Introduction

« Economic growth has been one of the most
hotly debated topics in the economic theory
history.

¢ The importance of studying economic
growth is due to the vast differences in
standards of living over time and across
countries.

« The goal of research on economic growth is
to determine whether there are possibilities
for rising overall growth or bringing
standards of living in poor countries closer
to those in the world leaders.

Growth Facts

« Variability of growth rates (over time and
across countries)

» Average real income today is between 10
30 times larger than a century ago.

 Decline in productivity growth (overage
annual growth in output per person)in
industrialized countries since 1970.

* Enormous differences in standards of

living countries.

Solow’s Model

(Modeling economic growth)

*Solow model is the starting point for
almost all analyses on long-run growth ar
first-order cross country differences.

*The principal conclusion of the Solow
model is thathe accumulation of physical
capital cannot account for either the vast
growth over timein output per person or
the vast geographic differencesin output
per person.
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Kaldor Facts in industrialized
countries

» Output per worker grows over time
» Capital per worker grows over time
« Capital-output ratio does not change much over

time

» Rate of return to capital(interest rate) is steady
« Constant shares of labor and capital expenditures

in National Income

» Wide disparities in growth rates across countries

Questions

« Are there any policies that the government o

poor countries could have implemented to
grow as fast as Japan?

« If so, which ones?

« If not, what was so special about the nature

Japan?
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Assumptions of the model

The evolution of labor and knowledge is
exogenous.

Population equals labor force
Labor and Knowledge grow at constant rates
?L,=nL

A= gA
Effective labor grows at the rate (g +n), the
combined rates of technical change and
population growth.




A. Producers

*The economy has some amounts of capital (K),
labour (L) and knowledge (A), and these are
combined to produce output (Y)

Yl = F(Kt‘AtLt)

*The production function has constant returns to
scale in its two arguments, capital and effective I

F(AK, ,A4L) = AF(K ,4L,)

¢ The initial level of K, L and A are taken as giver.
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EXAMPLE: y=K’(AL)*?
« Solving the firm profit maximizing problem, we hav

maxd(AL) O K? —wL, - 1K}

F.O.C.
w, = 1-60)(A)"L°K?  andr, =6,(AL) K
we canthencomputetheshares,

wl 1-6, andr‘TKt = 6 whichareconstant.
t t
< In “per worker” terms: Output per effective worker
(Y/ALY= (KZALY (AL
=(K/ALY)?
Y=k’

The Dynamics of the model
1. The dynamic of k

?k/k, = PKJ/K, ) - ?AJ/A) - (?LJL,)
7k = KK ) k—(@+n)K
?k = KK ) (KAL) —(@+n)k
=(?K/AL) - (@+n)k
=(sY-dK)/(AL)—(@+n)k
= (Bl dk AL ALY - (9
+n)k

=sy-dk—(g+n)k
=sy,-(g + n+d) k,

¢ The intensive form of the production function:
the amount of output per unit of effective labou
depends only on the quantity of capital per unit
of effective labour.
Y/AL = F(K/AL,1)

y =f(k)

* Where f'(.) >0 and f'(.)<0
« The change in capital stock equals aggregate
investment less depreciation.
?K, =l - dK;

B. Consumer

» Assume fixed saving rat& =sY
(Consumers have already made the consumption-
saving decision)
» Supply of saving will determine the level of
investment (Say’s low)
« Given anincome of Y
— consumption: GY-S=(1-9-Y
— saving(invest): | = S =sY

e The first term in right hand of this equation, is
saving per worker witch is equal to gross
investment per worker. The second term, is the
break-even investment, the amount of investment
that must be done to keep capital stock per
effective worker constant. Reasons:

* To replace capital witch depreciaté)

. ‘(I'ok)produce capital to new employees in the markgt
n

* To produce capital to more productive employeés$ (g

e Thus:
— If Ak> 0: economy accumulates capital per worke
— If Ak < 0: economy reduces capital per worker
— If Ak = 0: constant capital per worketeady state




2.Computing the steady state

Steady state: situation in which the economy
replicates itself over time

* In steady statek = 0

Ak = sTF (k) - (n+ g +5)k
0=sf (k) - (n+g+5)k
sf (k) =(n+g+d)k

s  _ k
n+g+d  f(k)

 Along the balanced growth path, the output
and capital stock grow at the same rate as
that of the effective labour, which is
independent of the saving rate. The saving
rate only affects the level of steady state,
not the long-run growth.

K, = kAL, O %:n+g

Y.=yAL O £l=n+g

» Along the BGP,the capital stock grows at the

same rate as income, so that K/Y is constant:

ﬁ:EAL[:E: S
Y, YAL Y n+g+d

 Along the BGP, the rate of growth of income
per worker depends only on the rate of
technological progress, not on the rates of
saving and population growth.

Graphically
Required
saving:@+n+g)k

/Ak <0
sf(k):

actual
saving

;

ko kss k

Ak >0
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Implications of the model

» The economy converges, over time, to its
steady state.

— If the economy starts BELOW the steady state,
it accumulates capital until it reaches the steady
state.

— If the economy starts ABOVE the steady state,
it reduces capital until it reaches the steady
state.

Comparative statistics

Parameters of the modsl:n,g,0
Predictions of the model:
* In steady state:

— Higher savings rate implies higher income per \work

— Higher population growth implies lower income pe
worker

— Growth rates decrease as the country approaches
steady state

— Countries that start further away from the stestdie
grow faster




Savings rate and growth
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Population growth rate and growt

(g+3+ny)k

(g+d+nyk

Long-run effect of a rise in saving on output

Wi*: f1(k¥) ok * (s,n,g,d)
ds ds

ok* _
os
sf(k*(s,n,g,9)) =(n+g+0d)k*(s,n,g,0)

?

O sf'(k*(s,n,g,a))‘”(—*+ f (k*) :(n+g+6)a£
ds 0s

ok* _ f (k%)

s (n+g+0)-sf'(k?)

f (k¥)

O

O M: f'(k*)(

ds n+g+9J)-sf'(k*
dy* s __s £1(k%) f (k)
ds y*  f(k¥ (n+g+9d)-sf'(k¥

_ (k) sf (k*)
f(k9 (n+g+d)—sf'(k?)

o sf(k*) =(n+g+d)k*
oy* s _ f'(k¥)(n+g+d)k*

95 y* f(k*)ﬁn+g+5)—(n+g+5)k* ff((:))ﬁ
_ k(R (KY)
T1-k* (9 (kY
= 6k

T 1-6(kY)

«In competitive market, capital earn its marginaduct. In
most country, the share of income paid to capstabiout 1/3
Thus the elasticity of output with respect to theisg rate in
the long-run is about %.

«Significant changes in saving have moderate effectthe
level of output on the balanced growth path

Convergence

¢ There are three reasons for convergence:
« Countries converge to their BGP

« The rate of return on capital is lower in courgrie
with more capital per worker. Capitals flow
from rich to poor countries.

« Diffusion of knowledge converges the
effectiveness of labour

Growth accounting

day =Y ok + 9 aL+ %Y ga

oK oL 0A
dY_KovdK Lavdl, Aoy da
Y YOKK YoLL YoAA
d—Y:Qd—K+(1—6)%+R
Y K L
*The first term, in right is the fraction of outpgitowth
attributable of the capital. The second term isftaetion of
output growth due to growth of labor force. Thedhierm is
the fraction of output due to productivity growtiieh is
called theSolow residual.
*Solow residual reflects all sources of growth othen the
contribution of capital and labour growth.

*The Solow residual is used by Real Business Cydladels




Central Questions of the model

How explain the differences in output per workeross time
and space?

Two sources of variation in output per workerhie Solow
model: capital per worker (K/L) and effectivene$satour (A)

The output per worker in industrialized countiiggabout 10
times larger than poor countries:

Y -10
Yo

0
Di_lo

7 =

O LY =10 =16 =100
K,

» There is no evidence of such differences in chpita
stocks. Differences in physical capital per worker
cannot account for the differences in output per
worker in space and time.

» Conclusiondifferencesin standards of living is
attributed to differencesin the effectiveness of
labour.

» Solow model successfully explained the stylized
facts of Kaldor. In this model capital accumulation
does not account for a large part of long-run
growth. In fact, if we don’t consider population
and technology growth in our model, there is no
long run growth.

In addition, this model attributes most of long igrowth to
the growth in effectiveness labor, whose exact nnggis
vague and whose behavior is taken as exogenous.
Hence the model could not provide us with satigfyi
answer to our central question about economic growt
What is a basic driving force of the economic giuivt
Development of endogenous growth theory (theseetsod
are beyond the scope of this course.)

Solow model suggest that, if there are no bart@apital
mobility, a country with high saving does not mean
country with high investment.

Feldstein and Horika (1980)found that there isrsgr
relation between saving and investment.




