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Economic Analysis of Endogenous Growth Model
with ICT Capital

Shoji Katagiri, Hugang Han

Abstract—This paper clarifies the role of ICT capital in economic
growth. Albeit ICT remarkably contributes to economic growth, there
are few studies on ICT capital in ICT sector from theoretical point of
view. In this paper, production function of ICT which is used as input
of intermediate good in final good and ICT sectors is incorporated
into our model. In this setting, we analyze the role of ICT on balance
growth path and show the possibility of general equilibrium solutions
for this model. Through the simulation of the equilibrium solutions,
we find that when ICT impacts on economy and economic growth
increases, it is necessary that increases of efficiency at ICT sector and
of accumulation of non-ICT and ICT capitals occur simultaneously.

Keywords—Endogenous economic growth, ICT, intensity,
capital accumulation.

[. INTRODUCTION

INCE 1990s, we have thought that IT or ICT which have
S attracted our attention generally contributes to economic
growth. Reference [13] points out that ICT is input to final
good production as capital stock and contributes to total factor
productivity(TFP) and network effect, and finally enhances
economic growth.

There are few theoretical studies relating to ICT, and among
others, [7], [10] are theoretical studies, but there ICT is
treated as intermediate good in international trade. Therefore
these researches do not focus on ICT but international trade.
Regarding the empirical studies, there are [3-6], [9], [11], [12],
[13], [15], [16]. Using various kind of data, [12], [13] indicate
the extents of ICT’s spread and contribution to economic
growth, and show that from 1995 to 2001 in 14 OECD
countries the impact to economic growth caused by ICT
capital ranges from 0.1% to 0.9%. Furthermore [6], [11] use
Cobb-Douglas production function and so forth as basic model
whose inputs are non-ICT asset, ICT asset and labor, and
perform growth accounting and dynamic multiple regression
analysis. The characteristic of these studies is to divide a
conventional physical capital into two assets, non-ICT and
ICT assets. Reference [11] shows that the contribution of ICT
asset is 1% of average economic growth 4% for business
service sector from 1995 to 2005 in Japan so that they confirm
some degree of ICT asset-contribution to economic growth.
Reference [6] shows that the elasticity of ICT capital for
economic growth is about 0.08 and its magnitude is around
20% of general physical capital (its elasticity 0.37), so its
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contribution is not so significant in comparison with a general
physical capital. However the aforementioned studies do not
refer to production function of ICT at all, and they just classify
a conventional physical capital into non-ICT and ICT capitals.
According to [11], ICT capital belongs to the same category
as non-ICT capital, since they mention that capital service
flow is composed of ICT and non-ICT capital. Therefore it
suggests that production function of ICT capital is able to be
taken as similar production function of final good. Also as
the characteristic of ICT capital, [6] pointed out that a life
of information and communication material is shorter than
a conventional physical capital. For example [6] reports 15
years as its life (facsimile)!, and mentions ICT capital life of
about 6 years on average and the depreciation rate of ICT
capital ranging from 0.3119 to 0.369 2. Although ICT capital
(product) contributes to all industry as goods and service,
it is used as final good such as tablet and smartphone or
as intermediate goods such as equipment and apparatus for
production, and state-of-the-art ICT products turn into ordinary
commodity in a short time. Therefore the characteristic of ICT
capital (product) is to be perishable.

Taking into consideration the aboves, in this paper, based
on the precedent empirical studies we theoretically develop
our model with ICT capital, and confirm and analyze that
how ICT capital affects to economy. To do this end, we take
ICT capital (products) as stock variable like a conventional
physical capital, incorporate it into production functions at
final good and ICT sectors, and construct a general equilibrium
system. Using the results from the general equilibrium system,
we perform simulation based on parameters in the precedent
empirical studies, and analyze the role of ICT capital which
affects an economy.

The plan of the paper is as follows. Section II presents the
model. Section III characterize the steady-state equilibrium.
In Section IV, we perform the simulation using the results in
Section III and examine the role of ICT capital. Section V
concludes the paper and presents some possible extensions to
the present research. All the proofs and lengthy computations
are in Appendix.

II. THE MODEL

This model being developed here is based on [1], [8], [14].
The agents in this economy are composed of two kinds
of producer (final good producer and ICT product producer)

ISee page 16 in [6].

2Reference [1] takes 0.056 as depreciation rate of ICT capital. Reference
[17] indicates that the depreciation rate of ICT capital fluctuates at the level
of around 0.11 for all industry from 1975 to 1998 in Japan.
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and household. Final good Y (flow) is produced by using
non-ICT capital k (stock), ICT capital x (stock), and labor [.
ICT capital X (flow) which can be interpreted as ICT product
is produced by using non-ICT capital k (stock), ICT capital
x (stock), and labor [. Therefore non-ICT and ICT capitals
are allocated to both sectors, final good and ICT product
sectors, as input. Non-ICT capital £ which has been called
as physical capital is produced from investment of saving,
which is remains from final goods Y minus consumption C.
ICT capital x is composed of various kind of ICT product
and equipment. Labor [ is assumed to be constant. Production
functions of final good and ICT capital are given as below.

Y = A(sk)®(uz)?(vl) =P, (1)

’y((l . s)k)A<(1 - u)x)E ((1 - v)l)17A76 ?)

where A and ~ are technological parameters, and s ,u and v
are shares of non-ICT and ICT capitals and labor allocated
to the final goods sector. At time ¢ non-ICT and ICT capitals
depreciate at § and 7 respectively, and these evolutions are
thus given by

X

Eo= A(sk)*(uz)’@wl)=*=F - C — 6k, 3)
T = 'y((l —s)k)/\((l —u)x)e((l —v)l)li/\iE
- nz, “

where C' at time ¢ is the amount of Y devoted to consumption.
To compute succinctly, the above economic variables are
transformed as follows.

sk
2 = —, (6))
vl
ux
7 = —, (6)
vl
(1= 9)k
5= G ™
_ (I-wez
S G T ®)
Then (1) and (2) are rewritten as follows.
Y = Avlzf‘zg, )
X (1 = v)lz3 25. (10)

To sum up, we show our model in Fig.1.
Regarding household, utility function of representative
household «(C) is given by

Cl—a
1—0

u(C) = ; (11)

where o > 0 is the elasticity of marginal utility. And each
household wishes to maximize overall utility U as given by

UCv)) = /too e_p(”_t)u(C(V))dV, (12)

where p > 0 denotes time preference.

(1— 8)k,(1—v)l

Household

ICT Sector

NF

Hinal Good Sectgr

p1:shodow price of non-ICT capital
p2:shadow price of ICT capital
w:wage rate

Fig. 1 Model

Here we assume the followings >.

Assumption 1.

a>X and e€>p, (Case—1)
or

a<X and e<f, (Case—2)

a#\and § #e.

III. DYNAMIC EQUILIBRIUM GROWTH PATH

A. General Equilibrium System

We define the shadow price for k and x as pu; and po
respectively and get the equilibrium dynamics in endogenous
growth model by obtaining the first order condition for

maximization of overall utility. By setting the relative price
H2

p = "=, we obtain the following dynamic equation of p*.
H1
p 1— A(l*ﬁ(l:oc(lfe)
» = *679251(252( Q)% pe- *754
1 ,(1—a)(A—1) B(A—1) azi B0=2=cl-c)
R T S e P
+ n—9, 13)
where

o - (2

« —)\—6) ulA
02 = (A(l—a—ﬂ)) >0,
o = (Gaiog)” >0

Next the share of non-ICT capital allocated to final good

production on equilibrium path s is given by?

3This assumption assures the positive economic growth. However as we
experience negative economic growth, this assumption always is not requisite.

4See the Appendix A.

3See the Appendix B.
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—(a— s+ (1—s8)¢s™ 1-5%
- - ) S’A}
A=
= ay oo (7). (14)

As the initial values (ko, 2o, po) is given (labor [ is constant
), the share of non-ICT capital for production of final good s
is determined. Also we obtain the shares of ICT capital and
labor (u,v) as follows.

a—\
u B Y (15)
s¢5 "+ (1 —5)p3
S
v o= — <. (16)
s+ (1—s)g5

Accordingly, as s is determined by (14), we insert this s
into (15) and (16), then get u, v, and then finally 21, 2o, 23,
and z4 at initial period.

Then the equilibrium growth paths (BGP:Balanced Growth
Paths) for consumption, non-ICT capital and ICT capital are
given by ¢

¢ skya—1, uz

c - %(QA(J) (=) =p=0). (17)
k B (Sk)a(ux)ﬁ(vl)lfafﬁ C

B K el (18)
z _ 7((1 — $))M(1 —w)z)e((1 —v))1 A
B x (19)

Therefore the general equilibrium system comprises
dynamic equations, (13), (17), (18), and (19), and equilibrium
equations, (14), (15), and (16). Provided that the initial values
(ko, o, po) are given, by (14), (15), and (16), s. u. and v
are determined, and with these shares (s, u, v), by (1) and
(2), final good Y and ICT capital X at initial period are
determined. Then from (13), (17), (18), and (19), relative price
p, consumption C' and two kinds of capital stock (k, x) are
determined at next period.

Finally we refer to the total factor productivity (TFP). At
first we define GDP as follows 7 .

Q=Y +pX. (20)

Here we get the below equation from (37) or (39) in the
Appendix A.

aY 1-s BY 1—-u  ps

S X w

=02 =) 21
X o P (21)

Then we insert (21) into (20), and get the equation:
sufyl=a—B B+ (e-pP)

Q = A u kepBi—a—8
U €
4 seuPol=a=8 o4 (A —a)s
B s A
e Al (22)

6See the Appendix C.
This setting is based on [1], [2].

From (22), total factor productivity (TFP) is

seyfyl—a=0 B+ (e—Pu
. u €
or
T a+(A—a)s
. s . A ’

The total factor productivity (TFP) has the following
characteristics for intensive parameters .

TFP ayByl-a=B -1

0 = 4207 B o o3
Oe u €2

ATFP s uPol=o=8  a(s—1)

= = . . (24
) u o <0 @9

From the aboves, we obtain the following proposition.

Proposition 1. Total factor productivity (TFP) is
independent of the effectiveness of production for ICT
capital v and in case of increase of the intensive parameters
A and e, total factor productivity (TFP) decreases.

B. Steady State

A steady state equilibrium or BGP is the equilibrium path
along which consumption C' and state variables k, = grow at a
constant rate and the shares of two kinds of capitals and labor
allocated to final good production s, u, v and relative price p
are constant.

Now from (37) we obtain

_ M2 _los oV

T s X
so that using this equation the following relationship has to
hold®.

(25)

P_eg

k- a—-X z
Also the above equation holds for (14). From (17) as
skye—1 rux . .
(ﬁ) (U—) is constant at stead state, the following
equation holdls.

(26)

EB i
A Rl 27
k 1—-a =z @7
Therefore from (26) and (27) finally the following equation
has to hold.
B _e=8 (28)
l—a a—2A

For (28) , we show the some values as an example (when
a =0.35 and $ = 0.05) in Table 1°.

Table I Example for parameter values
A € A €
0.050 | 0.073 || 0.330 | 0.052
0.100 | 0.069 || 0.370 | 0.048
0.150 | 0.065 || 0.400 | 0.046
0.200 | 0.062 || 0.450 | 0.042
0.250 | 0.058 || 0.500 | 0.038
0.300 | 0.054 || 0.550 | 0.035

8See Appendix D.
9The values in Table I satisfies the Assumption 1 and (28), but there are
innumerable values which satisfies (28) except the ones in Table I.
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On the simulation we mention later, the values shown in
Table I is utilized. Furthermore as (18) grows at a constant
rate in steady state, we get

08 T T T T T T T

06-\‘

07
|

| Case 1: apha>lambda, beta<epsilon)

9" =9¢, 29 T 1

« k « C . g A \\/a\ue of righthandsid 1

where ¢* = — and g5 = —. Then using (1) and (28), the 2 oal |

Tk c NG

following equation holds. H —_— |
s ™~

g = g7 (30) |

From (26) we express ¢ or abgteady state |

€ — ﬁ 01 \ i

g - o — )\gw? (31) 7021 1‘1 1‘2 1‘3 1‘4 1‘5 T‘E 1‘7 18

I
where ¢, = —.
The following proposition characterizes the steady state in
terms of C, Y, k and .

Proposition 2. At steady state consumption C', non-ICT
capital £ and final good Y grow at the same rate g*. Then
the relationship between the growth rate of non-ICT capital

and the one of ICT capital is proportional, i.e. ;A
o —

Next we derive the growth rates of final good, non-ICT

capital and consumption at steady state g*. To do so, we use

and manipulate (17) and (18), and get the following equation.

o= (2009 e

a—0os*\ ! k(0)

I

where we exclude s* =

Q

Now we confirm whether the relative price p* of (13) exists
or not at steady state (]3 = 0) by simulation '°. We show the

results of the simulation in Fig. 2 ( Case-1) and 3 (Case-2).
The right-hand side of (13) is downward sloping in Fig. 2,
and upward sloping in Fig. 3. It clearly follows from the both
figures that we have the unique intersection between both the

curves and the line © = 0 and it indicates the unique existence

of relative price at ]sgteady state p*.

Furthermore, we confirm whether s* of (14) exists or not by
simulation. !'. We show the result in Fig. 4. From Fig. 4, as s is
changed, for Case-1, the left-hand side of (14) monotonously
increases, and for Case-2 decreases. Since the right-hand side
indicates the horizontal line shown in Fig. 4 for both cases,
we confirm that s* which satisfies (14) uniquely exists.

Proposition 3. At steady state, relative price p* and share
of non-ICT capital allocated to final good production s*
uniquely exist.

10The application through the simulations is MATLAB. The values of
parameters on the simulation are based on the preceding study as much as
possible. The parameters being used are as follows. For Case-1, o = 0.35,
B = 0.05, A = 0.33, € = 0.052. For Case-2, « = 0.35, 3 = 0.05,
A = 0.37, € = 0.048. The value of other parameters are A = 1, v = 1,
1 =1.000, x = 1.000, k = 107.000, § = 0.1, n = 0.32, and z4 = 1000.0.

"1"The parameters being used are as follows. The common values for both
cases, A =1,y = 1,1 = 1.000, x = 1.000, and k = 4.000. For Case-1,
except p = 1.030, the other parameters are same in Fig. 2. For Case-2, except
p = 0.974. The other parameters are same in Fig. 3.

value of righthandside

lefehandside values

05

value of p

Fig. 2 Existence of relative price p (Case-1)

P* at steady state
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/
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3 L . L
055 06 065 07 075 08 085 09

value of p

Fig. 3 Existence of relative price p (Case-2)
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<
\ righthandside value of Case~2

st%wue o of Case-2
~
.
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~
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value of s

Fig. 4 Existence of share of non-ICT capital s.
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The steady state s* is an endogenous variable in this model,
so that s* is usually not used for parameter on comparative
statics. s* is determined and depends on the parameters in
(14), and in chapter IV, we confirm the relationship between s*
and parameters in (14). Therefore we use s* as parameter for
comparative statics mentiond below. Then we get the following
characteristic in terms of (32).

o alp+3(1—0)— o)

ds* 2
For (33), generally p + §(1 — o) < 0, so we reach the
following proposition.

(33)

(o —os*)

e a
Proposition 4. Except s* = —, increase of s* leads to

decreases of growth rate of nonICT capital, consumption
and final good g*.

Based on Proposition 4, we simulate the growth rate g¢*,
taking the share of non-ICT capital allocated to final good
production at steady state s* as a parameter (except s* = g).
On this simulation, it is obvious from (32) that without change
of «, if we take same parameter-setting in Case-1 and Case-2,
we get same figure for both cases. Therefore we change the
«’s value from 0.35 to 0.355 for Case 2 as a referene, and

show Fig. 5 as a result of simulation '2.

Growth Rate

|arowth rate (%) Case 1(alpah=035

9 L L L L L L L L L
0 0.05 0.1 0.15 02 0.25 03 0.35 04 0.45 05

value of s*

Fig. 5 Simulation of growth rate g* with s*

. . ! .
From Fig. 5, on the interval 0 < s* < —, as g* is always
o
.« . . .
negative, — < s* < 1 might be a suitable interval for the real
o

world. On the interval & < s* < 1, we think, if s* is a large
value, production for Iézl" capital (product) X (flow) decrease
due to the small value of 1 — s*, the corresponding increment
of ICT capital x (stock) for final good production as input
decrease, and finally economic growth rate g* decrease. In
other word, small value of s* (increase of 1 — s*) indicates
that large amount of non-ICT capital as input is used for

12The parameters being used are as follows. For Case-1, o = 0.35, 8 =
0.05, A = 0.33, € = 0.052. For Case-2, a = 0.355, 8 = 0.05, A = 0.37,
¢ = 0.048. The values of other parameters are A = 1, v = 1, 0 = 2,
5 =0.100, p = 0.012, C/(0) = 1.000, and k(0) = 100.0.

production of ICT capital (product), then ICT capital X (flow)
increases, and the accumulated ICT capital x(stock) is used for
production of final good. Even if the share of non-ICT capital
s* is small in final goods sector, increase of ICT capital stock
x compensates the small value of s*, and growth rate of final
good ultimately increases.

IV. SIMULATION AND THE ROLE OF ICT CAPITAL

In previous section we obtain the results of economic
variables at steady state equilibrium, however it is intractable
to get equilibrium solutions explicitly from equilibrium
equations and to perform comparative statics by calculation.
Instead of comparative statics analysis by calculation, using
the results in previous section, we perform simulation based
on various kind of parameter, and analyze the role of ICT
capital and its influence to economic growth. To do so, from
Proposition 2 and 4, as economic growths of two kinds of
capital, consumption, and final good ¢g* depend on the share
of non-ICT capital allocated to final good production s,
hereinafter we confirm the relationship between the share s*
and parameters of ICT capital x.

First of all, we simulate (14) with efficiency of ICT capital
(product) in ICT capital production v . The results of the
simulations are shown in Fig. 6 (Case-1) and 7 (Case-2) '3.

1.08 T T T T T T

1.06 - gamma=1.0000 1
ggrhima=1.0001

105

104
righthandside value of gamma=1.000

steady state value s* of gamma=10001
. feady state value s* of gamma=1 0000 ]
Highthandside value of gamma=1.0000

lefehandside values

102 B

value of s

Fig. 6 Simulation of s with « (Case-1)

For both cases, by subtle change of ~ the left-hand side
of (14) still remains at same place due to the exclusion of
¢y relating to v, and its slop is upward for Case-1 and
downward for Case-2 due to the difference of non-ICT capital
intensity at both sectors (o and \). The right-hand side of (14)
indicates the horizontal line. Since it includes ¢, for Case-1
the horizontal line shifts upward and for Case-2 downward.
When the efficiency parameter in ICT capital production -~y
slightly increases, the share of non-ICT capital allocated to

3The parameters being used are as follows. The common values for both
cases, A = 1,1 = 1.0000, k = 107.0, and = 1.0000. For Case-1, except
p = 1.0996, the other parameters are same as ones in Fig. 4. For Case-2,
except v = 1.0001 and p = 0.9121, the other parameters are same as ones
in Fig. 5.
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0.98 1

righthandside value of gamma=1.0000

sthady state value s* of gamma=1.0000 1
steady state value s* of gamma=1.0001

o

©

3
T

righthandside value of gamma=1.0001

lefehandside values

o

o

8
T

gama=1.0000
085 gammac 10001

value of s

Fig. 7 Simulation of s with v  (Case-2)

final good production s* increases for both cases. To sum
up, from the previous results, the increase of s* indicates the
decrease of growth rates of both capitals and consumption and
finally decrease of economic growth rate g*. From this point
of view, the rise of efficiency v in production of ICT capital
leads to decrease of economic growth rate g*.

As an interpretation for the above description, it is thought
that although efficiency +y rises and production of ICT capital
temporally rises, ~ is constant so that v does not continually
affect the growth rate of ICT capital  (ultimately growth rate
of economic growth). Furthermore by the rises of efficiency
~ and the share s*, ICT producer can obtain a same output
of product with less input of non-ICT capital, therefore more
amount of non-ICT capital can be used into final good sector.
Then input of (1 — s*)k to be used in ICT sector decreases,
so its increment of ICT capital = does not so increases, which
leads to decrease of increment of ICT capital 2 as input in
final good sector. The corresponding increment of production
of final good leads to shrinkage, and finally growth rate g*
decreases in comparison with the growth rate before the rise
of efficiency. In spite of the increase of efficiency -, this result
( decrease of growth rate g* ) is unexpected one. As the above
simulation is comparative statics, from economic development
point of view, it is required that this analysis is modified into
dynamic analysis.

With transitional dynamics, we can confirm whether saddle
path on BGP uniquely exists or not. However transitional
dynamics for this model is very untractable. Therefore, in
addition to the above comparative statics, we analize the case
where non-ICT and ICT capitals increase from the previous
case. This case seems to be higher economic development
stage than previous one. We assume that this case ( path ) is a
candidate for BGP. In this case we proportionally increase the
stocks of non-ICT capital k and of ICT capital = on simulation.
Taking into consideration the above assumption and setting,
we perform simulation '#, and the results are shown in Fig. 8

14Except the values on non-ICT capital & and ICT capital x, the values of
the other parameters are the same values in Fig. 6 and 7.

(Case-1) and 9 (Case-2).

1.08 T T T T T T

gamma2=1.0001>gamma’=1.0000
1071 k2=109>k1=107, x2=1.019>x1=1.000 i

1.06 -

a1=1.0000

ma2=1.0001
105

104

lefehandside values

103 righthandside value of gamma=1.0000

steady state value s* of gamma=1.0000

102F i ide value of gamma=10001 |

steady state value s* of gamma=1.0001

1 L L L L L L
0 02 04 0.6 08 1 12 14

value of s

Fig. 8 Simulation of s with v  under increases of £ and z
(Case-1)

Case 2
1 T T T T

gamma2=1.0001>gamma1=1.0000
k2=109>k1=107, x2=1.019>x1=1.000

gdrmal=1.0000
gamm2=10001

righthandside value of gamma{ 0000

0871 steady state value s* of gamma=1.0000 7

lefehandside values

righthandside value of gamma=1.0001

085 B
steady sta\xa\ue s* of gamma=1.0001

value of s

Fig. 9 Simulation of s with v  under increases of £ and z
(Case-2)

In Fig. 8 (Case-1), in case of increase of efficiency ~, the
share of non-ICT capital in ICT capital sector s* decreases, so
this enhances economic growth rate. This is the contrast result
for the one in Fig. 6. Regarding Fig. 9 (Case-2), it seems that
the result has the same tendency in Fig. 7.

As an interpretation for the aforementioned description, in
Case-1 (o > A and 3 < ¢), if efficiency +y increases, inputs of
both capitals to ICT sector, (1 — s*)k and (1 — u*)z, increase
15 so output of ICT X increases. Output of final good also
increases due to increases of s*k and u*x in spite of decrease
of s* and u*. Eventually increase of v enhances growth rate
of final good ¢g*. On the other hand, in Case-2 (o < A and
[ > ), if efficiency ~ increases, inputs of both capitals to

Swhen ~ changes, ¢2 and ¢2 do not depend on , so that u* in (15) only
depends on s*. Therefore in this case, decrease of s* indicates decrease of
a—A
: ou* %5
u*, since = — —
(s% 03 M(1-s)05 )2

e > 0.
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ICT sector, (1 — s*)k and (1 — w*)z, increase, so output of
ICT X increase, which is the same as Case-1. However in
this Case, the increase of output at ICT sector is not so much
in comparison with Case-1 due to intensity of ICT (8 > e).
This affects accumulation of ICT capital x. Its increment of
production of final good decreases due to decrease of s*k
attributing to decrease of s* and intensity of non-ICT (o < \).
Therefore increase of ~ leads to decrease of growth rate of
final good.

Result 1. At steady state, in case of increase of efficiency
in ICT capital sector ~y, growth rates of final good, non-ICT
capital, and consumption g* decrease. If accumulations of
non-ICT and ICT capitals (k£ and z) become a higher stage,
and o > X\ and 8 < e (Case-1), then growth rates of final
good, non-ICT capital, and consumption g* increase.

Next in ICT capital sector, we confirm the relationship
between changes of two kinds of parameter (A and ¢) and
the share s*. At first we show the relationship between the
parameter of non-ICT capital A and the share s* in Fig. 10
(Case-1) and 11 (Case-2). '6.

Case—1
1.045 T T

1041 g

1035 4 value (lambda=0.33005)
steady state value of s*

da=0.33005)

lambgdd=0.33000
bda=0.33005

1025

lefehandside values

value (lambda=0.33000)
ste state value of s* (lambda=0.33000)

1.015 B

101 L L L L L L L L
02 025 03 035 04 04s 05 055 06 065

value of s*

Fig. 10 Simulation of s with A (Case-1)

From the above figures it follows that in case of increase
of non-ICT capital intensity in ICT sector A, the share of s*
in final good sector increases for both cases. That is to say,
the share of non-ICT capital allocated to ICT sector 1 — s*
decreases, so that increase of s* leads to decrease of growth
rates of two capitals and consumption, and eventually decrease
of economic growth rate. Then we have the following result.

Result 2. At steady state, in case of increase of intensity of
non-ICT capital in ICT sector A, growth rates of final good,
two capitals and consumption g* decreases.

Finally, we confirm the relationship between intensity of
ICT capita in ICT sector ¢ and the share of non-ICT capital in

16The parameters being used are as follows. The common values for both
case, y =1, A=1,1=1.0000, k = 120.0, and = = 1.0000. For Case-1,
except A and p = 1.1000, the other parameters are same as ones in Fig. 2.
For Case-2, except A and p = 0.9082, the other parameters are same as ones
in Fig. 3.

Case-2
0.895 T T

0985 steady state value of s* (lambda=0.37000) Bl
righthandside value (lambca=0 37000

o

w©

2
T

lefehandside values

0875
value of s* (lambda=0.37005)

righthandside value (lambda=0.37005)

097 B

L L L . L L . L
025 03 035 04 04s 05 055 06 065
value of s*

0.865
0.2

Fig. 11 Simulation of s with A\ (Case-2)

final good sector s*. The results are shown in Fig. 12 (Case-1)
and 13 (Case-2) 7.

Case—1
1.007 T T T T T

1.006 - A
epsilon=0.0525,

1.005 - 4
epsilon=0.0520

1.004 - B

value (epsilon=0.0520)

- )
1003 steady state value of s* (epsilon=0.0520)

lefehandside values

‘ady state value of s* (epsilon=0.0525)
1002 righthandside value (epsilon=0.0525) !

1001 4

0 002 0.04 0086 0.08 0.1 0.12
value of s*

Fig. 12 Simulation of s with € (Case-1)

In Fig. 12 (Case-1), in case of increase of intensity of ICT
capital in ICT sector ¢, the share of non-ICT capital allocated
to final good sector s* decrease. That is to say, the above
increase leads to increase of the share of non-ICT capital at
ICT sector 1—s*, and then the decrease of s* leads to increase
of growth rates of two kinds of capitals and consumption
g*, and eventually increase of growth rate of final good. On
the contrary, in Fig. 13 (Case-2), in spite of increase of e,
we confirm the opposite results against Case-1, such as the
decrease of growth rate of final good. Then we have the

following result.

Result 3. At steady state, in case of increase of intensity of
ICT capital in ICT sector ¢, if & > (3 and 8 < € (Case-1),
then growth rates of final good and consumption g* increase,

7The parameters being used are as follows. The common values for both
Case, vy =1, A=1,1=1.0000, k = 120.0, and = = 1.0000. For Case-1,
except € and p = 1.0996, the other parameters are same as ones in Fig. 2.
For Case-2, except € and p = 0.902797, the other parameters are same as
ones in Fig. 3.
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Case-2
1.001 T T T T T

0899 - B
epsilon=0.0485

0.998 - B

value (epsilon=0.0480)

0997 F \Yﬂme of s* (epsilon=0.0480)

0996 F 1
righthandside value (epsilon=0.0485) stady state value of s* (epsilon=01485)

lefehandside values

0995 - epsilon=0.048]

0.994
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Fig. 13 Simulation of s with € (Case-2)

and if & < § and 3 > ¢ (Case-2), then growth rates of final
good and consumption g* decrease.

We sumngize the results of the above simulations, shown
as Table II (— < s < 1).
o

Table II Summary of simulations

Case-1 | Case-2 Remarks

Js*
oy + + k and z are constant
.l
Js* .
— - + k and x increase
v
Js*
% + + € 1s constant
0s* .
—_— - + A\ is constant
de

With regard to A and € in Table I, we note that in steady
state the relationship between A and e is negative. Therefore,
with Table I and Table II, for the relationship between growth
rate ¢* and the concerned parameters, we get the following
result in Table III.

Table III Relationship between g* and v, A, €

Case-1 | Case-2 Remarks
8 E3
99 - - k and z are constant
Oy
di + - k and x increase
i
5)1 - + or - € changes.
99 + + or - A changes.
Qde

From Table III, Given that &« > A and 3 < e (Case-1), for
contribution of ICT sector to economic growth, it is necessary
that accumulations of two kinds of capital become a higher
stage and the efficiency in ICT sector ~ increases, or the
intensity of ICT capital in ICT sector € increases. These results
suggests that institutional circumstance and subsidy policy
which enhance intensities v and ¢ and accumulations of &

and x are necessary as industry policy.

V. CONCLUSION

This paper is fundamentally based on [1], [8], [14],
however instead of human capital in [8], [14], ICT capital is
incorporated into our model. Furthermore, in [1] commodity
and consumable goods which are elements for utility are
introduced, however the difference between commodity and
consumable goods are very vague. In this model, as a way
of development of model, we follow [1] and incorporate ICT
capital into this model in lieu of consumable goods. Therefore
we incorporate two kind of capital (non-ICT and ICT capitals)
into our model.

As a result, while we indicate a possibility of existence of
general equilibrium solution, we suggest that its possibility
depends on values of parameter and intial values, and it
means the possibility of no-existence of general equilibrium
solution. However through our simulation where parameters
of ICT sector are changed at steady state, we show the impact
of ICT capital(sector) to economy. In Case-1 in this paper,
as efficiency of ICT sector increases and accumulations of
two kinds of capital become a higher stage, the share of
non-ICT capital allocated to final good sector decreases and
economic growth rate increases. We mention the same result
in case of increase of the intensity of ICT capital in ICT
sector. Conversely, we obtain the result that economic growth
rate decreases in case of increase of intensity of non-ICT
capital in ICT sector. From the above results, we conclude
that ICT sector has impact to economic growth and firmly
confirm that increase of efficiency at ICT sector and a higher
stage of accumulations of capitals are necessary for economic
development.

As further extensions, we conduct empirical research on
production function for ICT sector, and ,with this empirical
research, estimate values of parameters on production function
of ICT. Using these estimated values of parameters, we
perform simulation like this paper, analyze accurate role of
ICT capital and economy, and show a transitional dynamics
on equilibrium path.

APPENDIX A
THE EQUILIBRIUM

We set the initial time as ¢ = 0 and Hamiltonian as follow.

l1—0o

H(C,s,u,v,k,a,t) = e f_ —+m (A(sk)u(ux)f’
(wl)t=2=f — O — ék)

+ 2 (((1 = R - wa)*
(1= o)) = z).

Using the above equation, we obtain the first order
conditions of the representative household’s maximization
problem and the related equations as follows.

H
g—c =eC77 — up = 0. (34)
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Using the above equation, we obtain

fir c
—=—-p—0—. 35
o P=os (3%)
H Y AX
37 _ el 2 —0. (36)
s S 1—s
Using the above equation, we obtain
oY AX
N1<7> =H2< ) (37
s 1-s5
OH Y X
OH _ mBY _ peeX _ (38)
ou u 1—u
Using the above equation, we obtain
BY\ eX
() =m(=) @)
H 1—a-p)Y 1-A—6X
OH (1 —a—=P)Y  pa( €) —0. (40
ov v 1—wv
From the above equation, we get
(1-—a-p)YY\ 1-X—¢X
m(C—) s ) @
OH .
o5 = M (42)
From the above equation, we get
aY AXN pa H1
— =90 == 43
F 0 ) )
OH
— =y 44
oz Ha (44)
From the above equation, we get
Y X i
mpy X k2 (45)
po x 12

Now, Denoting by p the relative shadow price, which is

p= @, then we obtain the dynamic equation as follow.
M1
Ptz B (46)
p H2 H1
Regarding(46), we use (37), (39), (43), and (45), and then

obtain the following equation.
p oY eX

p sk (I—uwax
From (37) we get

+n—4. A7)

oY 1.
e )\’yzg‘ 1z4p. (48)
Also the following equation holds.
eX e
m = E’YZ;’),\ZAL 1. (49)

Therefore we substitute (48) and (49) for (47), and get the
following equation.

g = —eyzy 25t 4 /\vzé\*lzflp +n—0. (50)

Next, from (5) to (8), we get

]__
n o= ———Ya (51)
1—-s v
1_
2 = v Y . (52)
v 1—u

From (37), we get

aY 1—s
AX s

S (1 -v)Rts m

Avz0 25 (1 —
aAvz{ 2 ( s) _ b2 — (53)

Furthermore, we substitute (51) and (52) for the above
equation and manipulate, then we get

_ M /os \lmesl—u\P/1l—ov\l-a=bB __

a-\_ T e—f3

=P Aa(l—s) ( u ) ( v ) S

(54)

Using (37), (38) and (39), we obtain the following
equations.

e s 1—u

— = - 55
B 1—-s u '’ 53
a(l—X—¢) s 1—w
= . . 56
AM1l—a—=p) 1—-s v (56)
Accordingly from the above equations, we get
l-a—-p) 1-u v 57)

Bl—A—¢ u 1-v

We solve (56) and (57) for s/(1 — s) and w/(1 — w)
respectively, and substitute these solutions for (54), then obtain
the following equation.

wo= (A1) gy

Aa A1l—a—-p)
(l—a—f)\ax 1 =%
(m) pemrzy (58)

We substitute (58) for (50) and obtain the below equation.

A(1=B)—a(l—¢)

p A1—a A =
Z; = _E'Wsi\d)z(l )Qséﬂp”’kﬁ ?
e Ao1) ec1 B4=Nocdoa)
+ ’Y)\¢1\ 1¢g1 )( 1)¢§( l)paﬂz4 X
+ n-29, (59)
where
MY\ a=x
o= (G0)
a(l=X—¢)

% = (Sioazg)

o= (Gasimg)

Using these symbols, 21, 2o and z3 are expressed as follows.

2= @8z, (60)

o = 0§ Mz, (61)
l1—a 8, —L_ %

23 = ¢ 2 (;53])”*)\2 . (62)
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APPENDIX B
THE SHARE OF NON-ICT AND ICT CAPITAL AND LABOR

Combining (5), (7) and (60), then we get
B s

s+ (1-s)es

Combining (6), (8) and (61), then we get
B u

A4 (1—u)ed

<1 (63)

<1 (64)

On this occasion, (63)=(64), so that we obtain the equation
for the share of ICT capital allocated to final good sector as

below. \
S¢S
U= —>3 — <L (65)
s¢5 " + (1 —s)o5
Combining (7), (8) and (62), we obtain the following
relationship.

(1-s5)k ca s ((I—u)z ==
ooy = 0108 iy (—(1_v)l) . (66)

Next transforming (63) and (65) respectively, we obtain the
following equations.

o a—A
1w — (1 —s)o3 - (67)
s+ (1-s)6
(1—s)p5

1—u

. 68
W (1505 %)

We substitute these equation for (66), and then we obtain the
equation of the share of non-ICT capital s.

a—A e—p3

(e s+ (1—s)p3 —a=x
|:1 (1 ¢2 )8:| |:S¢(31—)\ + (1 _ S)@gi)\]
a1 =5
= o0y el (T) (69)
APPENDIX C

THE DYNAMIC EQUILIBRIUM PATH

At first we derive the dynamic equilibrium growth path for
consumption. To do so, from (35), we get

C_ 1/ i
= slmr) 70
and from (37) and (43), we get
oY . 1)
141 sk

We substitute the above equation for (70), then we obtain the
dynamic equilibrium growth path for consumption.

1 skya—1,uz.\p
= (AT D) =0 —0). )

Next we derive the dynamic equilibrium growth paths for
two kind of capital(k and x). These paths are derived from (3)
and (4) as follows.

k k) (u)P )P O
i A 2 2 0, (74)
i ((A=s)k)M (A - war) (1)) e
z 7 x
—. (75)
APPENDIX D
THE STEADY STATE
From (37), we get
p:&zl—s.g. (76)

1 s AX
By the definition of steady state the values of p, s, u, and v

are constant, so that log-differentiating the both sides of (76)
with respect to time leads to the following equation.

Ultimately, at steady state the following relationship holds.
kEooe— 6
A Ny 78
E a-X z (78)

The above relationship also holds for (69).
sk\o=1 rux\B
Next, from (73), (— —

therefore the following equation haxqf)e to hold.

BB d

is also constant,

A L2 79
k 1—a x 79
From (78) and (79) eventually the following relationship
have to hold.
b _e=8 (80)
l—a a-—2A

Also as (74) grows at a constant rate at steady state, we
transform the equation as below and confirm that both sides
have to be constant.

—4+6=A — 81
et B (81)

At steady state, taking into consideration that values of s,
u, and v are constant, log-differentiating the both side of (81)
with respect to time leads to the following equation.

k (sk)*(uz)? (v)1—>=F  C
e

* C * * a— * a—A
967 T(o"+9)g" =Wk laPg (ot f—g),  (82)
* * C @ B

where ¢ =—, g5t = Vo and W = A(s/vl)*(u/vl)"vl,
which are constant, and we make use of (Wk*'2% —C)/k =
g +4.

Furthermore log-differentiating the both side of (82) with
respect to time, we get

| -

(98)* — 959"
9& + (g* +6)g*(k/C)
As both sides of (83) is constant, we obtain

g9 =9c- (84)

=(a—-1)g" +Bg;.  (83)
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Finally, we derive the growth rate of final good, non-ICT
capital and consumption ¢g*. From (73) we get

ozAz‘f‘_lzg = O'g +p+4. (85)

And from (74) we get

k. C
@Az = %(E + % + 5). (86)

Accordingly from (85) = (86), using g* = g, we get

o= (205 SO g

a—os*\ «a ! k(0)
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