor
and net wealth in efficiency units will be negative (a < 0). Therefore, the balanced
accumulation function as well as the overall steady-state equilibrium (5/3,5) will be
in left quadrant in Figure 1a.

Once the steady-state search equilibrium (9’8,5) is determined, the steady-state
values for the matching probability p, the steady-state employment respectively un-
employment rate € respectively @ can be derived. The steady-state employment and
unemployment levels are fixed as well: E = e()L and U = u(f)L. Furthermore,
steady-state labor market tightness determines the equilibrium unemployment du-
ration p and the steady-state fraction of the long-term unemployed ¢ (see Figure
1b,c).
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Behavior of the Trade Account and Current Account in the Steady-State

After deriving the overall steady-state of the economy, the long run equilibrium
positions of the current account and the trade account can also be ascertained.
Looking at the idea of long run well-balanced trade, this model does not support
off-setting steady-state trade, i.e. even in the long run, countries do not have to
have well-balanced trade. This unbalanced long run trade can be characterized
by permanent current account deficits (surplus’) sustained in the steady state. To
derive this, the steady-state current account deficit (surplus) in efficiency units is
defined as ca and is determined by the growth rate of technical progress and the

steady state value of net wealth??

o = Xa. (38)
This equation shows that even in steady-state the current account is not well-
balanced, i.e. ca # 0.2 Depending on the net creditors’ or net debtors’ position, a
permanent current account surplus or deficit is sustained in the steady-state. For
example satisfying (37), the country is a net debtor with a constant current account
deficit in the long run, i.e. ca = M < 0. In absolute terms, however, the steady state
current account deficit increases. Furthermore, as steady-state accumulation wishes
of the domestic country increase, i.e. Xa rises, the steady-state current account
deficit in efficiency units will increase as well.
Interesting is also the question, whether, for example, net capital exports to
accumulate wealth are financed by a trade account deficit or surplus or by inter-

national interest income.?’

The steady-state trade balance in efficiency units, 1577,
is defined as the steady-state current account balance in efficiency units, ca, minus

international interest income in efficiency units, ra, i.e.
th=éa—rd= ()\—r)Zi.

As long as the trade balance is counterbalanced (ﬁ) = 0), net wealth accumulation
is exclusively financed by steady-state interest income. Furthermore, as the current
account shows a surplus, the steady-state trade account does not necessarily have

to be positive, since it can be well-balanced by interest income, i.e. th = ca —
>0

23See appendix, proposition 13.
ZFor a constant current account deficit see also GRIES (1995).
25 See equation (26).
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Figure 2: Transitional Dynamics for Net Wealth in Efficiency Units

r_a = 0. However, for a net creditor country, a trade deficit can exists as long as
~ <

>0
the domestic growth rate of technical progress is less than the world interest rate.

Putting it differently: If the net creditors’ accumulation wishes are smaller than
international interest income, the steady-state trade account has a long run deficit
and imports are higher than exports. Therefore, in the steady-state, the domestic
country receives international interest income to finance its net good imports. Hence,
with the introduction of capital mobility, a net creditor country can use permanently
resources from abroad and obtains simultaneously continuous international interest

income (and vice versa for a net debtor position).

3.2 Stability of the Steady-State

Global Stability
The transitional behavior of net wealth in efficiency units is characterized by the

dynamic wealth accumulation function?®
a = f(a,b) (39)
"= (i)ﬁy—l B coo (B + 1/)0/3} N (ST B 5\) "

<o ()T TS

and the global properties can be analyzed using the following expressions

. 5 Mo Y\ Ty :
a<0 <0 >m{(1—a—7)(p—z> (a) —|—(sr—/\)a}

and vice versa. If a realized value for the labor market tightness for given net wealth

in efficiency units is higher than the steady-state value for labor market tightness, the

26See appendix, proposition 15.
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Figure 3: Transitional Dynamics of Labor Market Tightness

firm is offering too many vacancies for a given level of unemployment. The supply of
vacancies has to be reduced to be consistent with the long-run growth equilibrium.
Cutting back vacancies implies that capital accumulation and, therefore, the net
wealth position is shrinking. Hence, above the @ = 0—curve, too many vacancies are
supplied and capital accumulation as well as net wealth accumulation in efficiency
units has to be reduced to reach the long-run steady-state (see Figure 2). That is,
if a value of labor market tightness is realized which is higher than the equilibrium
value of labor market tightness, net wealth in efficiency units should decrease to
reach the steady-state, i.e. a < 0.

Furthermore, the transitional dynamics of the labor market tightness are given

by the dynamic factor allocation function®”

0 = hla.0) (40)
P a0 (1)
- g Zvomeﬁl (pl) )

Analyzing the global dynamic properties of the dynamic factor allocation function,
labor market tightness for given net wealth in efficiency units increases, if values of

the labor market tightness are realized being above the 0 = 0-curve:

(I-a—7)1-w)(d-PB)A e T
- anO;/ [r +v— 5\} 0 <Z%> (1) ’

(67

which implies # > 0 and vice versa (see Figure 3). If a value for the labor market
tightness is realized being higher than the equilibrium value for given 3 and given
net wealth in efficiency units, labor market tightness will increase and will never

reach the stable long-run equilibrium. Only if values for labor market tightness are

2TSee appendix, proposition 14.
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Figure 4: Stability of the open Growth-Matching-Model

realized that are on the factor allocation function, labor market tightness will not
drift away and approaches the steady-state. That is, labor market tightness is not
a predetermined variable; instead it is the jump variable of the model.

Putting the global properties of labor market tightness and net wealth in effi-

ciency units together, the global dynamics in Figure 4 are implied.

Local Stability
After characterizing global stability, the local properties can be examined by

linearizing the dynamic system in the area of the steady state, i.e.

REERE

=H
with
hy = 0
I r+v—ﬂ_(1—5)2(1—a—v)(1—w)A0(1)d——v(g)ﬁ_l
’ g Cvoj\ﬁqw) Pz o
= 7

fo = sr—A—F <0

cv05\s (E + 1/) ﬁ&ﬁ’l
Jo = — <0,
Ao

where 0 and @ represent the steady-state values of the model.

Proposition 2 Suppose

N J.

hy — r+v—A\ (1—5)2(1—(1—7)(1—(4})/\0(7)1cxw (r)#“

B cvoj\ﬁq(ﬁ)

Pz

«
< 0,

21



the unique steady-state is a saddle point.

Proof. See appendix, proposition 16.%° m

The saddle point equilibrium is characterized by the saddle path leading in the
locally stable steady state. In Figure 4 the saddle path is represented by the efficient
factor allocation function, ¥(a). If an economy is on this function, labor market
tightness is constant and labor market structures are not changing anymore. The
steady state can only be reached by being on the stable saddle path and the economy
has to jump on it. If the economy is on the stable saddle path, the structures of the
labor market are constant, however, the domestic wealth situation as a net creditor
respectively net debtor can change further. Due to additional capital imports, the
domestic country can move from a net creditor to a net debtor. The changes in the
accumulation process of domestic net debt titles induces also changes in the current
account. As long as the asset structures of net debt titles are changing, i.e. as
long as the economy has not reached the long-run steady-state growth equilibrium,
the economy will experience current account changes. With increasing net asset
accumulation of the rest of the world, the domestic country has to carry higher
interest payments and, therefore, it is confronted with a higher current account
deficit.

4 Economics of the Steady-State

After deriving the long-run steady-state as well as the stability of the model, eco-
nomic implications especially the effects of rising technical progress on the labor
market are analyzed in this section. In the first situation of fulfilling a parametric
growth condition which requires that the growth rate of technical progress is larger
than the average of interest rate and separation rate, the implications of rising pro-
ductivity growth on the equilibrium levels of employment, unemployment and the
duration of unemployment as well as on the steady-state fraction of long-term un-
employment are analyzed. After that, in the second case, the effects of a rise of
technical progress on these variables will be described when violating the growth

condition.

28See also LEONARD/ VAN LONG (1992, p. 100-1) and P1sSARDIES (1990, p. 45).
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4.1 The Parametric Growth Condition

For analyzing the effect of an increase in the growth rate of technical progress A
on steady-state employment, unemployment, the equilibrium duration of unemploy-
ment and the steady-state fraction of long-term unemployment, its influence on the
efficient factor allocation function, on the balanced accumulation function as well as

on the overall steady-state will be derived.

Proposition 3 If the growth rate is larger than the average of world interest rate

2 s valid, increasing

and separation rate, that is, if the growth condition A >
technical progress induces a positive capitalization effect such that steady state em-
ployment increases. However, because of negative acting stigmatization and human
capital depreciation effects, a trade-off between technical progress and the steady-
state duration of unemployment as well as the steady-state fraction of long-term
unemployment arises. Therefore, it is not clear whether equilibrium long-term un-

employment will raise or shrink.

This can be shown by analyzing the implication of an increase in the growth rate

of technical progress for the efficient factor allocation function and the balanced

accumulation function. As long as the growth condition A > TJFTV holds, an increase
in the rate of technical progress causes an increase in labor market tightness. That is,

the labor market becomes less tight and for given net wealth labor market tightness

Increases
S p— _a
0¥(a) (o= =0-w(F) 7 ()7 v—2h+7]
~ = — vV — T
2 cvo;\2 |:I/ — At Ti| i %z—’o
<

> 0.

The factor allocation function shifts upwards. Furthermore, analyzing the effect of
increasing productivity growth on the balanced accumulation function, a negative

relationship is derived:

b

o l-a—y P

0 (Aa) = — >\0A2 (1—a—7) (l) (i) T sra
O\ cvol/)\ z «@

<0

The increase in the growth rate of technical progress affects the balanced accumula-

tion negatively and for given net wealth the labor market becomes tighter, i.e. labor
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market tightness decreases. This is reflected by the downward shift of the balanced
accumulation function.

To examine the total effect of rising technical progress on the equilibrium po-
sitions of the economy, the above implications—both derived separately—have to be
analyzed together. Overall, rising productivity growth will induce a higher level
of offered vacancies for given unemployment, and jobless workers will face a higher
matching rate. Therefore, steady-state unemployment will decrease which leads
for given vacancies to an increase in steady-state labor market tightness defined as
the ratio of vacancies to unemployment. However, the effects on the steady-state
duration of unemployment as well as the steady-state fraction of long-term unem-
ployment are ambiguous.

These overall effects can be shown clearly by regarding three different effects.
First, the increase in steady-state labor market tightness can be explained by the
so-called capitalization effect to indicate that higher technical progress is favorable
for employment, due to the net creation of jobs. According to AGHION, HOWITT
(1994) technical progress is not equally distributed among jobs and firms, implying
that technical progress generates and destroys jobs simultaneously. They require
that, at low growth rates, increasing technical progress causes via the net destruction
of jobs a creative destruction effect that leads to increasing unemployment; while,
at high growth rates, increasing technical progress generates a capitalization effect
that dominates the negative creative destruction effect to result in rising employment
through the net creation of jobs.

In this model independent of the level of the growth rate, the capitalization
effect occurs as well, but it depends — opposite to AGHION, HOWITT (1994) — on
the above growth condition. In the steady-state, boosting technical progress leads
to the net creation of new jobs to induce a higher equilibrium level of vacancies
and, therefore, a higher level of labor market tightness (see Figure 5a). That is, for
given vacancies the increase in steady-state labor market tightness is equivalent to
reduced steady-state unemployment and equilibrium employment will raise.

Furthermore, regarding the net creditor or net debtor position of the country,
higher productivity growth implies in the case of fulfilling the growth condition a
lower steady-state net wealth position due to the negative shape of the balanced
accumulation function (from ay to a,, see Figure 5a).

To analyze the implications of increasing technical progress on the steady-state

duration of unemployment and on the steady-state fraction of long-term unemploy-

24



ment, negative acting secondary effects — the stigmatization effect and the human
capital depreciation effect — are induced. The increase in the steady-state unemploy-
ment duration resulting from an increase in the productivity rate can be explained
by the so-called stigmatization effect. Because the unemployment pool consists of
short-term and long-term unemployed and because long-term unemployed are stig-
matized by long jobless durations that indicate their long time being out of work
and less working experience, they are not seen as potential candidates for unfilled
jobs and are not demanded by firms.? Firms want to hire only short-term jobless
workers with short unemployment durations. Therefore, as productivity growth goes
up, the duration of unemployment increases for all duration levels implying a higher
steady-state unemployment duration (see Figure 5b).

Third, the human capital depreciation effect will be explained. In growing
economies human capital depreciation is a decisive factor for the existence and the
increase of long-term unemployment and can be described as follows. The higher the
growth rate of technological progress, the more qualification-intensive and specific
the job-requirements of firms are.?’ If the qualification level of the long-term unem-
ployed does not grow with the same rate as technical progress, their human capital
depreciates as technical progress increases and it depreciates faster, the longer the
unemployment duration takes. The long-term unemployed cannot handle the latest
technologies, are not attractive for firms and are not demanded. Therefore, an in-
crease in technical progress leads to higher levels of long-term unemployment for all
unemployment durations and, hence, to a higher steady-state long-term unemploy-
ment fraction (see Figure 5c¢).

To summarize these three different effects, an increase in technical progress in-
duces a capitalization effect such that labor market tightness goes up (from 55 to gf,
see Figure 5a). The positive capitalization effect leads to an increase in steady-state
employment respectively to a decrease in steady-state unemployment (i.e. for given
vacancies to an increase in labor market tightness from 50 to 51, see Figure 5b) and
to reductions in the unemployment duration (from p, to p;) as well as in the frac-
tion of long-term unemployed (from 50 to 51) Despite this positive capitalization

effect that induces a reduction in unemployment, long-term unemployment as well

29Gee also LAYARD (1986, p. 53), who argues “...that long-term unemployment is a complete

waste.”
30For mismatch due to qualificational reasons, see also JUHN, MURPHY, TOPEL (1991) and

BLANCHARD, KATZ (1997).
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Figure 5: Steady-State Implications for a Net Creditor by Increasing Technical
Progress and Fulfilling the Growth Condition.

as in the duration of unemployment, two negative acting effects — the stigmatiza-
tion and the human capital depreciation effect — are generated additionally. The
stigmatization effect implies a higher unemployment duration (from p, to p,, see
Figure 5b) and this induces an increase in the fraction of long-term unemployed
(from 51 to 52, see Figure 5¢). Furthermore, as technical progress increases, the
fraction of long-term unemployed rises additionally (from ¢, to %3) because of the
human capital depreciation effect. Therefore, it is not clear how the duration of
unemployment and the fraction of long-term unemployment are affected by the in-
crease in productivity growth; ambiguous effects for the duration of unemployment
and the fraction of long-term unemployment can result. If the capitalization effect
outweighs the stigmatization and human capital depreciation effect, the duration
of unemployment as well as the fraction of long-term unemployment will decrease.
However, if both latter effects outweigh the positive capitalization effect, the du-
ration of unemployment and the fraction of long-term unemployment will increase,

although steady-state unemployment decreases.
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4.2 Violating the Growth Condition

Proposition 4 If, on the other hand, the average of the interest rate and sepa-
ration rate are larger than the growth rate, i.e. if the condition A< =2 holds,
an increase in the rate of technical progress induces a negative creative destruction
effect such that steady-state unemployment will increase which is reinforced by the
stigmatization effect as well as the qualification-mismatch effect. Therefore, equilib-
rium unemployment and the steady-state fraction of long-term unemployment will

unambiguously raise.

The increase in technical progress can be shown by analyzing, first, its effect
on the factor allocation function and on the balanced accumulation function and,
second, its overall effect on the steady-state positions. If the growth condition
does not hold any longer, i.e. the growth rate is smaller than the average of fixed
interest rate and separation rate, the labor market becomes tighter and labor market
tightness decreases

0

i _ e mon @)
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< 0.

With rising technical progress, labor market tightness decreases such that firms are
offering less vacancies and, as a result, the steady-state level of vacancies will shrink
for a given level of unemployment. The factor allocation function shifts downward.
For an average unemployed worker it becomes more difficult to leave unemployment.
The effect on the balanced accumulation function, however, does not change and the
negative relationship between increasing technical progress and steady-state labor

market tightness is still valid
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i.e., labor market tightness will decrease for all levels of net wealth with rising
technical progress.

To examine raising technical progress when violating the growth condition, the
overall effects on the equilibrium positions have to be analyzed. When violating the

growth condition, the same stigmatization and human capital depreciation effects
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Figure 6: Steady-State Implications for a Net Debtor by Increasing Technical
Progress and Violating the Growth Condition.

are implied as before. However, the positive capitalization effect leading to raising
employment is reversed into a negative Schumpeterian creative destruction effect.
As in AGHION/HOWITT (1994), the creative destruction effect indicates that more
jobs are destroyed than new jobs are created when technological progress rises.
This causes the net destruction of jobs and, in equilibrium, unemployment increases
which implies a reduction in labor market tightness defined as the ratio of vacancies
to unemployment. Therefore, higher productivity growth implies the net destruction
of jobs as well as higher steady-state unemployment such that labor market tightness
reduces (from 55 to 5[13, see Figure 6a).

Regarding the net creditor or net debtor position of the country, higher pro-
ductivity growth could imply a higher steady-state net wealth position, but also a
lower steady-state net wealth position. Hence, net wealth can rise or shrink with
increasing technical progress.

Analyzing the implications for the steady-state duration of unemployment and
for the steady-state fraction of long-term unemployment, the stigmatization as well
as the human capital depreciation effects are induced. Due to the negative creative
destruction effect, unemployment increases, i.e. for given vacancies labor market
tightness decreases (from 9o to 51, see Figure 6b), which implies that it becomes
more difficult for an average unemployed to leave unemployment and steady-state

duration of unemployment rises (from p, to p;). The long-term unemployed are
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stigmatized by long jobless durations and, as technical progress increase, they are
even less able to use the latest technologies. Therefore, due to the stigmatization
effect, the duration increases additionally (from p, to p,) leading to a higher fraction
of long-term unemployment (from &1 to 52, see Figure 6¢). Furthermore, since
the long-term unemployed are not additionally trained and qualified as technical
progress rises, their human capital depreciates even more. They are not demanded
by the firms at all and, because of the human capital depreciation effect, the steady-
state fraction of long-term unemployment will increase further (from 52 to $3)

To summarize, if the growth condition is violated, increasing technical progress
causes rising unemployment and a net destruction of jobs such that the creative
destruction effect is reinforced by the stigmatization and the human capital depre-
ciation effect inducing higher steady-state unemployment duration as well as higher

equilibrium long-term unemployment.

5 Conclusion

The relationship between long-term unemployment and the growth rate attributable
to technical progress is evaluated in an open Solow growth model extended by the
long run labor market matching approach and by the capital and current account.
Capital mobility is represented by trading international property titles. The labor
market of the three factor growth model is characterized by immobile heterogeneous
jobless workers to distinguish between short-term and long-term unemployed.
Depending on a parametric growth condition, an increase in technical progress
implies, on the one hand, a favorable capitalization effect inducing the net creation
of jobs and shrinking average unemployment and, on the other hand, an unfavorable
creative destruction effect causing the net destruction of existing jobs and increasing
average unemployment. Beside these primary implications which act directly, but in
opposite directions on aggregate employment respectively unemployment, secondary
effects in form of a stigmatization and human capital depreciation effects are gen-
erated. Both influence the duration of average unemployment and the fraction of
long-term unemployment negative. Higher productivity growth can lead to reduced
average unemployment, but, due to the stigmatization and human capital depre-
ciation effects, also to a higher average unemployment duration and an increasing
fraction of long-term unemployed workers, depending on whether the capitalization

effect outweighs the stigmatization and human capital depreciation effects or vice
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versa.

However, if the growth condition is violated, the negative Schumpeterian creative
destruction effect induces higher average unemployment as well as a tighter labor
market and reinforces the increase in the duration of unemployment and in the
fraction of long-term unemployment generated by the stigmatization and human
capital depreciation effect. Additionally, it is shown that even in the steady-state a
constant current account surplus (deficit) for a net creditor (debtor) can be sustained

that rises even more as productivity growth increases.

6 Appendix

Lemma 5 Using the matching function (2), the Hamiltonian conditions (13), (14),

Co = Coo™ and \ = )\oej‘t, the optimal condition for labor (21) is implied.

At

Proof. Differentiate (2) w.r.t. V and (13) w.r.t. time, use ¢, := c¢,e™ and

A = Moe, then

e e, (r—ﬂ) + 1-5 [ﬂl—i—,ulﬁ (U—V)} 07" =0

)
= (e 2) s (0 0)

Substitute (14) for —j,, then
A

1-p

and substitute (13) for u,, then

e e, (r — 5\) 0° + . 3 (U — V) =e " [Fg(k) — w] — uv

~ ~

A 0° [ﬁ(U—V)-l—l/} :FE(k:)—w—cvli\ﬁQﬂ<r—5\)

Cvl—ﬁ

~

& FE(kz):w-l—cvﬁ [7‘—5\4-6(0—‘7)4‘1/} 6°.

Therefore, the optimal condition for labor (21) is implied.

Proposition 6 Using labor restriction (1), wage hypothesis (7), production func-
tions (8) and (9), optimal conditions for capital (20), for labor (21) as well as for
imports (22) and the flow condition for employment (31), the efficient factor allo-
cation function (32) follows.
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Proof. Differentiate (8) w.r.t. Z and use € := 1 — a — =, then

Fy(k) = vz k> (8)
Substitute this into (22), then
v2 Tk = p, (22)
and (9) in (22'), then
~
—T = Z. 227
. (227)

YN e :
=) e )
Differentiate (8) w.r.t. K and E and use (8'), then
e
F(k) = ok (l) T (8")
Yz N
Feh) = (1—a-9a(2) 7k ")

Substitute (7) in (21), then

_Xcv [T—;\\+V+ﬂ((7—‘7):| 0"

Fg(k) = =91 —w) (21)
Equate (21’) with (8”’) and use ¢, = Coo™, A = Aoe™, then
Ay [T—X-FV-Fﬂ(ﬁ—V)} 0’ L (l)ﬁkﬁ
1-501-w) R
T e LC ML (l) e (217)
ACyo [r—)\+y+ﬁ(U—V)} P

Substitute (8”) in (20), then

e k=TT (20)



Differentiate (1) w.r.t. time, then £ = —U, use § := V/U, then § = V /U - VU U?;
use (1) and (31), then £ = 0 = —U, 0 =0 and V = 0 are implied and, therefore,
U =V = 0. Substitute this and (20’) in (21”), rearrange it, then

J.

g L—a—7)(1-F)1—-w) (g)T (1> T b

/)\\CUO |:l/ — /)\\ + Ti| «Q Dz

follows. m

Proposition 7 Suppose v — X > 0, then U(a) > 0 and U(a) is a linear function
with ¥'(a) = 0.

Proof. If v — \ > 0, then

0

(= a=—y)A =81 —w)A, (s e
= Acv:[ 3] (@) (pl) >0 e

Furthermore, ¥'(a) = 0. m

Proposition 8 Using labor restriction (1), matching function (2), matching proba-

bility (3) and the flow condition for employment (31), the steady-state employment

rate e(f) = uigf()m is implied.
Proof. Using (2), (31) can be written as
E=0& M=vE

and using (1) as well as (3), then

M
UU=VE
M— M
—L—-—FE=vE
= U U 14

= pOT = +p®)E.

Therefore, e(f) := % =-L (9) follows. m

Proposition 9 Using matching function (2), production function (9°), the change
in employment (11), capital in efficiency units (20°), the optimal condition for im-
ports (227), net wealth definition (23), the wealth market equilibrium (28), the saving
hypothesis (29), budget constraint (30) and the steady-state condition for the wealth

market (34), the balanced accumulation function (35) is implied.
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Proof. Rewrite (30) as

Y=X-p.Z—¢,V+rB
& sY=s[X—-p.Z—cV+rB].

Use (28) and (29) in efficiency units and substitute it in the above equation, we get
k+b=s[r—p.z—cov+rb]. (30”)

Define vacancies in efficiency units as v := V/AFE and use (2) and (11), then

v = Maﬁ. (41)

Substitute this as well as (97), (22”) in (30’) to get

k+b=s [(1 —7) <l) = (1) T cij\(EA )8 + Tb] (30”)

Dz « >\0

Now, substitute (30”) in the steady-state condition (34) and get
o = k+b—(A+E)a=0

T rryarem coM(E 4 v)0P .
(1_7)(%> (1)+ T CoAE V) +rb]—(/\+E)a=O.

Ao

Use for b equation (23) in efficiency units, for k equation (20’) and k = 03!, then

7 A A
l—a—y %’771 v E 9/8

— +(sr—;\—E)a=0
Dz « >\O

(307)

follows. Now use @ = 0 and E = 0, the balanced wealth accumulation function

o= 2 (1) T () f v

is implied. m

Proposition 10 Let Sr—\ < 0, the balanced asset accumulation function is a linear
function with ®(0) > 0, ¢(c0) =00, P'(a) <0 and P"(a) =0.

31 = 0 is valid, since the capital stock in efficiency units is for a given world interest rate

constant.
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Proof. ®(0) :=

sr—\ < 0, then

CyOASV

~

(st —A) <0

d'(a) = /\9
and ®"(a) =0. =

Proposition 11 A steady state exists and is unique with

_ { R = AR AL
<0 L0 ALl o4y —1<0
o v
Proof. Define (l_aill([l;?frr)% (z)7T (plz) e o %Aoﬁ

e 1—

(l) T~y (2) 1= M, Z(1 —a —~) := G and use

Pz

VU(a) = T
®a) = D {MG + (s — X)a} ,
then
T=D [MGJF(sr—X)a} ,
respectively

l—a—y)(1-0)(1- )V-l—a—l—’y—l
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> 0.

Analyzing the last term yields
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therefore,

(1la—) (1B (1w _
~ |1 =20 ] +a+y7—-1>0
@ for (1—a=y)(1=f)A=w)v '
<0 [VV_MT] +a+y—-1<0

1—a—7)(1=8) (1-w)v

Proposition 12 The domestic country is net creditor, i.e. a > 0, if ( Ae]

fa++—1>0.

Proof. See above. ®m

Proposition 13 If the domestic country is a net debtor (creditor), its current ac-

count shows a constant deficit (surplus) in the overall steady state, i.e. éa = Xa < 0.

Proof. Define the current account (25) and the balance of payments (26) in

efficiency units, i.e.

ca = er—p,z—ra
0 = ex—pzz—m—i)
and, therefore,
ca = b. (26)

Substituting (26’) in the steady-state condition for the wealth market (34) and k = 0,

~

ca = \a
is implied. Therefore, if @ < 0, then ca < 0 (and vice versa). =
Proposition 14 The dynamic factor allocation function is given by 6 = %{7‘ +v

Cv0 0P Pz [e%

Proof. Substitute (20’) in (217), then

.

C(l—a—NA =B —w, (ryam (1T
Hﬂ_/)\\cvo[r—i—y—/)\\_Fg((]’_f/)}( ) <pz) .

«

Use U—V = —9, i.e. differentiate 6 := V /U with respect to time, then the dynamic

factor allocation function

! _A_“—@—wﬂ—wXLwﬁ%<l)ﬁ%;izﬁj
Q—B{T—l—u A S . (a) }

is implied. m
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Proposition 15 The dynamic asset accumulation function can be written as

a = s

(1 e 7) hd T—a—y (1)%7_1 B CUOS\(EA' + I/)Qﬂ
« /\0

Pz

+(sr—5\—E)a.

Proof. See derivation of equation (30”’). m

" riv—3 _ (1=B*(1—a—y)(1—w)o (1 \T7o7 (r\aT5=T
Proposition 16 Suppose hy = 5 cooMa(6) (pz) (E) >0,

|H| is negative, i.e. the unique steady-state is a saddle point.

Proof. Using hy = tt£=4 — (U=BP0zemliowido (1) 7977 (2) 55T > 0, the
: & o E co\3g(6) - . ’

signs of the coefficient matrix of H can be characterized by

0 +
+ +

H—

and, therefore,

~

. ~A
\H| = 0—[A+E+sr}{r++

(1—5)2(1—04— )1 —w)Xo T T\ aty=T
) T <pl ) () }

< 0

is implied. That is one characteristic root is positive and the other is negative,

implying that the unique steady-state is a saddle point. m

Development of Long-Term Unemployment in Industrialized Countries

Figure 7 shows the increase in long-term unemployment for selected groups of
countries. Figure 7a shows a group of countries characterized by high shares of long-
term unemployment. In 1975 Belgium displays 36 per cent long-term unemployment
of total unemployment; this share increases until 1999 up to over 60 per cent. Italy
and Ireland have nearly 67 respectively 57 per cent long-term unemployment in the
end of the 90s. In this group the average growth rate of long-term unemployment
is at about 2 per cent.
The countries shown in Figure 7b are characterized by medium levels and higher
average growth rates of long-term unemployment. The share of long-term unem-

ployment increases in Germany from 10 per cent in 1975 up to 50 per cent in 1999.
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Figure 7: Development of Long-Term Unemployment on Total Unemployment for

Groups of Countries

France and the U.K. show nearly the same structure: their proportions rise from 17
per cent in 1975 up to 40 per cent at the end of the last decade.

A third country group with relatively low levels but relatively high growth rates of
long-term unemployment can be identified in Figure 7c. Canada starts with 1 per
cent long-term unemployment and this increases up to nearly 11 per cent in 1999;
Sweden starts with 6 per cent and ends up with 33 per cent. In the US the propor-
tion of long-term unemployed workers is over the whole period almost constant at
about 6 per cent and the average growth rate is constant as well. However, Sweden

and Canada display annual average growth rates of 7 respectively 9 per cent.
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