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Résumé

Nous considérons un pays en voie de développement comportant trois secteurs : biens
de consommation, nouvelle technologie et éducation. La productivité du secteur des biens
de consommation dépend de la nouvelle technologie et la main-d’oeuvre qualifiée utilisée
pour la production de cette technologie. Nous montrons qu’il peut y avoir trois phases
dans le processus de croissance économique. Dans la premiere phase, le pays se concentre
sur la production des biens de consommation ; dans la deuxiéme phase, il nécessite que le
pays importe du capital physique pour produire des biens de consommation et du capital
de la nouvelle technologie pour produire aussi de la nouvelle technologie ; et finalement,
la derniere phase est celle ou le pays a besoin d’investir en plus dans la formation et
I’éducation de la main-d’oeuvre qualifiée.

Mots clés: Modele de croissance optimale, capital de la nouvelle technologie, capital
humain, pays en voie de développement.

Abstract

We consider a developing country with three sectors in economy : consumption goods,
new technology and education. Productivity of the consumption goods sector depends
on new technology and skilled labor used for production of the new technology. We show
that there might be three stages in the process of economic growth. In the first stage
the country concentrates on production of consumption goods ; in the second stage it
requires the country to import both physical capital to produce consumption goods and
new technology capital to produce new technology ; and finally, the last stage is one
where the country needs, additionally to investment activities in the previous stage, to
invest in the training and education of high skilled labor.

Keywords: Optimal growth model, new technology capital, human capital, developing
country.

JEL Classification: D51, E13.

*Centre d’Economie de la Sorbonne, Université Paris-1 Panthéon-Sorbonne, 106-112 boule-
vard de I'Hépital, 75647 Paris Cedex 13, France ; E-mail adress: levan@univ-parisl.fr,
manh-hung.nguyen@malix.univ-parisl.fr

TCEPN, Université Paris 13 ; E-mail adress: 1tbao@softhome.net



1 Introduction

Technology and adoption of technology have been important subjects of re-
search in the literature of economic growth in recent years. Sources of technical
progress might be domestic or/and international though there always exists
believes amongst economic professionals that there is an important difference
between developed and developing countries, i.e. the first one innovates and
exports technology while the second one imports and copies. For developing
countries, the adoption of technology from international market is vital since
it might be the only way for them to improve their productivity growth and
technical progress (Romer [1997, 1990]). But it is even more important to stress
that these countries also need to care about their human capital (Lucas [1988])
which might be the key factor that determines whether a country, given their
level of development, can take off or might fall into poverty trap.

This line of argument comes from the fact that the developing countries
today are facing a dilemma of whether to invest in physical, technological, and
human capital. As abundantly showed in literature (e.g. Barro [1997], Barro
& Sala-i-Martin [1995], Eaton & Kortum [2000], Keller [2001], Kumar [2003],
Kim & Lau [1994], Lau & Park [2003]) developing countries are not convergent
in their growth paths and in order to move closer to the world income level, a
country needs to have a certain level in capital accumulation.

In their recent work, Bruno et al. [2006] point out the conditions under
which a developing country can optimally decide to either concentrate their
whole resources on physical capital accumulation or spend a portion of their
national wealth to import technological capital. These conditions are related
to the nation’s stage of development which consists of level of wealth and en-
dowment of human capital and thresholds at which the nation might switch
to another stage of development. However, in their model, the role of educa-
tion that contributes to accumulation of human capital and effectively use of
technological capital is not fully explored.

In this paper we extend their model by introducing an educational sector
with which the developing country would invest in to train more skilled labor.
We show that the country once reaches a critical value of wealth will have to
consider the import of new technology. At this point, the country can either
go on with its existing production technology or improve it by purchasing new
technology capital in order to produce new technology. But when the level of
wealth passes this value it is always optimal for the country to use new technol-
ogy which requires high skilled workers. We show further that with possibility
of investment in human capital and given "good" conditions on the qualities of
the new technology, production process, and/or the number of skilled workers



there exists alternatives for the country either to purchase new technology and
spend money in training high skilled labor or only purchase new technology but
not to spend on formation of labor. Following this direction, we can determine
the level of wealth at which the decision to invest in training and education
has to be made. In this context, we can show that the critical value of wealth
is inversely related to productivity of the new technology sector, number of
skilled workers, and indicator of the impact of the new technology sector on
the consumption goods sector but proportionally related to price of the new
technology capital. In the whole, the paper allows us to show the optimal share
of the country’s investment in physical capital, new technology capital and hu-
man capital formation in the long-run growth path. This subsequently has an
important economic implication: the richer a country gets the more money will
be invested in new technology and training and education so that the higher
ratio of total new technology capital and human capital to physical capital is
expected. We emphasize that the economy, in this case, will grow without
bound.

The paper is organized as follows. Section 2 is for the presentation of one
period model. Section 3 deals with dynamic properties with infinitely lived

representative consumer.

2 The one period model

Consider an economy where exists three sectors: domestic sector which produces
an aggregate good Yy, new technology sector with output Y, and education
sector characterized by a function h(7") where T is the expenditure on training
and education. The output Y. is used by domestic sector to increase its total
productivity. The production functions of two sectors are Cobb-Douglas, i.e,
Yy = ®(Y )KL and Y, = A K<Ll where ®(.) is a non decreasing
function which satisfies ®(0) = z¢9 > 0, K4, K¢, L4, Le and A, be the physical
capital, the technological capital, the low-skilled labor, the high-skilled labor
and the total productivity, respectively, 0 < ag < 1,0 < ae < 1.

We assume that this country imports capital good, the price of which is
considered as numeraire. The price of the new technology sector is higher and
equal to A such that A > 1. Assume that labor mobility between sectors is
impossible and wages are exogenous.

Let S be available amount of money denoted to the capital goods purchase.
We have:

Kq+ MK, +prT = S.

For simplicity, we assume pr = 1, or in other words 7" is measured in capital
goods.



Thus, the budget constraint of the economy can be written as follows
Kg+ M K. +T =S5

where S be the value of wealth of the country in terms of consumption goods.
The social planner maximizes the following program

max Yy = max @(l@)KgdLil*ad

subject to

Y, = AKS LI,
Kij+ MK +T =5,
0< L. < L:W(T),
0<Lg<Lh

where h is the education technology.
Assume that h(.) is an increasing concave function and h(0) = hg > 0. Let

A={0,p):0€[0,1],p€0,1],0 +p <1}
From the budget constraint, we can define (6, 1) € A:
MK =60S | Kg=(1—0—p)S and T = uS.

Observe that since the objective function is strictly increasing, at the opti-
mum, the constraints will be binding. Let L. = L}h, Ly = L}, then we have
the following problem

D(ref S*h(uS) =) (1 — 0 — )2 S L5,
e (r (1S) %) 14) d

where 7. = 5a% Lxl—ae,
Let

lre, 0,1, ) = (o0 S () =) (1 = 0 — )™ L=,
The problem now is equivalent to

max Y(re, 0, 1, .5). P
(7, 0,11.5) (®)
Since the function 1) is continuous in 6 and p, there will exist optimal solutions.
Denote

F(re, S) = (gr%?gAw(reﬁ,u, S).



Then by Maximum Theorem, F' is continuous and F(re, S) > oL} .
Suppose that function ®(x) is a constant in an initial phase and increasing
linear afterwards:

B(z) = zo if <X
| wotalz—X)ifz> X,a>0.

Define
B={S>0:F(re,S) = xo L ~*},

Lemma 1 B is a nonempty compact set.

Proof: B is a nonempty since 0 € B. Of course B is closed since the function
F' is continuous. Let us prove that B is bounded. If not, take a sequence S™ in
B and converging to +o0o when n — +oo. Fix some (0, i) € A. Since {S™}
€ B, we have

P(re, 0o, 119, S™) < F(re, S™) = a:OL’:ll*O‘d.

Let n — +o00 then
w(TGaGO’M07Sn) — +00.

A contradiction. Therefore, B is bounded. m

Remark 1 Observe that for any (0,p) € A, (re,0,1,5) > a:oLzlfad. If

the optimal value for 0 equals O then the one for p is also 0 and F(re,S) =
*1—ay

.’130Ld .

The following proposition shows that if S is small, then the country will
not invest in new technology and human capital. When S' is large, then it will
invest in new technology.

Proposition 1 i) There exists S > 0 such that if S < S then 8 =0 and pu = 0.
ii) There exists S such that if S > S then 6 >0 .

Proof: For any S, denote by 0(S), u(S) the corresponding optimal values for
0 and p.
(i) Let S satisfies
reS h(8) 7 = X,

Then for any (6, u) € A, for any S < S,
0% S h(pnS) 7% < X

and (6(5), u(5)) = (0,0).



(ii) Fix p = 0 and ¢ € (0,1). Then %(r¢,0,0,5) — +oo when S — +oc.
Let S satisfy ¢(re,0,0,5) > :L‘oLzlfad. Obviously, F(re,S) > ¥(r.,0,0,5) >
xOLfll_o‘d, and 0(S) > 0. If not, then u(S) = 0 and F(r.,S) = :UOLZ]‘_% (see
Remark 1). =

Now, let us define
S¢=max{S>0:S5 e B}.
It is obvious that 0 < S¢ < 400, since S¢ > S > 0 and B is compact.

Proposition 2 If S < S¢ then 0(S) = 0 and pu(S) = 0, and if S > S¢ then
0(S)>0.

Proof: Note that for any S > 0 we have
F(re,8) > L5,
If S < S€ then for any (0, ) € A,

¢(7’e7 97 /’La S) S w(r& 97 ,LL, SC)
which implies
F(re,8) < F(re, S¢) = wo L 4.
Thus,
F(re,8) = L} ",

Let Sp < S Assume there exists two optimal values for (6, ) which are (0,0)
and (0o, ig) with g > 0. We have F(r.,Sp) = xoLzl_ad = (re, 0o, 1o, So)-
We must have r.05°S5¢h(1ySo) =% > X (if not, ®(re, 0o, g, 5) = xo and
90 = 0, Ho = 0)

Since 0 > 0, we have 705 (S)h(1gSo) =% > reg° S5 h(pgSo) = > X.
Hence

xOLzl_ad = F(T‘@, SC) > Q/J(Te,GOa Mo SC)
> w(rme()v Ko SO) = xOLzliad

which is a contradiction.
Therefore, if S > S¢ then

F(re,S) > xoL:ll*ad

which implies 6(S) > 0. m



Remark 2 When S = S¢, there will be two optimal values for 0. One is zero,
the other one is 8¢ > 0. The later is determined by

c c c « *1—q
Ve, 0°,0,5%) = max (B(re,,0,5°)(1 )L~}

Indeed, we have

2o L5 T = 1p(r,,0,0,8%) < (e, 6°,0,5°)
F(re, 8¢) = oL,

IN

Proposition 3 If h'(0) = +oo, then for all S > S¢, we have 8(S) > 0, u(S) >
0.

Proof: Take S > S¢ From the previous proposition, #(S) > 0. Assume
1(S) = 0. For short, denote 0% = (.5). Define

FO(re, 5,6%,0) = max (re, 0,0, ) = ®(ref™*S*h(0)' =) (1 — ) L3,
and consider a feasible couple (0, 1) in A which satisfies 6* = 6 + p. Denote
F'(re, 8,0, 1) = (re6 5% h(uS) ~)(1 — %) L5 =,

We then have
F)(re, 8.0, 1) — F(re, S.60%,0) _
(1—0*)ea sl
D(re S h(pS) =) — ®(red** S h(0)' )
= 7SO0 h(pS) Y — 05 h(uS) T 4+ 0% h(uS) % — 6 h(0)! ).

By the concavity of h(x) and f(z) = x“, we obtain

FY(re, 8,0, 1) — F°(re, S,0%,0) >
reS% ph(pS) [ — aeh(nS) (6% — )™ + S(1 — ae)* b (1))

Let ;o — 0. We have h'(11S) — +00. The expression in the brackets will converge
to +00, and we get a contradiction with the optimality of 6*. m

Proposition 4 Assume
' (0) < +oo,

Then there exists SM such that u(S) > 0,0(S) > 0 for every S > SM.



Proof: Assume that p(S) = 0 for any S > S¢. For short, denote 0 = 6(S5).
Then we have the following FOC:

areﬂo‘e_lso‘eh(())l_o‘eae g (1)
To + a[ref* Sach(0)1-e — X] 1 -6’

and

are0® SR (0)h(0) % (1 — av) < _Qd @)
zo + a[refveSeeh(0)l= — X] — 1-6
Equation (1) implies

areGO‘flh(O)l*aeae oy

G2+ afrefh(0)1 -] T 16 3)

If & — 0 when S — +o0, then the LHS of inequality (3) converges to infinity
while the RHS converges to ag: a contradiction. Thus 6 will be bounded away
from 0 when S goes to infinity.

Combining equality (1) and inequality (2) we get

R'(0)(1 — ae)S < hoaed™ . (4)

When S — 400, we have a contradiction since the LHS of (4) will go to infinity
while the RHS will be bounded from above. That means there exists S, such
that for any S > Sys, we have p(S) > 0. =

Proposition 5 Assume h'(0) < +o0o. There exists S™ > S¢ such that u(S) =
0,6(5) > 0 for S € (5¢,5™].

Proof: For short, we denote p and 6 instead of u(S) and 6(S). Assume p >0
for all § > S¢. We have the FOC:
areé?ae*lSaeh(uS)lfaeae B oy
To + a[ref* Sech(uS)- — X 1—0—pu’

()

and

are02e SO (uS)h(pS) (1 —ae) g (©)
To + a[ref* Seeh(uS)t- — X 1—-0—p

Equality (5) is the FOC with respect to 0, equality (6) corresponds to u. Di-
viding equality (6) by equality (5) we get

(1 — ae)h'(uS)S = h(uS)a0~t. (7)

Letting S converge to S¢, we have § — 0, u — 0 and obtain a contradiction,
since the LHS of equality (7) converges to (1 — a.)h’(0)S¢ while the RHS con-
verges to infinity. Therefore, equality (6) must be replaced by an inequality for
S closed to S¢. That means p = 0 for any S close to S¢. =



Proposition 6 Assume h'(0) < +oo. Let S' > S¢. If u(S') = 0, then for
S% < St we also have u(S?) = 0.

Proof: If S? < S¢ then u(S?) = 0 since §(S?) = 0 (see Proposition 2). For
short, we write 01 = 0(SY), 02 = 0(S?), py = u(SY), py = p(S?).

Observe that (61, S") satisfy (1) and (2), or equivalently (1) and (4). Equal-
ity (1) can be written as

_ _ ag(xg — aX
ho e areloed ™ — (ae + ag)05e] = %- (8)

If 2g —aX = 0, then 61 = o +a . Take 03 = 6;. If S? < S! then (62, S?) satisfy
(1) and (4). That means they satisfy the FOC with u, = 0.

Observe that the LHS of equation (8) is a decreasing function in ;. Hence
01 is uniquely determined.

When x¢ > aX, if (03, 5?) satisfy (8), with S% < S!, then 5 < 01. In this
case, (02, 5?) also satisfy (4), and we have p, = 0.

When zy < aX, write equation (8) as:

Ozd(xo — aX)

hé*aeaﬂae [aeel_l — (ae + ad)] - (9151)0‘5 . (9>

If (02, S?) satisfy (8), with S2 < S!, then 63 > 0. Since zg < aX, from (9), we
have 0252 < 0151, Again (02, S?) satisfy (8) and (4). That implies py = 0. =

>From Proposition 6, we have as corollary, the following proposition.

Proposition 7 Assume h'(0) < +oco. Then there exists S > S¢ such that:
(i) S <8 = u(S) =0,
(i) S > 8 = pu(S) > 0.

Proof: Let
S =max{Sm, : Sy > S, and S < Sy, = u(S) = 0},

and

= inf{SM Sy > SC, and S > Sy = ,LL(S) > O}.

>From Propositions 4 and 5, the sets { Sy, : Sy, > S¢, and S < Sy, = u(S) =
0} and {Sy : Su > 5S¢ and S > Sy = p(S) > 0} are not empty. From
Proposition 6, we have S >S5 If S > S, then take S € (§ g) From the
definitions of S and S, there exist S; < S, 52 > § such that p(S1) > 0 and

1(S2) = 0. But that contradicts Proposition 6. Hence § = §. Put § = § = §
and conclude. m



*(l—ae)
Let us recall r, = % where A, is the productivity of the new tech-

nology sector, A is the price of the new technology capital and L7 is the number
of skilled workers.

Recall also the productivity function of the consumption goods sector ®(z) =
xo + a(x — X) if x > X. The parameter a > 0 is an indicator of the impact
of the new technology product x on the this productivity. We will show in the
following proposition that the critical value S¢ diminishes when 7, increases,
i.e. when the productivity A, and/or the number of skilled workers increase,
and /or the price of the new technology capital A decreases, and /or the impact
indicator a increases.

Proposition 8 Assume h(z) = ho + bz, with b > 0 . Let ¢ = 0(S°), p° =
w(S€). Then

(i) p© =0, 6° does not depend on a and Te.

(ii) S€¢ decreases if a or/and re increases.

Proof: >From Proposition 7, we have ¢ = 0. In this case, #° and S¢ satisfy
equation (5) and, since S¢ € B, we also have F(r.,S¢) = ¢(r,0°0,5°) =

(E()L:;liad.
Explicitly, we have
are(0°)xe=1(5e) e h(l)_aeae g
xo + afre () (SC)O‘Eh(l)_O‘e -X] 1-0°
and

(zo + a[re(HC)ae(Sc)aehé*ae — X)(1 =69 =z (10)
Tedious computations show that 6° satisfies the equation

To — aX

ae[l (1—0)2"] = 0(ag + )

Zo
If g > aX, then the LHS is a strictly concave function which increases from
% when 6 = 0 to o, when 0 = 1. The RHS is linear increasing, equal to 0 at
the origin and to ag + o, when § = 1. Therefore, there exists a unique solution

6 e (0,1).

If xg < aX, then the LHS is a strictly convex function which decreases from
% when 6 = 0 to a, when 6 = 1. The RHS is linear increasing, equal to 0 at
the origin and to ag + a. when # = 1. Therefore, there exists a unique solution
6 (0,1).

If 9 = aX, then ¢ = —9%=——

aetag”
In any case, #° does not depend on a and r.

Equation (10) gives:

C\Qle __ T 1 _ a .
are(S)% = | 0(7(1 — gy 1) + aX] GRS (11)

10



We see immediatly that S¢ is a decreasing function in ¢ and r.. m

The following proposition shows that the optimal shares 6, i converge when
S goes to infinity and the ratio between physical capital and the total of new
technology capital and the amount devoted to human capital formation de-
creases when S increases.

Proposition 9 Assume h(z) = ho + bz, with b > 0. Then the optimal shares
0(S), 1u(S) converge to Oso, pio, when S converges to +o0c0. Consider S in Propo-
sition 7. Then

(i) If vo < aX, 0(S) increases from 0° to 0= 9(:9\) when S goes from S° to
S.The sum 0(S) + u(S) increases when S increases from S¢ to S.

(ii) If zo > aX, 0(S) decreases from 0° to 0= 0(S) when S goes from S to
S.The sum 0(S) + u(S) decreases when S increases from S¢ to S.

(iii)If are is large enough, 0(S) decreases from 0 to s = lizd when S
increases from S to +00. The sum 0(S) + u(S) increases with S for S > S.

Proof: For short, write 6, 1 instead of 6(S), u(S). Consider S in Proposition
7. When S < S¢ we have § = 0,u = 0. When S¢ < § < §, then 4 = 0
(Proposition 7). But 6 satisfies equation (1) which can be written as

agq(zo — aX)

are0® " h(0) " ae = Sae

+ (g + ae)are8% h(0)1 =%,

The LHS is a decreasing function while the RHS is increasing. It is easy to
check that the unique solution exists and is in (0, 1). Differentiate with respect
to S to see that # increases with S if ¢y > aX and decreases with S if ¢y < aX.
When zg = aX, we obtain § = ﬁéj‘ Thus the sum 6 + 1 increases with S
when S € (¢, S) if 2o > aX and decreases if zg < aX.

Now consider the case where S > S. Then (0, 1) satisfy equations (5) and (7)
which can be written as follows:

Qe

ag(zo —aX)ae™

0o+ o) = —aep-+ o — e (12)
and oo
O(1 — cve) = eps + 7S (13)
We obtain
01+ ag) = fo, - A= aX)ac L Jodey (1)
and 1 ho
"= e(a—e 1) =33

11



Thus

1 [1_% (g — aX)oe | aq ho
1+ oy e areS(1 — o) e pl—ce 14+ agbS’

0+p=

If 9 > aX, then 6 + p increases with S. If 9 < aX, then when ar. is large
enough, then 6 4 p is an increasing function in S.

It is obvious to see that € decreases with S (equation (14)) if 29 < aX, or if
are is large, when xg > aX.

When S converges to 400, then 6 converges to 0 = 5% and p converges to

+aqg
Ly = 1—ce
o T+ag”

3 The Dynamic Model

In this section, we consider an economy with one infinitely lived representative
consumer who has an intertemporal utility function with discount factor g < 1.
At each period, her savings will be used to import physical capital or/and new
technology capital and/or to invest in human capital. We suppose the capital
depreciation rate equals 1.

The social planner will solve the following dynamic growth model

max Z Bu(cy)
=0

st cot St < (Ve KLy,
Yor = AcKJ{LL,%
Kot +AKey + T = Sy,
0< Let < Lgh(T1),0 < Lay < Ly

the initial resource Sy is given.

The problem is equivalent to

max Z Blu(ct)
t=0
s.t ct + St+1 < H(T‘e, St),Vt,

with
H(re,S) = F(re, 5)S%.

where 7, = /\%’gL:}f%. Obviously, H(re,.) is continuous, strictly increasing and
H(re,0) = 0.
As in the previous section, we shall use S¢ defined as follows:

S¢ =max{S > 0: F(r,S) = zo L'~}

12



where

F(re,St) = w(TG,Gt,ﬂt,St).

max
0<0,<1,0<p,<1

We shall make standard assumptions on the function v under consideration.

H2. The utility function w is strictly concave, strictly increasing and satisfies
the Inada condition: u'(0) = +o0,u(0) = 0.

At the optimum, the constraints will be binding, the initial program is
equivalent to the following problem

max y  Su(H (re, St) = Sit1)
t=0

s.t 0 < St+1 < H(T‘e, St),Vt
So > 0 given.

By the same arguments as in Bruno et al. [2005], we have the following property

Proposition 10 i) Every optimal path is monotonic

ii) Every optimal trajectory (Sy) from Sy can not converge to 0.

Let denote 05, iy be the optimal capital shares among technological capital
stock and expenditure on training,

AKZy = 0,757 and T} = pi St
We then obtain the main result of this paper:

Proposition 11 Assume h(z) = hg + bz, with b > 0 and ae +ag > 1. If a
or/and re are large enough then the optimal path { S} }+=1 +00 converges to 4+o00
when t goes to infinity. Hence:

(i) there exists Ty such that

9; >0Vt>1Ty
(ii) there exists To > Ty such that
0f >0 ,uf >0, Vt >1T5

The sum 0F + uy increases when t goes to infinity and converges to a value less
than 1.

Proof: Let S° be defined by

ag(§%) Lz LE1 0 = %. (1)

13



If Sy > S (S is defined in Proposition 7) then 6 > 0, u} > 0 for every t.
If Sp > S€ then 07 > 0 for every t. If S} converges to infinity, then there exists
Ty where 57, > S and 0y >0, puf > 0 for every t > Th.
Now consider the case where 0 < Sy < S¢. Obviously, 65 = 0. It is easy to see
that if @ or/and r. are large then S¢ < S*®. If for any ¢, we have 0 = 0, we also
have K7, = 0 V¢, and the optimal path (S;) will converge to S* (see Le Van
and Dana [2003]). But, we have S¢ < S*. Hence the optimal path {S}} will be
non decreasing and will pass over S¢ after some date 77 and hence 6f > 0 when
t>Ty.
If the optimal path {S}} converges to infinity, then after some date Ty, S} > S
for any ¢ > T and 0 > 0, uy > 0.

It remains to prove that the optimal path converges to infinity if a or/and
re are large enough.

Since the utility function u satisfies the Inada condition u/(0) = +oo, we
have Euler equation:

!

u (c;) = Pu (ciy1)Hy(re, Sia)-
If Sf — S < oo, then ¢ — & > 0. From Euler equation, we get

1
5

We will show that H.,(r.,S) > % for nay S > S¢. We have

H;(re,g) =

H.(re,S) = F.(re,5)5% + agF(re, S)S% !
> F.(re,S5)5%.

From the envelope theorem we get:

Fl(re,8)S% =

[are0* (R*(uS)) ™ (aeh(*S) + (1 — ae)p* SK (p* ) ) S*at e 1]
X lel*ad(l — o — M*)ad

When ar is large, from Proposition 9, we have 6* > 0 = min{6° 6} and
0* 4+ ¥ < ¢ = max{#°, 00 + j1o,}. We then obtain

H;('f’ea S) > L:;l*ad<1 —0* — M*)ad [CLTeQ*ae (h*(us))lfaeaesafraefl]
> L = Ty far g (1 (0) 0 (57)7 )

since h(x) > h(0) and ag + a. —1 > 0.
If g + . = 1, then

H,(re,S) = Ly ~"(1 = ¢)*[are8™ (h*(0)' " ax], (15)
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and when ar. becomes very large, the RHS of inequality (15) will be larger than
1

B.
Now assume a4+, > 1. From equation (11), the quantity ar.(S¢)% equals

1 1
V= [wo(m - 1) +@$]W

and

oL
S¢ = ac |
()
We now have
adfl

H,(re,S) > L1 = €)%40% (h*(0)) " crery(—L) "o

are

It is obvious that, since g — 1 < 0, when ar, is large, we have H;(re, S) >

@l

Remark 3 To summarize, at low level of economic growth this country would
only invest in physical capital but when the economy grows this country would
need to invest not only in physical capital but also in first, new technology and
then, formation of high skilled labor. Under some mild conditions on the quality
of the new technology production process and on the supply of skilled workers,
the optimal path (S}) converges to 400, i.e. the country grows without bound. In
this case, the share of investment in new technology and human capital (0F + pf)
will grow faster than the one in physical capital.
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