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1. INTRODUCTION

There is an increasing awareness among economists that the greater time that Americans devote to
market work relative to Europeans is probably the most significant measure of the different performance of
the labor market on the two sides of the Atlantic. Indeed, in 2004 the annual hours per person devoted to
market work were approximately one third higher in the United States than in the two major countries of the
Euro area (see Table 1). Moreover, this large differential has emerged in last thirty five years: still in the
early 1970s, the level of market work per person was about the same or even lower in the US than it was in
countries like France or West Germany. As a matter of fact, the hours of market work per person diverged in
the 70s and in the 80s as a result of a pronounced downward drift in Western Europe and of an increase in
the US; and this diverging trend has not been reversed in the last fifteen years, although the pace of the
downward drift in hours of market work has slowed in Europe and the level of market work per person has
been relatively stable in the US (see Figure 1). It is also worth to note that the large difference in market
work does not imply that total work time is much higher in the US than in Western Europe since this
difference appears to be partially compensated by the larger amount of time that Europeans spend working at
home (see Figure 2): the available evidence shows that Europeans tend to self-produce part of those services
that Americans buy on the market (Davis and Henrekson, 2004; Olovsson, 2004; Freeman and Schettkat,
2005; Rogerson, 2005; Burda et al., 2006). In this regard, it is significant the reduction in time devoted to
home production that has occurred in the United States: time use surveys document that the small increase in
hours of market work that has characterized the United States over the last three decades has been paralleled
by an increase in leisure time.'

Recent attempts to explain the diverging trend in labor supply have focused on the bigger role played
in Europe by labor market regulation and unionization (see Alesina et al., 2005), and on the higher tax rate
on labor income in Europe relative to the US (see Prescott, 2004). However, both these explanations are not
fully satisfactory. Scope of this paper is to supplement them by showing that they can better fit the stylized

facts if one hypothesizes that individual preferences concerning the trade off between the time devoted to

! By using time use surveys, Aguiar and Hurst (2006) document that hours per week spent in non-market work fell by
11% in the US over the period 1975-2003, thus counterbalancing the 2.7% increase in hours of market work over the

same period and leading to a reduction in hours per week of total (market and non-market) work.



leisure and consumption are not constant but evolve in response to the society’s experiences in matter of
working time. In other words, 1 assume that the evolution of preferences regarding the use of time is the
result of a social process whereby the emergence and diffusion of certain behavior tends to reinforce
individual attitudes and habits that are conducive to that behavior.

The paper is organized as follows: section 2 discusses the literature that motivates the paper, section
3 presents the basic model; section 4 characterizes the equilibrium trajectories of two economies when in one
of them labor supply is temporarily subject to institutional constraints; section 5 studies the two economies

when in one of them labor is taxed more heavily; section 6 concludes.

TABLE 1. Countries differences in levels and trends of market work per 15-64 vear olds

(annual hours worked per person of working age 2)

1970 1973 1983 1990 2004 % change from 1970 (1990)

France 1267 1217 1011 979 905 -28.6 (-7.6)
Germany b 1309 1284 1052 1004 934 -28.6 (-7.0)
United States 1239 1251 1225 1344 1299 4.8 (-3.3)

4 Employment/working age population ratio X average annual hours worked per person in employment.

b German figures on hours worked are for West Germany.
Source: OECD Employment Outlook Database.

FIGURE 1. Countries differences in levels and trends of market work per 15-64 year olds

(annual hours worked per person of working age 2)
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4 Employment/working age population ratio X average annual hours worked per person in employment. German
figures on hours worked are for West Germany.
Source: OECD Employment Outlook Database.



FIGURE 2. Differences in time use between Germany and United States (early 2000s 2)
(average minutes per day for person aged 20-74)
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a For Germany: 2001-02; for United States: 2003.
Source: Burda et al. (2006).
2. MOTIVATIONS

According to Alesina et al. (2005), labor market regulation and unionization which imposed lower
working hours with equal or increasing pay in Continental Europe are the dominant factors in explaining
why market hours worked per adult are nowadays much less in Europe than in the US, although in the early
1970s were about the same on the two sides of the Atlantic. Alesina et al. (2005) also emphasize that the
importance of labor market regulation and unionization in Europe has changed over time: it sharply
increased in the late 1960s, reaching its peak in most European countries in late 1970s/early 1980s, namely
precisely in those years in which a difference in working hours between the US and Europe emerged.
However, this differential has kept growing also in the following decades when unions density went down
(see Table 2) and labor regulations were softened in most European countries.” This is puzzling since one
may expect that--if the factors stressed by Alesina et al. (2005) were so important to explain the emergence
of a growing difference in hours of market work between US and Europe—their (partial) removal should
have stopped and even reversed this diverging trend. The model presented here shows that this is actually the
case when one does not account for the tendency of the preferences concerning the trade off between leisure

and consumption to evolve in response to the people’s experiences in matter of time allocation: if

2 Assessing the impact of labor market institutions on the performance of the European labor market in the last 35 years,
Blanchard and Wolfers (2000, p.16) reach the following conclusion: “There was an increase in employment-unfriendly

institutions in the late 1960s and early 1970s. Since then, there appears to have been a small but steady decline.”



preferences are time invariant, the model predicts that a regime shift removing the restrictions that have
constrained labor supply for a prolonged period of time allows the economy thus deregulated to converge to
the same worked hours of the economy that never was subject to such restrictions. In contrast, by accounting
for the evolution of preferences, the model predicts that the removal of the restrictions that have constrained
labor supply for a prolonged period of time may not be sufficient to allow the economy thus deregulated to
converge to the same worked hours of the economy that never was subject to such restrictions. This captures
the idea that policies or events affecting market work time for a limited period of time may have permanent
effects on labor supply and economic growth, since the subjective value that individuals attribute to leisure
relative to consumption reflects collective habits and social attitudes which are shaped by society’s past
experiences in matter of time allocation. The fact that labor supply is influenced by the subjective value that
individuals attribute to leisure relative to consumption, together with the fact that individual preferences
attaching a relatively high (low) weight to non-working time tend to emerge in societies that have
experienced in the past low (high) levels of worked hours, creates the potential for the existence of multiple
balanced growth paths and for path dependency. Hence, structurally similar economies in which the
allocation of time was subject for a certain period to different institutional constraints may converge to
different balanced growth paths, thus making permanent those differentials in market time and growth rate
that emerged when their institutions diverged. In other words, sufficiently prolonged differences in
institutions and policies may determine differences in behavioral habits that have permanent effects on
economic outcomes.

According to Prescott (2004), differences in the marginal tax rate on labor income can explain
almost entirely the difference in hours of market work between French, Germans and Italians on one side and
Americans on the other side. However, as critics point out (see Alesina et al., 2005), the increase in tax rates
was concentrated in Continental Europe almost exclusively in the 1970s and in the 1980s (see Table 3),
while the decline in worked time continued also during the 1990s (see Table 1 and Figure 1). Furthermore,
an explanation of the large differential in market work between US and Europe entirely based on labor taxes
cannot be reconciled with the small tax effects on labor inputs found by cross-country studies (see Nickell,
2003). This general conclusion is reinforced by microeconometric studies which show that the role of the

difference in tax rates in generating such a differential cannot be inferred from the individual labor supply



elasticities alone (see Davis and Henrekson, 2004; Alesina et al., 2005). Indeed, one should also consider that
countries with higher tax rates tend to have more generous tax-funded public programs and government
transfers that weaken labor supply incentives.’ Even accounting for these indirect effects of heavier taxation,
the difference in tax rates can hardly explain the entire differential in market time between the EU and the
US without some other mechanism that amplifies its effects.

In the search of a mechanism amplifying the effects of some policy or institutional difference on the
cross-country differential in market work, Alesina et al. (2005) invoke the possible existence of a social
multiplier, namely that there may be positive complementarities across people in the enjoyment of leisure
time.* Although these positive spillovers may help explaining why a cross-country difference in tax rates can
cause a large gap in market work even when the individual labor supply elasticities are low, they do not
contribute to explain why a diverging trend in worked hours continued even once that a difference in tax
rates had stopped growing. An explanation of the large differential in market work between United States
and Europe which relies mainly on the possibility that in every period multiple equilibria exist because of the
presence of interdependent preferences and/or externalities generated by individual choices can hardly
account for the persistency of this differential: why year after year Europeans coordinate on a low-market
work equilibrium while Americans coordinate on a high-market work equilibrium? In other words, this
simple multiple equilibria story can fit the stylized facts only if one assumes the occurrence of a very
unlikely event, that is the repeated emergence--period after period and for a prolonged lapse of time--of a
low-market work equilibrium in Europe and of a high-market work equilibrium in the US. In contrast, the

model presented here can explain this persistency by introducing the process whereby individual preferences

* However, the structure of public expenditures matters: market work tends to increase when a larger share of public
expenditures is devoted to the provision of goods that are close substitutes for home produced goods like day care or
elder care. According to Ragan (2005), this may explain why the tax wedge alone may misstate the marginal incentives
to work faced by Scandinavians and why the level of labor supply is very low in European countries where the tax
wedges are smaller than in Scandinavia.

* According to Glaeser et al. (2002), a social multiplier is at work whenever aggregate relationships overstate individual

elasticities because of the presence of positive social interactions, or strategic complementarities.



in matter of time allocation may evolve in time in response to changes in social norms and habits, which in
their turn reflect past experiences in people’s use of time.

Also Blanchard (2004) maintains that the evolution of tax rates may explain only a minor portion of
the diverging trend in market work between the EU and the US, with a large role left for preferences.
However, Blanchard claims that people in the EU and the US have different preferences, whereas 1 argue
that preferences were initially similar, but have become different as a result of different institutions and
policies. Indeed, by recognizing that the preferences concerning the allocation of time evolve in response to
past experiences in matter of working time, I introduce a sort of dynamic multiplier that amplifies and
propagates the effects of changes in taxes, thus explaining both the amplitude of the differential in market
time and the continuation of the diverging trend in worked hours that followed a permanent increase in the
cross-country difference in tax rates.

Evidence on individual preferences concerning time use can be obtained from attitude surveys.
These surveys permit to track the evolution of workers’ attitudes within a country and to compare attitudes
across countries (see OECD, 1998). Surveys commissioned by the European Commission show that the
direction of change between 1985 and 1994 in the European countries is towards an increase in the fraction
of workers expressing a preference for a reduction in working hours rather than for more earnings.’ It is
worth to note that this increase in the fraction of workers displaying a desire for fewer work hours has
occurred in a period in which European workers have reduced their work hours. Moreover, data from these
surveys and from surveys carried out under the auspices of the International Social Science Programme

(ISSP)° show that countries in which average hours of market work per person are relatively low tend to

> The European Commission question was: “If the choice were offered in next pay round between an increase in pay
for the same hours of work and shorter working time for the same pay you get now, which would you prefer?”. In
1985, on average, 62% of EU workers would prefer “more earnings” as opposed to 31% opting for “fewer hours”,
while in 1994, on average, 56% of EU workers expressed a preference for increased earnings as opposed to 38%
expressing a desire for hours reduction.

% The ISSP question was: “Think of the number of hours you work and the money you earn in your main job, including

regular overtime. If you had one of these three choices, which of the following would you prefer? 1) Work longer hours



display a stronger desire for fewer hours than for more earnings. As a substantial confirm that actual and
desired work hours tend to move in the same direction, Bell and Freeman (2001) report data on German
workers for the period 1985-1995 showing that--in spite of the drop in hours worked over the decade--the
desired work hours tend to decline (see Table 4).” A legitimate interpretation of this evidence consistent with
the hypothesis underlying the model presented here is that work preferences are influenced by actual
experiences concerning work hours and that in their turn contribute to determine future working time. Even
more interestingly from the viewpoint inspiring this paper, Bell and Freeman (1995) find that the US-
German difference in work preferences changed dramatically over time: in the 1960s German workers both
worked longer hours and expressed a stronger preference for longer hours than their American counterparts,
while in the 1989 the position of the two countries reversed, with the US employees both working longer
hours and indicating a greater desire for longer hours (see Table 5). On the basis of this evidence, Bell and
Freeman conclude that the gap in work preferences between Germans and Americans, like the gap in actual
hours, must have developed in the 1970s and 1980s.*

The idea that individual preferences in matter of time allocation reflect social norms and collective
habits which may be regarded as “social (collective) capital” that accumulates or decumulates over time, and
that major institutional or macroeconomic shocks may drastically influence their evolution was discussed by
Lindbeck (1995) and Lindbeck et al. (1999). An important implication of this idea is that the equilibrium
position of the economy is path dependent, since individual attitudes and propensities at a specific point in

time depend on previous behavior by society’s members that may reinforce or undermine the existing social

and earn more money; ii) Work the same number of hours and earn the same money; iii) Work fewer hours and earn
less money”.

" In the 1985-1995 pool sample, 46% of German workers are roughly satisfied with their hour worked; 47% would
prefer fewer hours, and 7% would desire more work.

¥ Bell and Freeman (1995 and 2001) argue that the difference in wage inequality between the US and Germany is a

major factor underlying the difference in hours worked and in work preferences between the two countries.



norms and collective habits.” In sum, this literature argues that individual preferences and attitudes are
strongly influenced by social norms and collective habits, which in their turn are reinforced (weakened)
whenever the relevant population conforms to them more (less) intensely. Institutions and policies may
interfere in this process by changing the incentives of adhering to norms and conforming to habits and
routines. In particular, I follow the literature that emphasizes the role of social norms and habits formation in
shaping individual behavior in the labor market (Blomquist, 1993; Woittiez and Kapteyn, 1998; Faria and
Leoén-Ledesma, 2004; Gurdgiev, 2004; Jakee and Guang-Zhen, 2005; Aronsson and Sjogren, 2006). Hence, 1
assume that individual preferences about time allocation reflect work hour norms and collective habits
concerning the use of time which prevail in a given society at a certain point in time. This can explain why
people living in a society where certain social norms and habits regarding the use of time are dominant are
inclined to develop different attitudes with respect to this use than their counterparts living in a society
characterized by other social norms and collective habits. In their turn, these social norms and habits are
periodically updated as a result of the prevailing experience in matter of work hours and time use. Issues like
the “normal” number of work hours per week or of paid holidays per year, or the “acceptable” amount of
time to spend within the family or meeting friends, are very sensitive to people’s perceptions of what others
living in the same community and society are doing with their time. Therefore, whenever a large number of
individuals change their use of time because of institutional constraints or policies affecting the opportunity
cost of time, also social norms and habits in matter of time allocation tend to be revised and to evolve in

response to these new collective experiences.

TABLE 2. Union density in France and (West) Germany

(percent of employed workers who are union members)
1965-72 1973-79 1980-87 1988-95 1996-98
France 21 21 16 10 10

(West) Germany 32 35 34 31 27
Source: Ebbinghaus and Visser, 2000.

’ Among the significant contributions concerning the formation, transmission and evolution of norms and cultural
values, see Arrow (1974), North (1990), Becker and Madrigal (1994), Greif (1994), Becker (1996), Kreps (1997),

Posner (1997), Bisin and Verdier (1998), Bowles (1998), Fernandez e Fogli (2005).



TABLE 3. Total tax on labor @

(total tax rate in percentage)

1965-72 1973-79 1980-87 1988-95 1996-2000
France 57 60 65 67 68
(West) Germany 44 48 50 52 50
United States 37 42 44 45 45
@ Payroll tax rate plus income tax rate plus consumption tax rate.
Source: Nickell, 2003.
TABLE 4. German actual and desired work hours?
(GSOEP? data from various years)
1985 1990 1991 1992 1993 1994 1995
Usual weekly hours 40.3 39.5 39.3 39.1 38.8 38.6 38.5
Desired weekly hours | 35.3 35.1 34.5 34.7 34.6 34.8 34.0

@ Data are for West German workers with at least 5 hours of work per week.

b German Socio-Economic Panel. The GSOEP question was: “If you could chose the extent of your hours at work,

taking into account that earnings would change corresponding to the time, how many hours would you work?”
Source: Bell and Freeman, 2001.

TABLE 5. German and US preferences for more or less work?

Germans Americans Germans Americans
(1960s) (1960s) (1989) (1989)
More hours/more pay 44% 34% 14% 33%
Same hours/same pay 49% 56% 76% 62%
Less hours/less pay 7% 10% 10% 5%

4 Data for the 1960s are from responses to the following question: “Some people would like to work more hours a
week if they could be paid for it. Others would prefer to work fewer hours per week even if they earned less. How do

you feel about this?” (see Katona et al., 1971). Data for 1989 are from ISSP.

Source: Bell and Freeman, 1995.

3. THE BASIC MODEL

I consider an economy in discrete time with an infinite time horizon. In this economy there are firms and

households.
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3.1 The firms
For simplicity and without loss of generality, it is assumed that there is a fixed and large number

(normalized to be one) of perfectly competitive firms that are identical and produce the single good Y,
according to the technology

Y, =A KI5 0<o<l, (1)

where A, denotes the state of technology in period t, K; is the amount of capital rent by the firm in t and hy,

are the units of labor employed by the firm in t. It is assumed that A, is a positive function of the stock of

capital existing in the economy: A, = K{'e (consistently with this formal set-up, one can interpret

technological progress as labor augmenting). This assumption combines the idea that learning-by-doing
works through each firm’s (physical) capital utilization and the idea that knowledge and productivity gains
spill over instantly across all firms (see Barro and Sala-i-Martin, 1995). Therefore, in accordance with

Frankel (1962), it is supposed that although A, is endogenous to the economy, each firm takes it as given,

since a single agent’s investment decisions have only a negligible effect on the aggregate stock of capital.

In each t, the representative firm chooses h,; and K| in order to maximize its profits, which are given by
=Y e Wihy-RiKy, 2)
where R is the capital rental rate and W, is the wage rate. Note that Y, is the numeraire of the system and its

price is set to be one.
3.2 The households

For simplicity and without loss of generality, it is assumed that the population is constant and that each
household contains one adult, working member of the current generation. Thus, there is a fixed and large
number (normalized to be one) of identical adults who take account of the welfare and resources of their
actual and prospective descendants. Following Barro and Sala-i-Martin (1995) I model this intergenerational
interaction by imagining that the current generation maximizes utility and incorporates a budget constraint

over an infinite future. That is, although individuals have finite lives, I consider immortal extended families

10
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(“dynasties™).'” Finally, I assume that agents’ expectations are rational, in the sense that they are consistent
with the real processes followed by the relevant variables. In this framework, in which there is no source of
random disturbances, this implies perfect foresight.

In each t, the utility of the representative household is an increasing function of two consumption
commodities. The representative household produces the first commodity, C;, by combining a market good,

X, with the time that it devotes to home production, hy;, according to a CES production function with

elasticity parameter ¢ (see Aguiar and Hurst, 2006):

o
ol ods

Ci=x7 +h? , 0>1. 3)

Notice that 6>1 implies that x; and h; are substitutes in production of C,. Furthermore, the representative

household produces the second commodity by using only time as an input. Therefore, this second commodity

can be interpreted as leisure, L;, “in the sense that market goods cannot be used as a substitute for time in

production” (Aguiar and Hurst, 2006, p. 7).

Households’ utility is assumed to be separable in C; and L;:
U=In(Cyt+oyln(Ly), >0, “4)
where o; measures the subjective value that the representative household attributes to leisure relative to

consumption in t.

The time that the representative household devotes to market work, h,,, is subtracted to home
production and to leisure. Indeed, the household is subject to the time constraint
hyhyL<N, )

where N is the representative household’s total time."

1% As Barro and Sala-i-Martin (1995, p. 60) point out, “this setting is appropriate if altruistic parents provide transfers to
their children, who give in turn to their children, and so on. The immortal family corresponds to finite-lived individuals
who are connected via a pattern of operative intergenerational transfers that are based on altruism”.

' As in Prescott (2004) and Alesina et al. (2005), we simplify by treating hours of work as continuous measures and

ignoring the binary choice whether to participate or not in the labor market.

11
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The period budget constraint of the representative household is the following:

where d is a parameter measuring capital depreciation.

The problem of the representative household amounts to choose {Kt “ }80, {xt }BO, {hlt }80 and {h 2t }BO

in order to maximize
ZBtUt,0<B<1, (7)
=0

subject to (5) and (6), where B is a time-preference parameter.

3.3 Preferences’ evolution

Individual preferences concerning the trade-off between consumption and leisure are assumed to be
externally influenced, in the sense that they are affected by social norms and habits whose current state
depends on the average leisure enjoyed by the households in the past. Indeed, the average number of hours
devoted to leisure can be interpreted as a proxy of the population’s attitudes toward leisure. Consistently, the
dependence of individual preferences on social habits is modeled by making o—the parameter measuring
the subjective value attributed by the representative household to leisure relative to consumption—an
increasing function of H;, namely of the stock of social habits whose current level depends positively on the
average leisure enjoyed by the households in the past:'?

a, =m(H,;), m'>0, (8)

where the stock H; evolves according to (see, e.g., Faria and Ledn-Ledesma, 2004; Gurdgiev, 2004):
Hy; = He-ML-Hy), 0<A<1, H given." 9)
Since H; depends on the average leisure time in the preceding periods, its motion is the result of a social

process, and the actions of a single household have only a negligible effect on the evolution of preferences.

Thus, it can neglect the impact of its choices on this evolution.

12 Also in Blomquist (1993), some utility function parameters are functions of the average values of consumption and
hours of work. However, Blomquist’s static model cannot capture the process whereby preferences evolve in time.

'3 Since households are assumed to be identical, average leisure in period t is equal to the leisure enjoyed by the
representative household in t

12
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3.4 Market-clearing conditions

Equilibrium in the market for the product implies
Ki1tx= K¢ (1-9)+Y,. (10)
Equilibrium in the markets for labor and for capital implies, respectively
h gt =h3, (11)
and

K¢ =KS. (12)

4. REMOVAL OF THE RESTRICTIONS CONSTRAINING LABOR SUPPLY AND CONVERGENCE IN
WORKED HOURS PER PERSON

In this section it is assumed that two countries, US and EU, share the same parameter values and the
same initial condition H,. However, the two countries are assumed to differ because the US labor supply is
never constrained by labor market regulations and/or union ceilings, while the EU labor supply is subject to

such imposition for some initial time interval (hyg,; < Hz for te[0,t%), t*>0). In period t* this restriction is

removed in the EU, and from period t# on labor supply is freely determined by the market in both countries.
It is also assumed that the change in the EU labor market regime occurring in t is unanticipated: EU
economic agents made their decisions in any te[0,t¥) on the expectation that h g, < Hz Vvt . The analysis is
conducted both under the hypothesis that—consistently with the model presented in the previous section—
preferences concerning the trade off between leisure and consumption evolve in time and under the

alternative hypothesis that they do not change.

4.1 Evolving preferences

Suppose that social habits affecting preferences evolve in time according to (9) and that labor supply

is not constrained by labor market regulations and/or union ceilings. In this case, the equilibrium path of the
h
economy is governed by the following system of difference equations in hy, H; and v, =—1' (see the

Xt

Appendix for the derivation):

13
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o-l
hy(hoe, Higg, vigg) & | m(hy,He,vy) [ - ]
W(hope, Hisp Vigr, hog  Hy, vy ) = 20t Ty g o | ZI20 0 Uy v o Bl-8 46050 |=0,
Vil Vi
(13)
Q(Ht+1:h2t 5Ht:Vt) = Ht+1 - Ht - ﬂ*[L(h2t:Ht 5Vt) - Ht ] > (14)
. o-1Y) .
nem(l-5+05) (TN w5t )
O(hyeyr, Hepr, v, ho, He, ve) = [T+ vy - =%
(1-0)L(hy, Hy,vy) (1-0)L(hyey, Hiyp,vign)
(15)
o o1y o]
where hyy =hy(hy,Hy,vi)=(N-hp v ¢ [m(H) 1+v.7 |+v.° and
ch ch ch oL
L,=L(h,,H,v)=N-h(h,,H,v,)-h,. Notice that —1-<0, —<0, —L>0, L<o0,
oh 5, OH, oV, oh
oL, oL, . ) . .
>0 and — < 0: both domestic work and leisure tend to decrease as market work increases, while

OoH, oV,
they tend to have opposite reactions as the stock H; and the ratio v, become higher.

Together with (13)-(15), an equilibrium path must satisfy the transversality condition (see the
Appendix)

lim B! mHOhy
t—>o0 (I-Q)L(th,Ht,Vt)

(16)

A balanced growth path (BGP) can be characterized by setting h,.1=h,~h,, H=H=H and

Yt+1 B Yt

1-6
Vit1=V¢=V in (13)-(15). Along a BGP, Y, grows at a rate u=[3[1 -0 +6h, j-l, W = ,and L=H.

t

Moreover, one can check that it is possible to have more than one triple (h,,H,v) such that: i) it satisfies the

system consisting of ¥(.)=0, Q(.)=0 and ®(.)=0 with hy.,;=hy~=h,, Hi,;=H=H and v =v=v; ii) it is

consistent with u>0 (perpetual growth), and iii) it is locally stable. Supposing that there exist two of these
. * % % * * % * % % %

BGP triples, say (hpey,Hey,>Vey) and (hoys,Hys,Vys), they are such that hoey <hpys, Hey >Hys and

Vzu = vfls =0, thus implying that 0< ,uZu < yzs, namely that the rate of output growth is higher along the

14
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BGP characterized by (h ;us»st» st) than along the BGP characterized by (h>’2<eu , qu , Vzu) (see the
Appendix).
The existence of multiple stable BGP triples (h,,H,v) is possible because when households attribute a

low (high) weight to leisure in their utility function, hours devoted to leisure per person tend to be low
(high), thus reinforcing those social habits and norms that determine a relatively low (high) subjective value
of leisure relative to consumption. In this way, policies or events that affect worked hours for a limited

period of time may have permanent effects on individual preferences, labor supply and economic growth.
The system obtained by linearizing (13)-(15) in a neighborhood of (h;i,H?,V}k) , I=us,eu, can be
used to approximately describe the motion of the i along the path approaching (h ;i , HT,V?) . The linearized

path is governed by:

_

h h’ hai¢ -h5 -l fi, f
2it+1 - *21 _pl M2it - 51 +let0 , F:{ 1 Iz } G:[gn} (17)
Hit41 -Hj H; -Hj £y £y g21
where vi; =[B(1-5 +0(h;i)l"9 N'vip and Hjy =H e (HZs -e,HZS +¢) is given, i=us,eu (see the Appendix
for the elements of the matrices F and G). One may think that the evolution of the US economy (the

economy that is never constrained by labor market regulations and/or union ceilings) is approximately

described by (17). Numerical examples show that (17) can be consistent with initial levels of market work
and leisure lower than their steady-state levels (hyyo <h>'2<uS and Lo <L>;s) (see the Appendix), while
domestic work tends to decline in the long run (hy,go > hfus ).

Suppose again that preferences evolve in time, but assume now that labor supply is subject in the EU
to some ceiling Hz , (hogy < Hz) believed to be permanent by the economic agents and such that
hy e (h;eu -e,hzeu +¢). Since Hgyg=Hg e (st -g,HTlS +¢), the constraint restricting labor supply is
binding (h,e =h), and the equilibrium path of the EU economy is governed by a system of difference

eut

equations in Hyy, Zo = I); and v, consisting of (13)-(14) (with h,. 1 =h,oy =h,) and of (see the

eut

Appendix for the derivation)
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o-1 o-1

o - ZaBli-5 005 | 14v,g |=0.(18)

eut

. 1-0
z:(Zeut+1 > Veut+l Zeut > Veut) = Zeut+1 (1 -8+ h2 -Z l+v

o
eut eut+1

An equilibrium path must also satisfy the transversality condition (see the Appendix)

o-1
lim B Zoye| 1+ VG =0. (19)
t—o0

A BGP can be characterized by setting Hoy11=Hey™Hews Zeut+1™Zeut™Zeu AN Veyi+1=Veut=Veu 1N

(13)-(14) (with hZeutJrl:hZeut:HZ) and in (I8), Along a BGP, Y., grows at a rate

—10
Hey = B(l -0 +6h, ) -1> 0 (perpetual growth)'* and Lo,=H,- Moreover, one can check that it is possible to

have only one triple (Hey,ZeysVey)> Say (H;u,Z;u,V;u) , which satisfies the system consisting of ‘¥'(.)=0,

"

Q()=0 and X(.)=0 with hpeyy =hpeyt =hs, Heyr1=Hey=Heu s Zey1™Zeu™Zeuw @04 Veyer1=Veu™ Veu >

where H;u > st since H;u € (H:u -g,qu +&)> st , Z;u =(1-98)(1-B)+(1- [39)512"9 and vy, =0."
The system obtained by linearizing (13)-(14) (With hsey,; =hoe, =h,) and (18) around
(H,,.Z.,,Vs,) can be used to approximately describe the motion of the EU economy in a neighborhood of

(Hey>Zey> Vey) - The linearized path is governed by:

— o-1
" " O--l 2, N -h -
Hoyyy -y = (Hyy - Hoy)(1 - 2) - (Z7DAN) o (20)
om(H Ly, )

10
'* Note that p, :B(1-6+6h2 j-1>0 derives from the fact that “Zu =[3(1-8+9(h=’2=eu)1'e )—1 >0, and from the

. - * %
assumption that hy € (hpey -€,hoey +€)-

'3 In the presence of a binding restriction limiting labor supply, a BGP consistent with perpetual growth must be unique

since the units of market work are given and the units of domestic work tend asymptotically to zero, thus implying

" " " —

Veu=0 and Ly, =N-h,, entailing Zg, =(1-8)(1-B)+(1-pO)h5? and Hy, =N-h,. Note that
H::u e(H Zu -&, qu +¢) derives from the facts that H;u =N-h, and qu =N —h;eu , and from the assumption that

— * E
h2 E(hzeu —S,hzeu +8).
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Veu =[-8+ 5 vy, 1)

o-1

Zoy +B1-6 + 6h” } (o-0b5" -6-2,) 5,

(22)

eut °

Zost ~Zoy =(Zoy -Zo) - - = . 4
eut+1 eu eut eu |: 1_5+h£_g 'Zeu O'(l-5+h£-€ 'Zeu)

where Hgyo =Hg € (st —e,HTlS +¢) is given.

By inspecting (22), one can easily check that Z;u is unstable: any path such that Z_, # Z::u cannot
be an equilibrium path since it is implosive or explosive and does not satisfy the boundary or the

transversality condition. Thus, the unique equilibrium path of the EU economy for t<t* must be characterized

by Z = Z;u Vt<t”. In contrast, by inspecting (20)-(21) and by considering that H,, < H,, , one can easily

verify that along the equilibrium path H,,, tends to increase. Consistently, when in period t=t* the restriction

limiting labor supply in the EU is removed, the subjective value of leisure relative to consumption is higher
in the EU than in the US: even if initially the preferences concerning the trade off between leisure and
consumption were the same, these preferences diverged because in the interval [0,t*) the EU households’

choices in matter of time use were constrained by the institutional barrier h., .

Furthermore, the removal of the restrictions constraining labor supply in the EU may not be

sufficient for permitting a convergence in preferences and hours of market hours between the EU and the

US. As a matter of fact, it can be the case that H_ « < (qu -&, H:u +¢), thus allowing the EU economy to

t

converge from t* on towards (h ;eu , H:u , Vzu) . Indeed, from t* on the equilibrium path of the EU economy is
governed by (13)-(15). Hence, the system obtained by linearizing (13)-(15) in a neighborhood of

(h;eu,H:u,VZu) can be used to approximately describe the path followed by the EU from t# on. The
. . . * 1.0 \(t-t"

linearized path is governed by (17), where vg, =[B(1-5+6(hy,) )] (-t )Veut# , t>t* and
H € (qu - g,H:u +¢&) is given. Numerical examples show that (17) can be consistent with an initial
level of market work larger than its steady-state level (h seut® > h;eu) , and with an initial level of leisure

lower than its steady-state level (Leu " <L*26u) (see the Appendix): even once that restrictions to labor

t
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supply due to regulation and/or unionization are not any longer binding, hours of market work per person in
the EU may continue to decline.

The following proposition summarizes the main result obtained above:
Proposition 1. If preferences evolve in time and two economies, US and EU, share the same parameter
values and initial condition, the removal in the EU of the restrictions that have constrained labor supply for a
prolonged period of time may not allow this economy to converge to the same hours of market work per

person of the US, which never was subject to such restrictions.

Proof: Consider that the equilibrium path of the US economy converges to (h;uS,HZS,VZS), while the

equilibrium path of the EU economy converges from t* on to (h ;eu , qu , VZu) .

4.2 Constant preferences

Suppose that social habits and norms concerning the use of time do not evolve
(Ht =Hj e (st -8, HTlS +¢) Vt) and that labor supply is never constrained by labor market regulations
and/or union ceilings. In this case, the equilibrium path of the economy is governed by the system of
difference equations in hy¢ and v consisting of (13) and (15) (with H,; =H; =Hj € (HZs —g,HzS +¢)).
Together with (13) and (15), an equilibrium path must satisfy the transversality condition (16) (with H=H,).

A BGP with constant preferences can be characterized by setting h,.,1=h,=h, and v, 1=v{=v in (13)
and (15) (with H,;=H;=H, e(st —g,HzS +¢)). A BGP pair (hy,v) consistent with

(1-O)N-hy) _

0.
m(Hg)h§

-0
p=6(1—6+9h; j—1>0 must satisfy v=v°=0 and f(h2)=(1—8)(1—,B)+(1—ﬂ19)h12'6 -

Since />0, there exists at most one value of h,, say h; , satisfying f(h,)=0. Hence, the pair (h;,vo) is

unique. Moreover, since HyeMH,-&Hy,+¢) and v°=v, =0, it 1is apparent that

hy e (hhy - & hoys + &), thus entailing &~ € (urg - &, st +&) and o >0,

18
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The system obtained by linearizing (13) and (15) (with Hi,=H=H) around (h; , VO) can be used

to approximately describe the motion of the i economy in a neighborhood of (h;,voj . The linearized path

is governed by:

o-1
hoieg -hp =(hgj -ho)ny -npv, 7, (23)

where vy =[f(1-0 +6’(h;)1'9 )]'tvio, i=us,eu (see the Appendix for the values of n; and n,). Assuming

parameter values consistent with both S[1-06 + Q(h;)l'g] >1 and 0< n;<I, the pair (h 2itaVit) converges
asymptotically to (h;,voj for any possible initial pair (hQiO,ViO) in a neighborhood of it (see the

Appendix). One may think that--if preferences were constant--the evolution of the US economy (the
economy that is never constrained by labor market regulations and/or union ceilings) would be
approximately described by (23).

Suppose again that social norms and habits do not change over time (and that—therefore—

preferences are time invariant), but assume now that the EU labor supply is subject to some ceiling Hz
(hye, <hy) believed to be permanent by the economic agents and such that h, e (h ;eu - €, h;eu +¢). Since

Hy e (H:s -&, st + &), the constraint restricting labor supply is binding (h e, =h, < hoz ), and for t<t* the

equilibrium path of the economy is governed by the system of difference equations in Z, and v consisting

of (13) (with Hgy1=Hou=Hp and hopgyeig =hoeyt :Hz) and (18). Together with (13) and (18), an

equilibrium path must satisfy the transversality condition (19).

A BGP can be characterized by setting ZeutHZZeut:Z't;u and Veut+1:Veut:V'<;u in (13) (with

Heye1=Hey=Hp and hoeyes; =hoeye = ho) and (18). Again, note that the pair (ZL;u , V;u) is unique and that

—1-6
along the BGP Y., grows at a rate p, =B(1—6+9h2 )—1>0. The system (21)-(22) can be used to

approximately describe the motion of the EU economy in a neighborhood of (ZL;u , V;u) .

As in period t* the restriction limiting labor supply in the EU is removed, the equilibrium path of the
EU economy is governed by the same system of difference equations in h,, and v; which would govern the

19
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US economy if preferences were constant, namely by the system consisting of (13) and (15) (with

H¢,, =H{=H, e(HzS -g,HTlS +¢)). Hence, also the EU economy--which by assumption has the same
parameter values of the US economy--would converge from t# on to the unique steady-state pair (hz , Voj .

This proves the following proposition:
Proposition 2. If preferences were time-invariant and two economies, US and EU, share the same parameter

values and initial condition Hy,=H.,g=H/, the removal in the EU of the restrictions that have constrained

labor supply for a prolonged period of time would allow this economy to converge to the same units of

market work per person of the US economy, which never was subject to such restrictions.

5. LABOR TAXES AND THEIR EFFECT ON THE DIFFERENCE IN WORKED HOURS PER PERSON

Also in this section it is assumed that two countries, US and EU, share the same parameter values
and the same initial condition H. However, the two countries are assumed to differ because labor income is
taxed more heavily in the EU than in the US. Again, the analysis is conducted both under the hypothesis that
preferences concerning the trade off between leisure and consumption evolve in time and under the
alternative hypothesis that they do not change.

To incorporate the existence of labor taxation, I rewrite the period budget constraint of the
representative household as:

K 1+C =K (1-8)+m+RK+(1-1)Wihy + T, 0<6<1, 0<t<I1, K, given, (24)
where 1 is the tax rate and T, are the government transfers received by each household in t. By assuming that
taxes are entirely returned to households in the form of transfers, one has:

TWh, =T, (25)

5.1 Evolving preferences

Assume that social habits and norms evolve in time according to (9). In this case, the equilibrium

path of the economy must satisfy the system of difference equations in hy,, H; and v; consisting of (13)-(14)

and (see the Appendix)
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o)

hS m(H)[1-5+h5 Jieve | -

@h ,H ,V ,h ’H ’V ’Ti =
( 2t+1 t+1 t+1 2t t t ) (1‘0)(1‘Ti)L(h2thth)

(26)

ndm(H A -5+ el ]
(I-)(A-7)L(hy, Hiyy, Vi)

=0, i=us,eu.

Together with (13)-(14) and (26), an equilibrium path must satisfy the following transversality condition:

=0, i=eu,us. (27)

hm Bt m(Ht )hgt
too  (1-0)(1-7;)L(hy ,H,,v,)

Suppose that there exists a unique BGP triple, say (h;i,H-' V’), i=us,eu, such that: i) it satisfies

171

the system consisting of W()=0, Q()=0 and ©(.)=0 with h,,, =h, =h3, H,, =H,=H; and
1-6
Vi =V =Vj, i) it is consistent with p; = ﬁ(l -5+0(h;) ) -1>0 (perpetual growth), and iii) it is locally

stable. It is easy to check that vi{ =0, and that h3; and H; are those values of h, and H which satisfy both

(1-0)(1-7)(N-hy) _

hy,H,7,)=(1-8)(1- 1- o)L 5 -
g(hy,H,7;)=(1-8)(1- B)+(1- fO)h; )

0 and H=L=N-h, (see Figure 3). Moreover,

one can easily verify that t,>1,, (the tax wedge on labor is higher in the EU than in the US) implies that

H; <H, and hj >h5,, (see the Appendix), thus entailing ajs <ag, and p, >ps,: along a BGP, the
subjective value of leisure relative to consumption is higher in the EU, where labor income is taxed more

heavily, while the hours of market hours per person are higher in the US, where labor income is taxed less

heavily.

The system obtained by linearizing (13)-(14) and (26) in a neighborhood of (h;i,Hi',V;), i=us,eu,

can be used to approximately describe the motion of the i economy along the path approaching (h Si-Hi, Vi )

The linearized path is governed by:

° ° o-1
hojis1 -ho; B hi -h; L Py.C B:[bn by } P{Pn} (28)
Hjp -HY Hj -HY § bay bap P21

where vy =[f(1-0 +9(h§i)1'9)]'tvio and H,,=Hq,0=Ho is given, i=us,eu (see the Appendix for the

elements of the matrices B and P). Numerical examples show that (28) can be consistent with an initial level

of market work lower (higher) than its steady-state level in the country where labor is taxed less (more)
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heavily (hsus0 <h%ys and hoeyg >h5ey )» With an initial level of leisure lower than its steady-state level in
both countries L,i <L} and L.y <L%,), and with an initial level of domestic work higher than its

steady-state level in both countries (hjug >h{ysand hje,o >hiey) (see the Appendix). In particular, it is

worth to emphasize that the model may account for an increasing divergence in hours of market work per
person in the presence of an unchanged inter-country differential in tax rates.

5.2 Constant preferences

Suppose that social habits and norms do not evolve in time (H=H,, Vt, where H;, <H, <Hg,). In
this case, the equilibrium path of the economy is governed by the system of difference equations in h,; and v
consisting of (13) and (26) (with H;;=H=H). Together with (13) and (26), an equilibrium path must satisfy
the transversality condition (27) (with H=H,).

Assume that there exists a pair of BGP values of (h,,v), say (h;?,v?o), i=us,eu, such that: 1) it

satisfies the system consisting of W(.)=0 and ©®(.)=0 (with H,; =H; =H,), ii) it is consistent with
oo oo 1-0
W = B(l -0+0(hy;) j -1>0 (perpetual growth), and iii) it is locally stable. Again, it is easy to check that

V;O =0, and that h;? is that value of h, satistying ¢(h,,H,7;)=0 with H=H,, (see Figure 3). Note that

aQ(hz ’Ha Ti)

h,

since >0 there may exist at most one value of h, satisfying g(h,,H,7;)=0 with H=H,,.

Hence, the BGP pair (h ;O , Vioo) is unique.
Moreover, the system obtained by linearizing (13) and (26) (with H,,;=H=H) around (h;?,vf 0)

can be used to approximately describe the motion of the i economy in a neighborhood of it, i=us,eu. The
linearized path is governed by:

o-1

hoiy -hgj =(hy -hyi)zy -z,v 9, i=us,eu, (29)
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where v =[f(1-0 + 6’(h°22)1'0 )]'tvo (see the Appendix for the values of z; and z,). Assuming parameter
values consistent with both S[1-6 +6&(h ;)1'9 ]>1 and 0<z;<1, the pair (h 2t Vt) converges asymptotically

to (h ;T , Vio o) for any possible initial pair (h,,v) in a neighborhood of it (see the Appendix).

h,,H,1; hy, B, 7
aq( 2, "[1)>0, aq( 2 ’T1)>0 and TuS<T
8h2 or;

1

Finally, since the implicit function theorem

cw

. . oo oo .
implies that hy,s >hoe, @ even assuming constant preferences, hours of market work per person are

permanently higher in the US than in the EU. For H{i <Hy <Hg,, one can also prove the following
proposition:

Proposition 3 The differential in the steady-state level of market work per person between the EU, which is
the economy that taxes labor income more heavily, and the US, which is the economy that taxes labor
income less heavily, is larger when one accounts for the evolution of preferences over time than when one
assumes that preferences are time invariant.

aq(hZ P Ha Ti

Proof: Since Hj <H, <H{,, h
2

>0

h,,H,t;
and 8(](2+H,tl>o, the implicit function theorem

implies both that h;ols <h3,s and that h;Zu >h%e, (see Figure 3).

In other words, the same difference in tax rate can generate in the long run a larger inter-country
differential in hours of market work per person if the subjective value of leisure relative to consumption

evolves in time responding to past social experiences concerning leisure and worked hours.
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FIGURE 3

h, Steady-state equilibrium pairs (H,h,) in the presence of labor taxes
haus
hZus
hoey — g(h,,H ,1,0)=0
haeu

q(hZJH,Teu):O
H
0 e, Ho w?

6. CONCLUSIONS

In Germany, as in France or in Italy, most employees consider the possibility of enjoying one-month
(or longer) paid vacation per year as a sort of non-negotiable right. The increase in pay for which they would
be willing to accept shorter vacations is probably very high. One may state that nowadays the fact that an
employee has four (or five)-week long vacation is part of the European way of life, an undisputed social
norm. Its status is perceived to be similar to the right for every European citizen to have access for free to
basic health care. Obviously, fifty years ago things were very different: the present social norm in matter of
paid vacation has emerged as a result of a long process and it is not immutable. Similarly, it is likely that
most American employees would not be willing to renounce to the consumer standards that they can afford
by devoting more time to market activities than their European counterparts in order to enjoy longer
vacations. Also international surveys seem to confirm that the attitudes toward work differ between the US
and Western Europe, with Americans showing more devotion to market work than Europeans. Is it correct to
conclude that--as far as the use of time is concerned--cultures are different on the two sides of the Atlantic?

Alesina et al. (2005) argue that simply invoking different cultures to explain why Europeans are
currently devoting less time to market activities than Americans is unconvincing, since this explanation

should account for the fact that culture started diverging in the early 1970s across the Atlantic. This point is
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stressed also by Tullio Jappelli in his comment to Freeman and Schettkat (2005): “for cultural factors to be
able to account for such diverging trends one cannot rely on cross-sectional evidence. Rather, one should be
able to show that preference for market work has changed over time in either the US, Europe, or both.” (p.
45). In this paper, I have modeled the hypothesis that permanent differences in individual attitudes toward
work can emerge between two countries as a result of a period in which only one of the two countries was
subject to labor-market regulations and unionization constraining labor supply, or as a by-product of an inter-
country difference in tax rates.

The model is consistent with the continuation of a falling trend in hours of market work per person in
the economy subject to binding restrictions to labor supply, even after the removal of these barriers. As a
consequence, this removal does not allow this economy to converge to the same level of market work per
person of the economy which never was subject to such restrictions. By contrast, if preferences were
assumed to be time-invariant, a regime shift lifting the barriers to labor supply would allow the economy
thus deregulated to converge to the same worked hours per person of the economy which never was subject
to such restrictions. Furthermore, the model is consistent with an increasing cross-country divergence in
worked hours per person even when the inter-country difference in labor tax rates remains unchanged.
Finally, the model shows that the differential in the steady-state level of market work between the economy
that taxes labor income more heavily and the economy that taxes labor income less heavily is larger when
one accounts for the evolution of preferences over time than when one assumes that preferences are time
invariant.

This paper models the hypothesis that households’ work preferences tend to change in response to
variations in social habits concerning time allocation, whose evolution depends on past experiences in matter
of time use. As seen in Section 2, there is some evidence that corroborates this hypothesis. However, future
research should provide more systematic empirical support to it. Moreover, the model predicts that
institutions and policies which have a temporary influence on individual choices regarding time use can have
long lasting effects because of their persistent impact on social norms and habits. Again, future research

should systematically ascertain whether these predictions are consistent with the relevant facts.
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Appendix
1. Derivation of the system (13)-(15)

One can solve the firms’ problem by maximizing (2) with respect to hy; and K4, thus obtaining:

-0 -1
W; :(I—O)Kth2t =(1-0)Yhy, (A1)
1-0 -1
Moreover, one can solve the households’ problem by maximizing
- ol ol
Z[_))t g In Xto- +h1to- +atln(N—h1t-th)+§t[(l—5)Kt+Wth2t+Rth-Xt—Kt+1] Wlth I‘espect to Xt’

| (o-1)

hy, hyy, K¢y and the Lagrangean multiplier {;, and then by eliminating &;, thus obtaining:

-1 o-1
— h
(N-vix¢-ho)vP =[1+v, 7 |oayxy, vy =t (A3)
Xt
o-1
(N-VtXt -h2t)Wt = 1+Vto- 0tX¢, (A4)
Ky =(1-8)K¢ + Wihpe + R (K -x¢, (AS)
o-1 o-1
1+v O g =B 1+ v 7 |x¢(1-0+R ). (A6)
By using (A3), one can obtain:
-1 o-1 o-1 -l
Xt =(N-hp)v? e[ 1+v, 7 |+v . , (A7)
o-1 o-1 o-1 -l
hig =x¢ve =(N-hp v, @ |a¢|[1+v, 7 [+v,7 | | (A8)
o1 o-1 o-1 -l
Lt =N'Vtxt'h2t =(N—h2t)at 1+Vto- at 1+Vto- +Vt0 . (A9)

By using (8), (A2), (A7) and (AS8), one can rewrite (A6) as (13).

Moreover, by using (A9), one can rewrite (9) as (14).
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Finally, by using (A4) and (A9), one can obtain:

-1

o1) ol
Xt =(N—h2t)Wt ay 1+Vto- +Vto- . (AIO)
Together with (A1) and (A2), (A10) allows us to rewrite (A5) as
o-1 o-1 1
K1 1-0 -0
K—::1-5+h2t -(N-hp)(1-O)h5 e[ 1+v T [+v T | . (A11)

By using (8), (A1), (A9), (A10) and (A11), one can rewrite (A6) as (15).
2. Derivation of (16)

The transversality condition that an optimal path governed by (13)-(15) must satisfy is:

lim B'¢K =0. (A12)
t—>00

Since along an optimal path ¢ = Lat , one can use (8), (A1) and (A9) to rewrite (A12) as (16).

tt

* * * * * *
3. Existence of two steady-state triples (hoey,Hey, Vey) and (hoyg,Hyg, Vys)

. e . Xyl -X L o .
Given (Al) and (A10), if lim gy = >0, then lim i . Bkl >0, which in its turn entails lim v{ =v =0 since
t—00 t—>0 Xt t—0

lim hjy =hy <N. Hence, a steady-state triple (hy,H,v) consistent with p>0 must satisfy v=0,
t—>o0

1-0)(N-h
s(ha,H) = (1-8)(1- £)+ (1- pOh 50 JEOM-2) G ang g(hy,H)=H-N+h,=0. Since both 12 <0
m(H)h§ dH |s(hy, H)=0
dhy . . . * * %
and —= <0, it is possible to have more than one pair (hy,H), say (hoey,Hey,Vey) and

dH |g(hy,H)=0

dh
(hzuS,HZS,VZS) , satisfying s(.)=0 and g(.)=0. Moreover, Ez

<0 |or ﬂ
s(hy,H)=0 dH

<0 |implies
g(hy,H)=0

that if qu >HTJS, then it is necessarily the case that h;eu <h;us. As a numerical example, let
m(Hy) = 4.5093884(10'7)}[%'631241 ! N=100, B=0.95, §=0.05, 6=0.35, 1=0.01 and 6=1,5. Given these values, one has

h3ys =30.5, Hyg =69.5 (entailing cryg = 2.2019552), and hae, =24.5, Hyy =75.5 (entailing argy = 2.9743753).
4. Elements of the matrices F and G

By linearizing (13)-(15) in a neighborhood of (h5;,H; , v} ) , one can obtain (17), where 5 =1, fyp=1-4,
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m(H}“){Nwa-&)(hZi)"'l +1]+(1-5)(1-0)(h ;)7 }+/1(N'h;i)m'ﬁ[1-5+(h§i)l_0 ]

* *
fi; =F(hpi,Hy)= - * 10 * o . (Al3)
pn(H; NIO(1-8)(h ) +61+(1-8)(1-0)(h5;)? |
o e (R 03018+ 030 -(- -6 +om3) |
f1p =F,(hyi,Hj) = P 1.0 . ) (Al14)
n(H; NIO(1-5)(h ) +01+(1-8)(1-0)h ) |
* * * -0 * 11-0 : * * -0
a1y =Gy (b D) = (Hi)IIN-hp)(1-0)(hpi)™ -6+ (hoi) ™ J+m' BN-hp;)A[1-5+6(hpi) ] (A15)
- 1L * R * ® 1 * >
[(N-h 5o -1 (h5)C im0 -6)(05) 1 + 01+ (1-8)1-0)h 5)? |
k
% * N-h»)o-DA
821 :GQ(hZi,Hi):'(ZI#~ (Al6)
om(Hj )
5. Dynamics of the i economy along the linearized path governed by (17)
Solving (17), one obtains:
(h h* ) H H*) o-l t-1 (o-1)(t-1-])
hoj -ha; =eppq| 20 22T 0 7 1+ (@i +g21u12)vi§ Zx{x3 a +
err-e2 s
H H*) (h h* ) o-l1 t-1 (o-1)(t-1-))
e N S ) - [P . 1 .
gy O L0 oA xt2+(g11u21+g21U22)ViOG Zxéh 7 , i=us,eu, (Al7)
err-en s
(h h* ) H H*) o-l (o-1)(t-1-))
k n - :)-€ - . .
Hig -Hj =| 202202000200 bty gy qup + 2o v Doy 0+
ej-ep2 0
o (g ) ol (o-D(tl))
[ 10 -y )- i0 - 1 i .
+[ 110 en‘_elzzlo 21 ]x5+<g11u21+g21u22>vi(? Sadxy ¢ Limusen  (A1S)
=0

€11 €

where y; and y, are the eigenvalues of F, x3 :[ﬂ(1—5+9(h;i)1'9]'1, E:L 112} is the matrix of the

upr ui2

* %
} is the inverse of matrix E, and H 40 =Heyo =Hg € (Hj -&,Hj +¢&) is given.
uzp uz2

eigenvectors of F, g’ ={

1

5 -
fi+f flp+f 2 1-2- 1-2-
Notice that y, yo = 17722 i[( 1 2 22) -f11f00 +f12f21] , €11 = 27(1 and ey :—/1/2'

2 A

As a numerical example, let m(H;) = 4.5093884(10'7)113-63124“ , N=100, =0.95, 5=0.05, 0=0.35, 1=0.01 and o=1.5.
. * * £ £ % %k
Given these values, one has: ho,s =30.5, hyyg=0, Hys=Lys=69.5, and hoe, =24.5, hie, =0,

*

Ho, =Ly =75.5. In a neighborhood of (hZuS,Hus,v’;S), one has: 1;=0.986517, %,=0.3306454, x3=0.2519779,
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thus guaranteeing asymptotic convergence. Moreover, if H,4,=H;=64.5, one may have h2u50:28.5<h;us,

hlusozh 1 (hZUSO’HUSO’VUSO):g'886226> hikus and LU.SO :L(hZUSO’HUSO’VUSO):61 .613774< L>:IS .In a neighborhood of

*

(h;eu,Heu,V:u ), one has: 37=0.9867064, 5,=0.3752286, %3=0.2807654, thus guaranteeing asymptotic convergence.

. *
Moreover, if H =725, one may have hy it =26.5>hoey
* *
byt =, H v #)=10806303>hey and L # =L(h, o+ H_ #.v_ #)=62.693697<Ley.
6. Derivation of (18)
Given (Al) and (A2) (with hogyt = Hz ), (AS) can be rewritten as
K _
S 1.5+ 157 - Zey (A19)

eut
In its turn (A19) can be used—together with (A2)—to rewrite (A6) as (18).
7. Derivation of (19)
The transversality condition that an optimal path governed by (13)-(14) (with hoeyts] = hgeyt =ho ) and (18) must

o-1 -1

satisfy is given by (A12). Since along an optimal path ¢ =| Xgy¢[ 1+ V5 , one can rewrite (A12) as (19).

8. Values of n;and nyin (23)

By linearizing (13) and (15) (with Hy=H=H,)) around (h;,voj, one can obtain (23), where ny = F] (h; ,Hg) (see

(Al3))and ny =G (h;,HO) (see (A15)).

9. Numerical example showing that there exist parameter values consistent with both p[l -0 +0(h02)1'6] >1 and
0<n1<1

As a numerical example, let N=100, 3=0.95, 6=0.05, 6=0.35, 1=0.01, c=1.5 and Hy=69.5. Given these values, one has:

hy =305, v =0, Bll1-6+6(h3)01=3.9686016 and n;=0.3271624.
10. Derivation of (26)
In the presence of taxation, one can solve the households’ problem by maximizing

- o1 ol

Z[_))t (O-O_-l) In Xto- +h1to- +atln(N—h1t-th)+§t[(l—5)Kt+(1-ri)Wth2t+Rth—Xt-Kt+1] 5 i:us,eu, with
t=0
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respect to Xy, hyy, hyy, K¢ and the Lagrangean multiplier ;, and then by eliminating C;, thus obtaining (A3), (A5), (A6)

and
o-1
(N-vixg -ho )Wi(-7) =| 1+v, 7 ayx¢, i=us,eu. (A20)
By using (A9) and (A20), one can obtain:
o-1 o-1 1

x¢ =(N-hp )Wy (I-7)) a¢| 1+v, 7 |[+vC , i=us,eu. (A21)

Together with (A1) and (A2), (A21) allows us to rewrite (AS) as
o-1 o-1 1

K
%:1-5+h12't‘9-(N-th)a-ri)(l-e)h'z‘f a[14v,C |+v,@ | ,icuseuw  (A22)
t

By using (8), (A1), (A9), (A21) and (A22), one can rewrite (A06) as (26).
11. Derivation of (27)

at

Since along an optimal path {y = ———
Li(1-77)Wy

, iI=us,eu, one can use (8), (A1) and (A9) to rewrite (A12) as (27).

12. Proofthat Hyg <Hgy and h3ys >h5qy

The existence of a unique pair H; and h3%;, i=us,eu, which satisfies the system consisting of g(h,,H,t;)=0 and

g(hy,H)=H-N+h,=0, implies that

dhy PLbY <0 at H=H{ and h, =h$;, us,eu. (A23)
dH |g(hp,H)=0 dH |q(hp,H,7)=0
One can also check that
dhy <0, i=us,eu. (A24)
dri |g(hy, H, 7)) =0

It is apparent that (A23) and (A24)—together with Te >t g-imply that Hyg < Hey and h3ys >h5ey . As a numerical

example, let m(H{)=0.0754504+0.0214678H, N=100, B=0.95, 5=0.05, 6=0.35, A=0.1, oc=1,5, 145=0.3,
Teu=0.4179614. Given these values, one has: h3,s =30, Hyg =70 (entailing argg =1.5782014), and h3, =25,

Hgy =75 (entailing argy, =1.6855354).
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13. Elements of the matrices B and P
By linearizing (13)-(14) and (26) in a neighborhood of (h3;,H},v}), one can obtain (28), where by = F(h%;,H})
(see (A13)), by = Fy (h3i, HY) (see (A14)), by =L, byp=1-%, pj = Gp(h3,H{) (see (A16)) and

DN -h30(1-0)1- 2307 -5+ (030 e AN-03)2[1-5+0(03) 4

. (A29)
[(N-h3)(e-D1 (037 aptmH1 NIO(-6)h3) ™ +61+(1-8)1-0)h3)” |

14. Dynamics of the i economy along the linearized path governed by (28)

Solving (28), one obtains:

ol (G-1)(t-1-)
(hio -h%i)-e12(Hjo -HY) DRESE
o B B B t
hojg -h3; =eqpq| ———= O+ +paun)vid Doadny ¢+
e11-e12 =
J_
(H H.) (h he ) L_I t-1 7(0-_1)(t_1_j)
e11(Hjo -H{)-(hajo -h3i) | ¢ ' :
+epp — 02 b + g +p21um)vi D xit; © , i=us,eu, (A26)
e1-e12 pard
(h he ) (H Ho) L_l t-1 7(0_1)0-11.)
o _| (hgio-h3i)-en(Hjo -H) | i
Hj -Hf =| ———= B+ +paun)vid Doafry ¢+
e11-e12 =
=0
(o -HE)- (g -3 ) ol (o)1)
e (Hijo -H{)-(hpio -h3i) | ¢ ‘ ,
+ — B2 +rug +p21u)vi§ Dl O Lisuseu,  (A27)
el -ep2 p

where y; and y, are the eigenvalues of B, x3 :[ﬁ(1—5+9(h§i)1'9]'1, E:[elll 6112} is the matrix of the

upl ui2

} is the inverse of matrix E, and H; is given. Notice that
uzyp u22

eigenvectors of B, g’ ={

2
by +by by +by) 2 1-2- 1
XX =" + 5 -byiboy +bioboy | L eqg == and eqp =

As a numerical example, let m(H)=0.0754504+0.0214678H, N=100, $=0.95, 6=0.05, 6=0.35, A=0.1, c=1,5,
Tys=0.3, Tey=0.4179614. Given these values, one has: h3,;s =30, hiy =0, Hys =LYy =70, and h3g, =25,
hiey =0, Hg, =L%, =75. In a neighborhood of (hius,HaS,vas), one has: %;=0.8884765, y,=0.3476082,
%3=0.2540756, thus guaranteeing asymptotic convergence. Moreover, if H ;(=H;=69, one may have h2usoz28<h§us ,

h1 45071 (hoyg0-Hus0-Vus0)=10.615806> 1y and Lygg =L(hy,0.Hys0-Vus0)=61.384194<L%. In a neighborhood of
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(h}eu,Heu,V;u ), one has: 1=0.8885769, 5,=0.3843945, %3=0.2780217, thus guaranteeing asymptotic convergence.
Moreover, if Heyo =Hg =725, one may have hoeuo =28 >h3ey

h1euo =1 (2eu0> Heuo» Veun) = 10.615806 > hie, and Leyo = L(hoeuo> Heuo» Veuo) = 61.384194 < LY, .

15. Values of z; and z, in (29)

o

By linearizing (13) and (26) (with H¢,=H=H) around (h;,vf oj, one can obtain (29), where z; = Fj(h ;,V; )

(see (A13))and z5 = Gy(ha,vi ) (see (A15)).

16. Numerical example showing that there exist parameter values consistent with both p[1-6 +0(h022)1'0] >1 and
0<Z]<1

As a numerical example, let m(H¢)=0.0754504 +0.0214678H, N=100, p=0.95, =0.05, 6=0.35, 2=0.1, c=1.5 and
Hy=73.607896 (entailing o=0(=1.65565 Vt). Given these values and t,4=0.3, one has: h;;s =29, fos =0,
Bl1-6+0(hays) ¥ 1=3.8697241 and 7,=0.3423479; given these values and 1o =0.4179614, one has:

hoey =25.338, vey =0, Bl1-6+0(haey) 0 1=3.6204638 and z,=0.3702424.
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