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Abstract: A model with two different production sectors amilogenous growth based
on the accumulation of sector-specific human cépitae to learning-by-doing is

presented. Accumulation of experience is measuyethéans of sectoral production
output aggregated over time. Growth is controllgdabdynamic optimisation of the use
of time for working in the different sectors or flgisure. Transitional dynamics of
production growth, especially of structural changewvards a 'new' sector (with

relatively scarce experience), of the optimal sedtdistribution of working time and of

leisure as well as the corresponding steady statels are derived and a numerical
simulation is performed.
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Learning-by-doing in Two Sectors, Production Structure,
Leisure and Optimal Endogenous Growth

1. Introduction

While performing a production activity, specificilik (i.e. 'experience’) are acquired as
a joint or by-product (Rosen, 1972). This is different from real phykicapital
accumulation based on investment or from humanalagreated by schooling, since in
these cases the respective type of capital is tie product of an accumulation process
— investment or education decisions — which candvrolled independently. However,
in growth theory the prevalent method of modelliige process of experience
accumulation is not done by combining learningatlyewith production activity, but to
connect the accumulation of experience to the aatation of real physical capital
("learning-by-investing": Arrow, 1962, and e.g. Rem1986, pp. 1018 ff., or Greiner,
1996, 2003). Of course, learning is positively wefhced by investment, since new
experience is especially arising by using newlyalthsd machines. However, directly
binding investment and learning has the disadvantd@ lack of separation, since only
a 'composite capital stock' is modelled, implicitbomprising real capital and
experience. As a consequence, only a single costatds composite capital stock is
available. In models with investment as one conteslable, and dynamically optimal
leisure (working) time as another independent abntmismatch problems result (like
multiplicity of optimal growth paths and steadyteta see deek, 1998, and Ladron-de-
Guevara/Ortigueira/Santos, 1997).

In this paper we follow an opposite approach: Hunsapital accumulation due to
learning-by-doing is directly modelled as a by-proidof production, while investment
and real capital accumulation is disregarded fasoas of simplicity. Based on the
concept of the experience curve the stock of egpes of a sector is described based on
the sectoral production output which is aggregatest time (Lucas, 1993, pp. 259 ff.).
If real investment is disconnected from learnirigcan be disregarded for reasons of
concentration on learning-by-doing. This has thgaathge of reducing the model's
complexity. Assuming consumption of goods and keisas the sources of utility — and
disregarding investment — one only has to deterntemgure time plus the sectoral
distribution of working time, and not additionaliy optimise consumption vs. saving.

1 See Gocke (2010) for a one-sector model with arligty separated modelling of dynamically
optimal real capital accumulation via investing @xgerience accumulation via working.



Moreover, the mismatch problem outlined above sigad by separating learning-by-
working from investment.

In our model the sector-specific learning is colidb by the usage of labour (working
time) for producing in two different sectors of aaonomy. However, in both sectors
learning occurs as a by-product. This is a diffeesto two-sector models in the tradition
of Uzawa (1965) and Lucas (1988), where 'educdtimmaan capital' is the main output
of a separate schooling sectdfrom a technical point of view, we duplicate a-one
sector model of Gocke (2002) by a second producsector. Compared to Gocke
(2002) the dimensions are doubled, since our ertmdodel has two types of sector
specific experience capital stocks, and correspmhygithe sector-specific working
times as the two controls. The inclusion of twofaié#nt types of sector-specific
experience capital has two advantages. First, we exlicitly explain sustained
endogenous growth based on spill-over effects qfeegnce between both sectors,
though sector specific experiences partially shawirdshing returns each. This is an
advantage compared to one-sector AK-type modelke-the Gdcke (2002) model —
with only one capital stock, since in these modelfnear influence of this single
accumulated factor is required for sustained endoge growth. Secondly, modelling
sector-specific experience allows to analyse changk the composition of the
experience stocks. During the transition towardseady state the relative size of sector
specific experience changes, and the transitioyremics are determined by changes of
this proportion. Thus, compared to a one sectorahodr sectoral decomposition gives
a better explanation of the transitional dynam&snmarising, our two-sector model is
able to illustrate sectoral change and inter-sattiearning spill-over effects if a 'new’
sector with a relatively low level of sector-spéeciéxperience is introduced, which is
competing with an 'old' experience-rich sector.Sehgansitional dynamics may serve as
an explanation of growth rates above the steady kwael, if a new technology becomes
widespread and if experience in this modern sastgrowing rapidly, and if positive
productivity spill-overs to other traditional sexdcare observed (as e.g. in the case of
the modern IT-sector).

The outline of the paper is as follows: Dynamic imggation based on a general
formulation of the model is presented in sectiomn2section 3 the optimisation results
of the general model are applied to a simple exampith Cobb-Douglas type

production functions and a logarithmic utility furmn. Dynamics for the case of a 'new

2 Actually, since time utilisation between working learning at school is rival, in Lucas-Uzawa-type
models "learninger —doing" (Chamley, 1993) is modelled. See Gocke 4206r a Lucas-Uzawa-
type model which combines learning-by-doing in aduction sector with learning-by-schooling in an
educational sector.



sector with relatively low experience stock and tle@sequences for structural change
and transitional economic growth are illustratedalayumerical simulation in section 4.
Section 5 concludes.

2. Dynamic optimisation in a general formulation

Population size is neglected for reasons of siripliand a generalised formulation of
the model with two production sectors is presernteger capita terms. Per capita
production output xin sector 1 is based on real 'experiedc@ producing in sector 1
(the p.c. human capital accumulated in sectorekfos 2 production 'experienc, due
to a spill-over of experience between both sectand, the share, @f the time potential
which is spent on working in secto(d<g;<1).

_ L 0X Ox 0OX . .
(1) Xt = XE Wp, o) with: % oy ’6_q>0 (production function, sector 1)
with: x  :sector 1 output per capita (equal to congtiom of sector 1 goods)

& : per capita human capital based on learning-bpgli production sector 1

U :p.c. experience based on learning-by-doing ipetion sector 2

g :share of time potential spent on working in sedt(with O<q<1)
t : index of time

Per capita output;yin sector 2 is primary based on p.c. “experiengg’in sector 2

production, spill-over of “experienceg; in sector 1, and the shatg of the time

potential which is spent on working in sector 2.

(2) Vi = YW & wx) with: % %%/ ,g(%)>0 (production function, sector 2)

with: 'y :sector 2 output per capita (equal to constiom of sector 2 goods)

w :share of time spent on working in sector 2 [Vithw <1 and G (g, +w)<1]
Experienceé; in sector 1 is accumulated based on ‘new learnafgi(.)] due to
production activity xduring working time g minus a depreciation (i.e. via forgetting)
with a constant rat@l. Analogously, sector 2 experiendg is accumulated by new
learning b[y(.)] based on production; yduring working timecy in sector 2. For
simplicity, depreciation ratg on human capital is the same for both sectors:

(3) ét = % = axC, W, o)) — ML, with: §>O (experience accum. in sect. 1)

(4) lTJt = %—? = blyW.&t,0x)] — [y with: g—$>0 (experience accum. in sect. 2)



with a[.] :learning per capita in sector 1 as a fiorcof output x
b[.] :learning per capita in sector 2 as a functboutput y
M depreciation rate (i.e. unlearning)g<1)
°  :derivative with respect to time [i.e. (d(.)/dt)]

Dynamic optimisation is done via determining thedipath of the working time in both
sectors, gandwy, based on a representative individual's time sdgparutility function.
Utility comes from the p.c. consumption of the gegaoduced in both sectors and from
leisure. Since leisure time is the residual of vmgktime the share of leisure time is
(1-gi—wy). Overall utility U is the intertemporal aggregatiof instantaneous utility at
time t (4) applying the rate of time preferengas the discount rate:

. i du a 9
G U :{ut[ Xt Yo (G+o) 18 dt with: 3. a_;>° a(qtru&)

The (present-value) Hamiltonian (6), the first ardptimality conditions (7) and (8), the
motion of the costates, (9) and (10), i.e. of thad®w prices), for experiencé; in
sector 1, and for Y of sector 2, and the transversality conditiong €irg:

6 H=uB P nOF 00 =

H = UX(Eo W), YWrEnw), (G + )] B P
+A1 (O H alx (& Wena)] —HLE } + Ax(t) [ bly(Wr, & ox)] — ity }

H_ aug ou) i @%)_
(") aq_o' (ax q aqj Mg =0

—dug du 9x du 0a _9x
7y A =ePiE— ith: d [% d z—[%
= (1) M= day wi Y=ox0q Taqg a" d@axq
Moo (2 1, @ab%qxj
®  5p~0: (Oy W awj A2 0 =
—d
— (8) A\y=6 ‘pmaﬁ” with: duy,= % a” gf'o and dp=3 b -

oH ° X —m ou i 6a
©  g=M E% P %X@p M3 jkzﬂﬁ j

OH_ 5 _0udX ol 0U e [6 ) [ﬁ@ j
(10) aw__)\Z _ax% )\1 )\2 oy llJ_u



) ImA®E)=0  and  lif\()@) =0

t_>OO

to oo

With an interpretation of the mathematical termsq@s. (7), (7), (8), and (8:

B,
ox q>o'

ou %x
oy >0:
du

oq°

du

aco <0:

i
e_p >0:

<0:

A1>0:
Ay>0:
aag_

x q> 0:
db

dy >0

marginal instantaneous utility from an increaseactor 1 production/consumption
due to more working time

marginal instantaneous utility from an increaseactor 2 production/consumption
due to more working time

dis-utility of less leisure time (due to more iog in sector 1)

dis-utility of less leisure time (due to more iog in sector 2)

discounting future utility & 'present value')

shadow price of sector 1 experience (with implicscounting of future utility)
shadow price (= costate) of sector 2 experience

marginal sector 1 learning due to additional vigkime

marginal sector 2 learning due to additional vigkime

The effects of an increase in working time (of aqujron learning are positive: ga0

and di,>0. Due to this positive intertemporal externality veorking & learning, a
negative momentary marginal utility of working ignémically optimal (dy<0 and
du,,<0). In contrast, a purely static optimisation aslege would imply marginal utility
at every moment instantaneously to be balancedjuge du,=0.

Using egs. (7') and (8'), the movement of the testéd) and (10) can be reformulated

N N
as growth rates of the shadow prickg, Q,) in order to reveal the net internal marginal

rates of return to both human capital stocksthe.rate of return to sector 1 experience

(rg) and to sector 2 experienchr(A hat M indicates a variable's growth rate.)

(12) fa——)\l— ;\)\1 = % aygij % Al%%x H

dug da, duwmlbzmiaq

€= dy, T dbgoy C9ETH

with: dy = ( % aygij 53—3% and d@Eg—S
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duwmwarduqme\pmward ~
—du, day [dlu, Ry —H

with: dyy = ( % aytng de@jJ [gL and dgzg—s W

The derivative of the optimality conditions (7) af@) with respect to time (usir)og&, ;\2

% anleJ) leads to differential equations for the two cohtrariables l.e. the working
time in both sectors as: (dq/étq q(E y,q,w) and (dddt) w= oa(E $,qw). In
combination with the motions of the state vanatﬂé:and qJ) the dynamics of the
economy are determined by a system of four diffemeaquations.

= quz

The first steps of this procedure are as followse Terivative of (7') and (8') with
respect to time lead to egs. (14) and (15). Eggtiowth rate5\\1 of the shadow price of
experience in sector 1 is determined by the grawth of marginal utility related to
changes in sector 1 working time g minus the groafthmarginal learning due to
changes of q (i.e.Aqlu— qu]). The growth raté\/\z of the shadow price of sector 2
experience is analogously determined based onrs&gtorking timew:

15)  Ap="gy ~dh, P = o= y—p

Combining (12) and (14) leads to a Ramsey rule ogyalf dynamically optimal
working in sector 1: an optimal decision on sedtovorking time g implies that the net
return to experiencé [LHS of (16)] has to cover the sum of the discotate and the
'shrinking rate' (i.e. negative growth rate) of giaal utility of working time [RHS of
(16)]. The decrease of marginal utility consistdhed decrease of momentary marginal
‘utility’ of worklng (—duq) extended by the growth rate of the marginal eéffemn
learning (da) The net rate of return to experiencg) (is based on three valuable
effects: <1> on learning in sector 1 related to wharginal sector 1 productivity of
experience (dg, <2> on a “cross-sectional” learning spill-ovetated to marginat-
productivity in the other sector (gl which has to be converted by the relatidg/{ 1),
and <3> on a direct marginal utility effect of expace (dg) due to more
production/consumption based on margixaroductivity in both sectors, corrected by a
discounting effect (_epﬁs in order to determine the present value of, @nd related by
the shadow price of sector 1 experierncg:(



i
)\2 e_p Cdlu I\ N
(16) daE+)\_1me +TEL_H = p_dLh+d‘5h =k

Combining (13) and (15) leads to an analogous ‘Rgmsle’ of dynamically optimal

working w in sector 2:
il
e—p

Ap [dly, AA
(17) dpr+)\—2map+ " —H = p-dy,+dh, =g

3. Cobb-Douglas production, logarithmic utility and dynamic optimisation

As a simple example, a Cobb-Douglas type versiopesfcapita production and log
utility is presented. Both sectors are symmetcatiodelled concerning production
elasticities and learning efficiency (time indeXi% omitted):

(18) x= q[&“ﬁp(H) (C.D.-type sector 1 p.c. production function)
— g (1-0) - a , :
(190 y=wi W (C.D.-type sector 2 per capita production)
(200 &=oX —pulg (p.c. learning by-doing in sector 1)
1) Y=oy —ply (change of sector 2 experience p.c.)
(22) 0= % (sectorl-to-sector2-experience ratio, "1-to-2-istifi)
S a (2-0) . .
23) = 6=0¢qB® —wd ] (change of 1-to-2-intensity)

with: o : production elasticity of experience in the sameter (0. a<1)
(1-a) : cross-sectoral production elasticity of expecie (as spill-over to the other sector)
@ : productivity parameter in the learning functigqr>Q)

The sum of elasticities of both accumulated factgrsassumed to be exactly one
[a+(1-a)=1]. This ensures non-diminishing returns to both horoapital stocks as a
necessary condition for sustained endogenous growth



A logarithmic instantaneous utility,uconcerning thenomentarychoice between leisure
time(1-g—wy) and consumption of both types of goodg ¥ and ateachpoint t in
time is assumedl:

20y U= [uEdt
0
. b b
with W =§[Ih(xt) +§[Ih(yt) + (1-b)On(1-g—wy) and Gb<1l
The Hamiltonian and the FOCs of our problem are:

@5 H= 2@ B ) + 2@z D7) + (1-b)In(1-g-c) 1E "

00 eaEm ™ —pE ]
Aot ] oo P —pm ]

6_H_ _ —p b-1 £ X
(26) aq—o =€ [gl—q—wJ’qu”‘léoq_ =

b gi-b)) e""
e =3 1E0)ES

27) 6_H=0 = e_pm[€ b-1 +£)+)\2é@ =

0w 1-g-w 2w ()
. _{b wiil-b)
&7 AZ_(Z_ 1—q—wj oy

The motions of the costates in the C.-D.-productilmg-utility example are:

0 P
o Mg, EZ w[ﬁ_@ ) B

o8 §

o el
0y M _Az:b@ é_& Aztﬁ_@_@

oy

3 Assuming a log-utility function avoids consumptisaturation, where productivity increases are
mainly utilised for an expansion of leisure timéws, for log-utility endogenous growth is not liedt
by the demand side. For a discussion of this prldé growth models allowing the choice between
leisure and consumption see Baldassarri/DeSantsz®mi (1994) and Gocke (2002).



Via the costate motions (28) and (29) the margiredl rate of return to both sector's
human capital grand ) can be calculated, and reformulated using the-2-intensity

B=(&/W):

20 [{1-b) (1—a) [o+a 4]
§[2g-bg-b+bld)

_ 2[00 [{1-b)((1—a) lo+ald]
6 2g—bE—b+b @)

A
(30) rE = —)\1

s .= = 20VHI-D)IA-a)grale]

G =742 = Ty Re-big-b+bm)
2B q1-b) [(1—o) G+ a6y
B 20-bGo-b+b -

>>

The higher the rate of return to experience, trghdn is the production in a sector,
related to experience in the same sector's pragué¢xi€ and yip) and the lower is the
level of experience in a sector in relation to ligvel of experience of the other sector.
Thus, a higher 1-to-2-intesin§results c.p. in a loweg rand a higheryy. Note that the
rates of return are determined by the inter&iaynd not by the levels @fandy.

Taking the derivative with respect to time of tlustates X; andA,) as calculated based
on the optimality conditions (26") and (27") leachtsecond expression for the motion of
each shadow price and for both rates of return:

1 il 5
(32) dt E)\_ Bk
(b 2G-bdo (1) (1-a) q _g+a
=p—pu+ 2q—bit— bbb’ +0 (o [pLd+6 [ﬂl—a)lzpmo+q—1_q_w
Ao =1 A, A
HA2 _N2 _ _
G Tt K,Th, T M
_ (b=2)6o-bld _ (1-a) (a-1) ® _g+G
- p_“+20)—bELo—b+bm|+e [ [pleo+6™ I(1-a) lzpmﬁoo_l—q—w

Combining (30) with (32) and (31) with (33) — araihee algebra — leads to 3 differential
equations which completely determine the dynamicthe system. The dynamics of
state of the system are summarised by the inteéeﬁmt,cot), and the optimal motion
of both working times as the control variablééetnnt,wt) and (i)(et,qt,wt). Since the
explicit results are too extensive, a represemaﬁba and @ is skipped (see the
Appendix).
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The steady state under endogenous growth is ckassrt by a constant (non-zero)
growth rate of both stock& and ), by a constant intensity, and by constant control
ratios. Thus, the conditions of a steady state armeonstant 1-to-2-intensitp4; with
§=O), and constant working timesg{qvith E|=O, andwsg; with (i)=0). The use of these
conditions leads to a steady state 1-to-2-intensitgxactly one and to an identical
steady state working time in both sectors (as aegumence of the symmetric model
structure):

(34) 6=0 0 =0 O G=0
_ _ 1 p 1 1 L p _Q
= 65=1 and g=wy= 4~ z[ﬂﬂp 25\/4 bgp bzlzpz ®

From (20) é';md (21) the growth rate of the expemestock in sector 1 and 2 is:
1), (1 -1
(35) EE% = g -1 = omE R -y = e -y

A 1 -1 1
(39) wzﬂf = g -h = Q" - = oo™y
From (18) and (19) the growth rate of the producflow in both sectors is:

37) X =a+aﬂﬁ + (H)DITJ
=t ampE @ + (1-o) o™ —p

(38) Y= or+(1-0)E +ali
= oo+ (1-a) B + ampreod™ ™™ —p

With ggi=wy; O5=1, %St:&ﬁ:o from (35), (36), (37) and (38) a common steadyest
growth rate of production flows and experience dgitock results in the long-run:

(39) Xst—a[@msﬁ (1-0)pldogt — U = Plilg— M = QLoog— | = ySt Est—LUst
= Xst’yst>0 if Cyp00st>

A positive endogenous growth Wif\gthStzlé\st: l/j\J5>0 results if the net rate of return
to both human capital stocks in the long-run stalgsve the (discount) rate of time
preferencep, since in this case the positive incentive to wiorlorder to accumulate
experience remains. From (32) and using¥p a condition equivalent to (39)
follows:
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N N N N
(40) rgg=p-HTQUs>p - qst’wst>}(£p = Xt=Yst=&st=Ws>0

By applying g s> p to (30) this leads to:

2[Q[1-b) G5
(41) Mz ot=1 = -—
&,st™ 'y,st @ st—b)

A combination of (40) and (41) leads to the follagricondition for positive long-run
growth:

2up+u
(42) (P>(R:rit:—}i)jé£_+}:172

Thus, a high learning-productivity parameger @, ensures in the long-run a net rate
of return to experience above the discounting pand thus an incentive to work long
in order to accumulate more experience as a preiegjdfor positive growth. This
necessary/critical level of the learning produtyivbarameteng.,i; is the higher, the
higher is the depreciatiom on experience, the higher is the rate of timegvesfcep,
and the lower is the weighting b of consumptionagaesp. the higher is the weight of
leisure (1-b), in the utility function.

Local stability surroundlng the steady state of émtire system, set up by the three
differential equatlons,qo ande can be analysed by means of the characterisits af
the coefficient matrix of a first order Taylor exyg@on around the steady state. If
adequate parameter values are chosen (e.g. exgludinounded utility), the system
shows one eigenvalue with a negative real partrésponding to the predetermined
variable 8) and two eigenvalues with a positive real partlafezl to both jump
variables/controls g andy). Since a typical optimal control problem with imfe
horizon is analysed we observe saddle path stabilit

4. A numerical simulation

The parameters for the numerical example @#el/5; b=1/2; p=1/10; u=1/20,
a=3/4. The simulation was calculated with two alternatimitial points on the saddle
path: trajectory [A], starting witl®(t=0)=0.01 at a 1 percent level of the steady state
intensity 8,=1; and trajectory [B], withB(t=0)=1.99 starting from above the steady
state intensity. Finding initial points on the skeddath was done by using the time-
elimination-method (see Barro & Sala-i-Martin, 19%p. 490 f.); for simulation the
software MhPLE was used. The stable saddle path is depictedjinlFas a trajectory for
40 periods (t=0,..,40) in th®,q,w)-space converging to the steady state point.
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Fig. 1: Stable saddle path

0.8

0.6

steady

state &40

“ot=0

04l t=40 / [A]
027 o K
¢ O[B] Pz
0 /

Steady stateB; = 1 and g, = (W, = 0.30902 £ 1-0,~U),=0.38197);
trajectory [A]:0(t=0) = 0.01 = q(t=0) = 0.50548 Xt=0) = 0.18044 = 1-g-(t=0) = 0.31408;
trajectory [B]:@(t=0) = 1.99 = q(t=0) = 0.28548 W)t=0) = 0.33438 = 1-g-«(t=0) = 0.38014.

Fig. 2: Time paths of 1-to-2-intensiy of working time in sector 1 and 2, q asndand
of leisure time (1—qe) for trajectory [A]

0.6 1
R
st (working in
05+ sector 1)
9 o
0.8 1 (leisure time)
041 1-g, -0y

0317 G =ex ——

(working in
sector 2)
0.1+
t
0 10 20 30 40

The dynamics are in Fig. 2 and Fig. 3 explicitlystrated for trajectory [A] of the stable
saddle path, with a relatively low level of expede in sector 16(t=0) = 0.01. l.e.
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sector 1 can be interpreted as an emerging (‘reaetpr with relatively scarce sectoral
experience, and sector 2 is a traditional (‘oldgter with 'a lot of experience. The
dynamics of the rati®=(¢/) dominates the dynamics of the entire system. s e
(30), (31), (32), and (33) demonstrate, the mafgiage of return to both sector's
experience capital is determined by the 1-to-2nsity 8. For a low ratiod<1 the rate
of return g to (relatively scarce) experience in sector light(and above the steady
state rate of returny, while the rate of return to experience in se@roduction (; is
low (and below ). In the long run, a process of arbitrage is irmdlby dynamically
optimal working time decisions, leading to a higlggowth in sector 1 production
compared to sector 2, which implies an increaskpegence intensit§), and leading to
a convergence of both rates of return to the s&awe k; (as an 'interest parity’) of the
two types of experience capital. Since even inldmg run, the rate of return to both
accumulated factors is above utility discounting wime preference {~=0.1180 >
p=0.1), an incentive to accumulate experience viakimgrlong remains and, thus, an
endogenous growth with a positive common steadg sfawth rateAQg = S\lst = Qst = l/]\J

st = 0.0118 results. The dynamics of the sectoral working siroan be explained based
on both rates of return. Since the return on erpes g in sector 1 is initially high (due
to a low ratio8=¢&/y) working in sector 1 is more profitable, due tae timplicit
accumulation of the relatively scarce sector 1 grepeeé. Because of the high growth
rate of production inAsector 1, the scarcity¢ds reduced ands rconverges togf. The
very high growth raté of experience in the emerging/'new' sector 1 ésgburce of a
high grovvthQ in this sector, however, due to a spill-over as texperience growth to
the traditional/'old" sector during the period apid sector 1 growth, even sector 2
growth is above the common steady state growth Q@tq he initially high sector 1
return g leads to a high share of overall working timed®and, consequently, to a low
level of leisure time (1-@»), which later increases during the convergenceatds/
steady state.
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Fig. 3: Time paths of growth rate of productionsettor specific experience growth,
and of the rates of return in both sectors
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Steady state: = st = &st = Wst = 0.01180; £=0.11180.

In our simple setting there is no constraint oftsig labour time to the 'new' sector 1
with its high learning potential due to the lowééwf &-experience. This is of course an
extreme assumption about the intersectoral flagbih the employment of labour.

Thus, limitations of the number of working placessector 1 or the costs of changing
the intersectoral production structure, e.g. dueatbmited endowment with sector
specific machines are neglected.

5. Conclusion

A macroeconomic growth model based on two prodoctsectors with sectoral
learning-by-doing is presented. An experience culvealogy is applied, i.e.
accumulation of sector specific human capital issoeed by means of a sector's output
aggregated over time. The growth of the economgyoistrolled by the dynamically
optimal decision on working versus leisure timej an the distribution of working time
between both production sectors. Utility is basedonsumption of the goods produced
in both sectors and on leisure time. Including filtere effects of higher productivity
due to learning-by-doing, i.e. accumulation of exg®ce due to working, c.p. increases
the dynamically optimal working time on the costdeisure. The long-run steady state
growth as well as the transitional dynamics areairiby the marginal rates of return to
human capital (experience) in the two sectors. &lsestor-specific rates of return are
determined by the relative size of both experiestecks, i.e. by the rati® of
experience in sector 1 relative to experience ictose2. If e.g. the sector 1 is an
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emerging (‘'new") sector with a relatively low expece stock compared to a traditional
(‘'old") sector 2, the partial marginal return tgesience in sector 1 is above its long run
steady state level. This high marginal rate of rreteflects an extra incentive to shift
labour and to increase production in the 'new'sseat order to learn and accumulate
the relatively scare (and thus productive) typeewperience of the emerging sector.
Consequently, time usage is shifted in favour ofkivg in the 'modern’ sector (while
labour dedicated to the 'old' sector and leisurne tis reduced). During this transitional
process the 'new' sector's output growth rate avealthe long run steady state growth
level. Due to a spill-over of the rapid human calpgiccumulation in the 'new' sector to
the other sector, even the 'old/traditional’ sentay experience growth rates above the
steady state level. These processes may represamdtions after important
technological innovations were broadly disseminatednding new/emerging sectors in
the economy (e.g., as the starting point of indaiggation, the introduction of the steam
machine, or as a modern example, the increasingalgrece of digital communication
and information technology). In these circumstanaegapid) shift of the workforce
towards the new sector and a rapid learning ofnine technology are the base of an
exceptionally high transitional output growth ofetlvhole economy. Of course, the
simple set up of our model with (sectoral) learnasy the sole source of growth is
unrealistic in order to describe the entire grodyimamics. Especially the omission of
real capital accumulation via saving and investmanthe 'new/modern’ sector is a
shortcoming. An explicit inclusion of a creation w@forkplaces with a sufficient
endowment of sector specific real capital/machasea prerequisite of structural change
will result in a setting where economic growth ati speed of change towards
'new/modern’ sectors may be slowed down compareditenodel, where there are no
limits of shifting resources (working time) betwessctors.
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Appendix:
MAPLE-Output for the optimal motion of both working tisias the control variables,

(61, ) andax(B, G ).
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