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Abstract

This article intends to estimate the optimal value of investment
and human capital in R&D sector of Iranian economy using an
augmented endogenous growth model. To do so, two issues
have been studied. First, an endogenous growth model has
been extended to include investment in R&D as an
independent variable. In the framework of this model, in order
to determine the optimal value of investment and human
capital in R&D sector, we derived the optima path. Second,
using the optimal path and Iran’s economic data, the optimal
values of human capital and investment in Iran’s R&D sector
have been estimated. The results show that in order to be in a
steady state with 8% economic growth, it's necessary to
alocate 0.7% of total human capita and 8% of national
income to R& D sector. However, at present, less than 0.3% of
human capital and less than 0.5% of national income is
alocated to R&D sector in the [ranian economy.
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1. Introduction

There exists an extensive literature dealing with the role of technology in
economic growth. Although these studies employ a wide variety of
analytical structures, they reach a common conclusion. The consensus of
opinions emerged in these studies is that technology is one of important
factors that determines economic growth. In spite of this fact, opinions on
the interpretation of the quantity and the quality of the role of technology
are crucialy dependent on the way this variable is applied in model and
the way its relation with other factors is organized. This has made it
necessary for researchers to be more careful when introducing technology
into their growth model.

The primary neoclassicd models were developed by Solow,
emphasizing the role of technology in economic growth. In Solow’s
model technology is an exogenous factor. Up to early 1980s other growth
models that extended the Solow’s model, emphasized the considered
technology to be an exogenous factor.

Although the theorists of Neoclassical growth had understood the
inefficiency of these types of growth models, they offered the explanation
that, through innovation and invention of new technologies which will
allow more production with the existing resources, countries have in
effect supported the idea that technology is exogenous as well.

In the mid-1980s there appeared new growth theories under the title
“endogenous growth theory”, whose difference from previous theories
was their emphasize on endogenous technological progress. In
endogenous growth models the technology factor, which is formed in a
monopoly structure in theinitial stages of its appearance, is influenced by
these conditions and plays its role in clarification of economic growth as
an endogenous factor. Locus and Paul Romer were the first people who
presented these models; they have dealt with this subject by emphasizing
the issue of human capital (Locus 1984). In endogenous growth models,
unlike the physical capital, human capital has an increasing return to
scale, and as a result, by alocating more human capital to R&D sector,
the ability to create new ideas will be enhanced; these new ideas will lead
to an increase in the efficiency of human force in R&D sector. The
endogenous growth models, which have introduced an independent
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sector for R&D, have paid a greater attention to the relationship between
knowledge growth rate and the labor in R&D.

Within this framework less attention has been paid to the level of
investment required for reaching a specified degree of knowledge
progress, and securing the targeted economic growth rate; on the basis of
the endogenous growth models, this study considers the investment in
R&D sector as an independent variable, and solves the model once again.
Then, by determining the optimal path, and using the data of Iranian
economy, it is going to estimate the optimum level of investment and the
required human capital in R&D sector in order to reach a steady state
with a 6% economic growth rate.

2. Augmented endogenous growth model
In this study, as in other similar studies on endogenous growth, we will
have a rather mechanical vision of technology production and consider
the technologica production in the same way as the production of goods
and services.

Moreover, in order to realize the objectives, two kinds of
simplification are carried out for solving the model and optimization;
first, we assume that the function of goods production and the function of
technology production are augmented functions of Cobb Douglas, in
which returns to scale is not necessarily constant. Secondly we assume
that the share of labor force and the share of production that is used in
R&D sectors, to be exogenous. These assumptions will not make any
change in the implication of the model. This model includes six
variables:

1. Labor force (L)

2. Physical capital accumulation (K)

3. Technology (A)

4. Production (Y)

5. Consumption (C)

6. The capital in R&D sector (R)

This model resembles R&D model of P. Romer (1990), Brossman
and Helpman (1991), and Aghion & Hewitt (1992). The difference here
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is that in the previous studies, investment in R&D sector was not
regarded as a separate variable; while in this study investment in R&D is
placed in the model as a separate variable.

For simplicity and solving the model we assumed that investment in
R&D sector is considered as a percentage of production. (R=¢Y that

O<e<l)

The model includes a continuous time, and the economy is two
sectors. There are also two subsections under the production sector,
goods and services subsection, and the other subsection namely R&D
sectors, in which the additional stock of knowledge is produced. a, isthe
proportion of human capital in R&D sector, and (1-¢, ) is proportion of
human capital in goods production sector. K is the physical capital
accumulation, and R is the accumulation of investment in R& D sector.

& IS a percentage of production that is dedicated to research and
development. ¢ and a, are exogenous and constant parameters.
Applying knowledge in a single production sector does not mean that it
will be left unused in the other sector; both sectors use the entire stock of
knowledge. (both goods and services sector, and knowledge production
sector). But the human capital and physical capital, however, are not in
the same condition in thisway.

The production function in time (t) will be as follows:

Y(@) =[K@)] [40)0-a,)L@®)] ™ (1)

In production function (equation 1), (1-a,)L(z) is the share of labor

employed in production goods. « is the production elasticity with
respect to physical capital (0O<a <1). This production function has
assumed a constant return to scale.

Production of new knowledge depends on the amount of physical
capital accumulation and the labor that is utilized in R&D sector, and
aso the level of technology. a, L(¢) is the share of labor in research and
development. Also R(t) is the capital accumulation in R&D sector. By
assuming the augmented Cobb-Douglass function we can assume the
function below for production of technology:
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A(r) = B[R] [, L()]'[A(®)]° %)

That y>. .B>- .B>- and B is shift parameter.

In equation (2) the parameter ¢ shows the effect of the current stock
of knowledge in development of R&D. This effect takes place in two
ways, on the one hand, past innovation might provide the instruments for

smoothing the future innovation. In this way & will be positive. On the
other hand, the simplest innovation could take place before the other
ones. In this situation, a greater stock of knowledge means that making a

new innovation will be more difficult so & will be negative. Because of

these contradictory effects we don’t assume limitations for 0 in equation
(2). In this study as in Solow and Ramsey model, we consider the growth
rate of labor to be exogenous. However, the growth rate of labor can be
assumed logistically®. If we assume that growth rate of labor is constant
and equal to population growth rate, we will then have:

L@ =nL() &)
(n) is the growth rate of labor force, and its value is assumed to be
positive.

Supposing that there is balance in goods and services market, we will
have:

Y()=1(@)+C@t)+0K(t)+ R(¢) 4)

Equation (4) indicates that production or income? is used in four
parts:
1. Private investment in goods and services sector.
2. Private consumption.
3. Capital depreciation.
4. Capital that isused in R& D sector.

By displacing the variable in equation (4) we can rewrite equation (4)
as eguation (5):
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1(t) =K (1) ©)

K(6)=Y(1)-C()- 5K (1) - R(¢)

In this study the changes in the physical capital accumulation are
reflected in equation (5) and in comparison with similar studies, the
capital that is used in R&D has been reduced from the physical capital,
and defined in terms of independent variable (R(t)).

With given production, the choice between consumption and saving
choices® is made by households with infinite life time to maximize their
utility. Thus, considering the total consumption, the utility function for
all household can be noted in equation (6).

o pt C(t)\-\/o-

U=[/_ e —\_\/G dt (6)

In equation (6), C is the tota consumption of private sector in
economy, pis discount rate (o >0) and o is relative coefficient of

avoiding risks, (¢ > 0).

Asin Ramsey’s model, it has been assumed that households consider
the initial wealth, interest and wage path as aready determined and
choose a consumption path for maximizing the utility function (U).

3. Calculating the level of model’s variables in steady state
In this section we only deal with solving the problem of optimization,
with the aim of calculating growth rates, and also the optimum level of
the model’ s variables in steady state. The maximization should be solved
by considering the socia welfare function and the limitations of
equations (7).

= Pt C(f)l_j/o-

dt
1=0 1-VYo

U =

St
K() =Y()-C())-5K()-R()



7 Estimating Optimum Value of Investment and Human ...

Ar) = B[R@)] [, L&) [40)]° (7
Y(0) =[K(@)] [A@)0-a,)L0)]™
L®=nL()

3.1. Calculating the optimum level of growth rate of variables in steady
state
In order to solve the model we must optimize the Hamiltonian function in
equation (8):
v

C e ¥ij 9

—+4[Y-C-8K-R |+ 4[| BR (a,L) 4’ ] 8)

1-=

A And 4, arethe shadow price for physical capital accumulation and

accumulation of knowledge. In solving the optimization problem
consumption (C) is the control variable and accumulation of physical
capital (K) and knowledge (A) are state variables.

With regard to first order condition we have:
H - -
O oo cFoer g =04 =cToer ©)
oC

By taking logarithm and then differential of equation (9) we will
have:

H:e_pt

A 1C

A= > 10

A o C P 10
Other conditions for maximization will be as follows;

oH :  : aY A . aY

—=-Ah=>-A=4[—-b]=> 2=6-— 11

ok AT A=Al 0= =0T (1

In equation (11) we have used from derivatives of production
function (equation 1) with respect to physical capital (S—Ii =a % )-
By making the equation (10) and (11) equal, we will have:
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aY \é C Y
5-—:-——- - —=- +5- —_ 12
T [p aK] (12)

If we suppose that % is equal tog,, from equation (12) we will
have:

|
Y o (13
K a

Steady stete is a point where growth rates of variables are constant.

Therefore at the steady state we should have g =0.* Considering the
equation (13) we will have:

1
Y 7g(+p+5
Ln(EJ:Ln g |=constant
a

By taking derivative from the above equation in steady state we

have:

gy =8k (14)
Equation (14) shows that in steady state, physica capita
accumulation growth rate and production growth rate are equal.
By taking the logarithm of equation (10) we have:
In(Y) = aLnK +(1-a)[ Lnd+Ln(1-a, )+ LnL |
By taking derivative from above equation respect to time and also by
using eguations (11) and (14) we have:
gy =ag,+1-a)(g,+n)

gy =ag, +(-a)lg, +n=g, =g, +n=>g, =g, —n (15)

Equation (15) demonstrates that the growth rate of knowledge in
steady state is the equated difference between the growth rates of
production and labor force growth rate.

By dividing equation (5) by K we have:
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Y C 5k s
K K K

According to the assumption of model, investment in R&D sector isa
fraction of production. Thus we have:

R(1)=¢Y(t) 17
By replacing equation (13) and (17) in equation (16) and a few
simplifications we will come to:

C 1-¢) 1
E:[-gﬁ( Ile +p+o]-o] (18)
o (o2

K
K

Equation (18) shows that with a constant coefficient, consumption
should change with respect to physical capital accumulation, or the
proportion ratio of consumption to capital accumulation remains a a
constant level.

Given that, in steady state, the value of g. and g, are constant, the

right side of the equation (18) is constant as well. By taking logarithm
and after that taking derivative with respect to time we will have:

2. =g (19)
The summary of eguations and the results of solving the model can
now be summarized as follows:
£.=8,=8 =8=8
g, =g -n
Equation (20) indicates that, in a steady state, consumption growth
rateg., production growth rate (g,), physical capital accumulation

(20)

growth rate (g, ) and growth rate of investment in R& D must be equal.

We will next try to get the growth rate (g') in steady state®.
Considering equation (9), we will have:
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L=, =BR [a,L] A" (21)

By taking logarithm and derivative with respect to time and provided
that the long term growth rate is constant’, we will have:

«_n(@-1-y)
g T i (22)

Equation (22) shows the long run growth rate in a steady state. Given
the equation (20) and (22), the long run knowledge growth rate will be
equal to:

« _-n(y+p)
84~ B+0-\ (23)

Equation (23) shows the long run knowledge growth rate.

3.2. Calculating the level of model’s variables in steady state
Considering the equation (18) we will have:

C - 1-&)(p+0
“[¢ (2. 2020 4 22
K aoc a

With the use of simplification for solving the model and calculating
the level of variables in steady state (C ,K ,Y’), we assume that

technology is labor-augmenting. According to production function
(equation 9) we haved =y . Based on this assumption in steady state, the

long run economy growth rate will be equal to:

* n
- 25
& =15+0) (25)
By doing a few mathematical calculation and simplification we will
have the level of production in a steady state equal to:

L(la) loa

Y =[(l-a) e ¢ 1« 19]° (26)
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In equation (26), Y~ islevel of production at a steady state point. In

equation (26) the values of 7,,7,andw are defined in equations (27) to
(29):

o= (B 27)
g -n
1 g +p+6
R A (28)
a
o (29)

=
alf-p1-a)-1
Taking the equation (13) and (26) into consideration we will have:
K=—% vy (30)
Voo
—g +p+o
(o}
In equation (30), K~ isthe level of physical capital accumulation in

steady state.
According to equation (24) we come to:

C =[@[lg*+p+é}-5-g*] K (31)
a o

In equation (31) level of K is calculated from equation (30).
Equation (31) shows optimum level of consumption in steady state.

3.3. Calculating the optimum level of saving rate in steady state

Since the model is bhisectiona, the household income is either
consumption or saved. So we can insert the equation (32), which shows
that saving is equal to household consumption subtracted from gross
domestic production (Household income).

Y=S+C = §=Y-C (32)
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Consumption (C*) is taken from equation (31) and income (Y") is
taken from equation (30) in equation (32).

ig+p+§ (L£X£g+p+@
S=Y-C=K(Z )-[ g
[24 [24
By simplification and according to equation (30), equation (34) will
be achieved in a steady state.

-5-g] K (33)

o d1g+p+&
S=7 (—< +0+g)Y (34)
—g+p+0o @
o3

Considering the equation (34), after simplification, the saving rate in
steady state cal culated according to equation (35) is

R I L = A A 35
S=g 4 (35)

Based on equation (35), since the model is an endogenous growth
model, saving rate is not a constant value; it is the function of the
model’ s parameters.

s =s(e',g ,6,a,0,p) (36)

The optimum level of saving rate for Iran's economy has been
calculated in section 4.3.

4. Estimating the optimum level of variables for Iran’s economy®

In this section, using the statistical data from Iran’s economy we
calculated the model’s variables at the steady state. Also according to
given parameters, the optimum level of human and physical capital
allocated to R& D sector in Iran’s economy is analyzed.

The steady state can be analyzed in two ways:

1. Inserting the value of parameters in the model and calculating the
level of those variables in the steady state. With given current economic
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situation and the initial level of variables, we should analyze different
policies for placing economy on saddle path and leading it towards a
steady state.

2. By changing the value of policy parameters, we can shift the
stability curves and, hereby shift the steady state point. We assumed that
the level of current variables is at the steady state; then we found the
level of various policy parameters. The magnitude of every parameter
that is calculated at this point is called the optimum vaue of that
parameter in steady stete.

In this study we are going to calculate the parameters similar second
way. In order to attain the optimum values of policy parametersin steady
state, we have to assume that economy isin a steady state. According to
values of the current economy variable, we have analyzed the optimum
values of parameters. Concerning this paper, those policy parameters that
we are going to find the optimum values of them are:

1. The share of optimum level of investment in R&D sector, or

investment rate in R& D sector (&7).
2. The share of optimum labor in R&D sector (a; ).
3. The optimum long run saving rate (s”).

4.1. Estimating the optimum share of investment in R&D sector

In this section, based on various levels of growth rates, the share of
investment in R&D sector is calculated. Considering the equation (31)
and based on the levels of variables and the value of model’ s parameters,
the long run growth rate is definite in equation (37).

1 C o (p+o)A-8) ac
g =|*9 }(1_8_(10) (37)

In equation (37), the levels of C",K are the respective levels of
private sector's consumption and physical capital accumulation in a
steady state. It has been assumed that economy isin a steady state and we
want to calculate the optimum level of the model’s parameters. So, we
used the values of these variables using Table (1).
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Table 1. The parameters for calculating the optimum level of & *

Parameter Values Source
Production elasticity
respect to physical capital 0.3 Research calculation®
(a)

Relative risk aversion ) )
- 0.09 Different articles™
coefficient (0 )
Assume that it isequal to interest
rate™
It has been assumes that physical
Depreciation rate (J) 0.1 capital will depreciate within 10
years™
Private sector’s consumption in the
344852  years 2008 (central bank of Islamic

Discount rate (2 ) 0.2

Consumption (C), (Billion

Rials) Republic of Iran)
Physical capital Physical capital accumulation in
accumulation (K), (Billion 159598 2008 (central bank of 1slamic
Rials) Republic of Iran)*®

The value of parameters considered in Table 1, have been substituted
in equation (37). The share of investment in R& D sector from production
(&) aredrawn in Figure (1) according to long run growth rate (g ).

According to Figure (1), in order to have a higher growth rate in
steady state, the rate of investment in R& D sector should be higher. If we
take the growth rate in steady state to be 8 percent™, the optimum rate of
investment in R&D sector should be aso 8% of production.

In next section, the economy growth rate will be taken as 8%

(g =0.08) and the optimum rate of investment in R&D sector will be
equal to 8% of total production (& =0.08).
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long run growth rate
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0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5

the share of investment in R&D sector from production

Figure 1. The share of investment in R&D sector ( ¢ *) with respect to long

run economy growth rate (g")

4.2. Estimating the optimum share of labor in R&D sector of total labor
In this section, we used the values obtained in section 4.1 and calculated
the share of labor in R&D sector. In order to calculate the share of Iabor
force in R&D sector, we should carry out an analysis and calculation of
the other parameters of the model.

By replacing the variable, and a few simplifications, equation (29)
can be rewrite as equation (38)

*

p+o=5"" (38)
8

In view of the fact that population growth rate in lran is
approximately constant and is almost equal to 1.5 percent (n = 0/015)%,
and also considering the 8% growth rate in steady state and relation (38),
wewill have: f+6=.75

According to equation (9) and given that y =@, then g+6 will give

us returns of knowledge (Azz)) respect to effective labor force in R&D
sector (a;L(t)A(?)), and investment in R&D (R(¢)). Considering the
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assumption of this study we have a decreasing return to scale in
knowledge production. ( S+ 6 = .75)

The value of current knowledge elasticity of knowledge stock (&)
and current knowledge elasticity of investment in R&D () should be
specified in away that total values of them been 0.75.

Following that a, *® has been calculated, two scenarios have been

defined for that calculation. The value of these scenarios’ parameters
have been summarized in Table (2). In the first scenario B is
considered to be less thand . In the second scenario, however, S is
larger than g .*°

In the case of Iran, it can be assumed that the labor in production of
technology is more important with respect to investment. Therefore, we

go for scenario 1 and calculate the share of optimum labor in R& D sector
in steady state.

Table (2): parameters for calculating the share of optimum labor in R&D

Parameter : Value :
Scenariol  Scenario 2
Knowledge elagticity of investment in R&D () 0.25 0.5
Current knowledge elasticity of stock of knowledge 05 025
(@)

Long run growth rate (g ") 0.08 0.08

Share of investment in R& D sector of total
. . 0.08 0.08

production (&)

Production elasticity of physical capital (« ) 0.3 0.3
Risk aversion coefficient (0 ) 0.09 0.09
Discount rate (£ ) 0.2 0.2
Depreciation rate (J') 0.1 0.1

Given the two scenarios, we substitute the value of parameters from
Table (2) into equation (26). Based on the share of labor in R&D (a; ),
the different levels of production in steady state (¥") (for both scenarios)
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aredrawnin Figure (2).

Le6

14

—8— Scenario |
= Scenario 2
1.2

1 = 1
0.8
06"

0.4"

0.2

Gross domistic production (Bilfion milfion Rials,

0
0 0.05 0.1% .25 0.3 0.35

& é‘hare oflaborin R&D sec.%% of total laboi

Figure 2. The relationship between the share of labor force in R&D sector
(a; ) and production in steady state (")

This graph is descending; it means that economies with low
production or developing countries should have a greater share of labor in
R&D, than developed countries.

Concerning Figure (2), in order to acquire (a,) we should first
caculate the levels of Y'in steady state. Given equation (30), and by

performing some mathematical calculation, the equation (39) will be
achieved.

1 *
—g +p+0
Y =K'xo& — (39)
o

Given the value of parameters stated in Table (3) and equation (39),
the optimum level of production (Y™) is measured. This level is equal to
Y" =514260 billion Riasin steady state. Considering the Figure (2) and
having the level of Y, we can find the amount of a; . In scenario 1 the

optimum amount of «; is measured to be equa to 0.7 percent. In
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scenario 2 this value will be 2 percent. Since we have chosen the first
scenario for Iran’s economy, we take the value of a; at 0.7 percent. It

means that in steady state 0.7% of labor should be applied to R&D
sector.

Table (3): parameters for estimating optimum production in steady state

Parameter Value
Long run growth rate (g ") 0.08
Production elasticity of physical capital (« ) 0.3
Relative risk aversion coefficient (0 ) 0.09
Discount rate (P ) 0.2
Depreciation rate (J') 0.1

Physical capital accumulation (K), (Billion Rials) 159598

4.3. Long run optimum saving rate (s")

In this section we calculate the optimum saving rate in steady state, using
the calculated in section 3-3.

Taking equation (35) and the value of parameters in Table (3) into
account, in Figure (3) we have drawn various amount of optimum long

run saving rate (s~ ) based on the share of investment in R& D sector (&)

in steady state. According to Figure (3) the greater £*that we have in
steady state, the less consumption and greater s° we should aso have.
Thisis economically justifiable issue. Thisis due to the fact that model is
bisectional, and investment in R&D sector comes from the saving of

private sector. In previous sections ¢* was estimated to be 0.28 in steady
state. Figure (3) indicate that the optimum long run saving rate in steady
state should be 0.34 or 34%.
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Saving rate
7

0.25 -
0.2+

0.15
0.1}

L L L 1 1
0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5

Share of investmrnt in R&D sector of total production

0.05
0

Figure 3. Long run saving rate (s" ) based on share of investment in R&D

sector (&7)

5. Conclusion

In this study, through using an augmented endogenous growth model in
which it is assumed that R& D sector is independent, we have considered
the role of investment variables in that sector as separate part, and by
solving that model, the optimum point in a steady state was planned. By
using this optimum point and by applying the output data of Iran’s
economy we estimated the optimum share of investment in R&D of total
production and required labor for R& D sector of Iran’s economy with the
aim of reaching steady state with an economic growth rate of 8 percent.

The results show that:

a) In order to reach higher economic growth rate, the level of
investment in R&D sector should increase. In order to secure more
investment in R& D sector, the saving rate should be increased.

b) To reach steady state, those countries that have low production
(e.g. developing countries) should apply more labor in R&D sector than
the developed countries.

After solving the model, we calculated the parameters at steady state.
Using the data of Iran’s economy. Based on these findings, if we consider
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the economic growth rate of Iran’s economy to be 8 percent, the optimum
investment in R&D should be set at 8 percent of national income
(without oil export). Also, at this level of economic growth rate the labor
required for R& D sector should be placed at 0.7 percent of total labor of
economic. What is more important is that if we want to achieve 8 percent
growth level, we have to alocate 34% of national income to saving.

Endnotes

1. Logistical labor is measured in this equation: L(z)=L(t)(a-bL(t)).
which means that labor can not rise infinitely, and has a maximum
limit.

2. It isassumed that economy isin a baance.

3. It is assumed that household savings are equal to investment. This
assumption is true for two sectors models.

4. It means that derivative of growth rate with respect to time is zero, and
the growth rate is constant.

S. gk =§ and gy =§

6. 2.=2,=8 =8 =8

7. Derivative with respect to time is equal to zero (g°, =0).

8. This section is an application of the calculations done in section 3.

9. A study done by the Central Bank of Islamic Republic of Iran
(Reference number 20) shows that elasticity of production is estimated
to be 0.42. But we estimate this coefficient equal to 0.3. However, a
sengitivity analysis is carried out in section 5 for production elasticity
of 0.42.

10. Most of the articles on coefficient of risk aversion in agricultura
sector had been estimated. This value is an average of the statistics by
those articles.

11. The value of this parameter estimated 0.07 in the reference No. 1. In
section 5 the effects of optimum values of variables have been
analyzed for different rate of this parameter.

*
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12. In section 5 of this article an analysis has been shown, which shows
that the depreciation rate does not have a considerable effect on
calculations.

13. It is necessary to note that the levels of consumption and physical
capital accumulation are based on the statistical data of 2007.
According to equation (37) the ratio of these two variables must
considered here. Since the growth rates of these two variables will be
equal in steady state, and the ratio will remain constant in the time.

14. The average rate of annual growth rate in the forth development plan,
is considered to be 8 percent.

15. It is assumed that the growth rate of labor is equal to population
growth rate.

16. Share of labor force in R&D sector of total |abor.

17. Knowledge el asticity of investment in R&D.

18. Current knowledge elasticity of stock of knowledge.

19. In both scenarios there is decreasing returns to scale, and its value is
B+6=.75. In the first scenario, the current knowledge easticity of
investment in R&D is smaller, and in the second scenario, the current
knowledge e asticity of investment in R&D islarger.
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