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Abstract

Economic growth is frequently explained by an increase in the quantity of production.
However, economic growth is an increase in the productive capacity of an economy and it is
explained by an outward shift of production possibility frontier. The aim of this study is to
measure economic growth as an increase in the productive capacity by using production
possibility frontier. Our result shows that there is a condition in order to guarantee positive
economic growth.
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1. Introduction

Economic growth is not an increase in the quantity of production. Economic growth is
an increase in the productive capacity of an economy. This increase in the productive capacity
can be explained by using production possibility frontier. The present paper’s purpose is to
measure economic growth as an increase in the productive capacity by using production
possibility frontier. To our knowledge, Nutter (1957) discussed measuring productive
capacity of an economy based on production possibility frontier. Our attempt is to contribute
this debate by obtaining simple mathematical conditions. These conditions may be useful in
order to make a growth analysis compatible with the theory.

Following section gives a short literature on the shape of the production possibility
frontier. Third section explains measuring economic growth based on production possibility

frontier and gives two propositions. Finally, conclusions are presented.

2. Short Literature on the Shape of the Production Possibility Frontier

Economic growth is frequently explained by an outward shift of concave production
possibility frontier. However, there is an important literature on the shape of production
possibility frontier.

Worswick (1957) offers a simple proof of the proposition that the production
possibility frontier is convex from above. Green (1959) criticizes Worswick (1957) and shows
that assumption made in Worswick (1957) contradicts certain of the conditions of Worswick
(1957). Bator (1957: 50-53) examines the impact of increasing returns to scale on the

production possibility frontier. According to Bator (1957), if there are increasing returns to
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scale for both of the producers , then production possibility frontier to be concave to the
origin. However, Bator (1957) shows it is also possible that when both production functions
exhibit increasing returns to scale, production possibility frontier to be convex to the origin.
Herberg and Kemp (1969) analyze the relation between returns to scale and locus of the
production possibilities. Herberg and Kemp (1991) briefly explains the main result of the
Herberg and Kemp (1969):

“... it was shown that if joint production is ruled out, if each production function is
homothetic and if some additional, more technical requirements are met, then in a
neighborhood of zero output for any commodity the production frontier is strictly convex
(concave) to the origin if and only if that commodity is subject to locally increasing
(decreasing) returns to scale”.

Melvin (1971) explains a geometric method in order to derive the production
possibility frontier. Melvin (1971) uses the representative isoquants of the two commodities,
and illustrates the relative shapes of the production possibility frontier. Minabe (1980) shows
that if returns to scale do not differ in different output ranges, the production possibility
frontier may not be either concave or convex but may be both concave and convex. Minabe
(1980: 1) says “it is known that slightly increasing returns to scale in one industry do not
necessarily mean that the production possibility curve has the wrong curvature (or convex to
the origin).” However Minabe (1982) corrects that statement in the light of Herberg and
Kemp (1969). Mayer (1974) examines the shape of the production possibility locus when
economies of scale are internal. Mayer (1974) proves that, under some assumptions, if in
both industries local returns to scale are non-increasing, the production possibility locus is
locally concave to the origin. Panagariya (1980), assuming that economies and diseconomies
are both external to the firm and internal to the industry, investigates results of variable
returns to scale for the Stolper-Samuelson and Rybczynski theorems. Panagariya (1980: 501)
shows that “the validity of the Rybczynski theorem is neiher necessary nor sufficient for the
production possibility frontier to be strictly concave.” This result can also be repeated for the
Stolper-Samuelson theorem. Panagariya (1981: 221) considers a “two-commodity model with
increasing returns to scale in one industry and decreasing returns to scale in the other, and
discuss ... implications of variable returns to scale”. Note that economies and diseconomies
are external to the firm and internal to the industry. Panagariya (1981: 222) shows that “the
production possibility frontier is strictly concave to the origin near ... the increasing returns to
scale axis and strictly convex to the origin near ... the decreasing returns to scale axis”.

Tawada and Abe (1984), analyze the shape of the production set of an economy under two
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primary inputs, two consumption goods, and one pure public intermediate good. Tawada and
Abe (1984: 233) show that “the frontier is uniformly concave to the origin if the production
functions are separable in primary and public inputs and if the elasticity of output with respect
to the public input is constant and the same between industries.” Kemp and Tawada (1986)
analyze the characteristics of the world production set assuming variable returns to scale and
show that, “the world production set has the same properties as the production set of a single
closed economy”. Kemp and Tawada (1986: 260) prove that “if in both countries the second
industry is subject to increasing returns to scale then ... the world production frontier is
strictly convex to the origin; and this is so whatever the returns to scale in first industry” and
“if in both countries the second industry is subject co decreasing returns to scale then ... the
world production frontier is strictly concave to the origin; and this is so whatever the returns
to scale in the first industry.” Tawada (1989) assumes an economy which has one factor
(labour) and two commodities which are tradedable. The factor, labour ,is not mobile among
countries, however it is mobile between domestic production sectors. Tawada (1989) also
assumes constant returns to scale conditions. Tawada (1989) imposes an additionally
assumption such that external economies exist in the production of the first commodity, thus,
“the social production of the 1st industry obeys increasing returns to scale... while the 2nd
commodity is referred to as the constant returns to scale commodity” (Tawada, 1989: 22).
According to these and some other assumptions, “the frontier is negatively sloped and strictly
convex to the origin” (Tawada, 1989: 24). Wong (1996), determines two conditions which are
required for Herberg-Kemp curvature. Dalal (2006), using a maximum value function,
shows that the conditions which are sufficient to assure global concavity of the production
possibility frontier are considerably less stringent than those stated in the literature. Dalal
(2006) demonstrates that concavity without homotheticity, or non-increasing returns to scale
and quasiconcavity without homogeneity are sufficient the generality of existing results.
Finally, Mert (2016a) shows that if returns to scale are constant or increasing or decreasing,
production possibility frontier can be convex or concave or linear under certain conditions.
Taking into account the textbook explanation of economic growth, the aim of this

work is to measure economic growth using concave production possibility frontier.
3. Measuring Economic Growth Using Production Possibility Frontier

Economic growth occurs when productive capacity of an economy increases. This is

shown as an outward shift of concave production possibility frontier. Then, economic growth
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can be measured if this shift is measured. In order to measure this shift, first, assume that

Cobb-Douglas production functions of two commaodities (x and Y ) are the following:

Q, = AKLL (1)
Q, =AKLY 2)

Q isoutput, A is level of technology, K is capital stock and L is labour force. « is elasticity
of output with respect to capital, and £ is elasticity of output with respect to labor. The level
of technology is constant, identifying assumption is Hicks-neutral, and «,,a, , B,, B, have
positive values.

The isoquant curve for the commodity X andy are the following:
K,=aL™ 3)
K,=a,L” (4)

where a and b are parameters (a, >0 and b, >0 ; a, >0 andb, >0).

. dK, L, dK, L, :
Since =-b,and ——=-b , (5) and (6) can be written.
dL, K, dL, K,
ﬂx /ax = _bx
®) B, [, = b, (6)

Mert (2016a) shows that in the light of the definitions above, the equation of the

production possibility frontier is the following:

b, 1)(8, +a Pyray o .
A %‘ﬂ"“x ab, | dK, dK, )™ (~b, )™
Oa —=q, ™
A ab, d, ) \d, ) (b,
(7) can be rewritten as:
(s 71)(ﬂy tay ) byray ay -a
A, e, o1 (K (e
dQ,—~L, ™ 30, y (de) ( bx)a =dQ, (8)
Ax ayby dLy de (_ by) y
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In order to measure the shift, assume that dQ, =0. Then (9) can be written:

(~b-1)(8, +ay ) Pyray ay o
RS ot i Ay b1 dK e
I s L CArCANIL

a,b, dL, | L dL,

Implementing rules, followings occur:

—h, - +a ﬂ+ -
oA L()()(b j[dK} (g o,
X Ax g ayby dLy dLX (_by)ay

Bytay

(~b-1)(8,+a,) 2%y ay —a "
5& Q L byl P a‘xbx ot de de (_ bx ) '
AX X X

a,b, d, ) (dL,

(0, 1)(3, +ar) by

o i( b} (dK] (dKXJ“* (=b)" |,
dLy dt, (_by)uy

A
- By +a
—bx—l),b’y+ay y_ Y o
[dLj o A L”{b] (-b,)" |,
I dL, A ab, b
Pytay

y
ax _b B Q iL bxj}ﬁ{aﬂ_ﬂx_ax de N de - (_bX)ax +
ayby ' A, ' dLy dL, (_by)ay
5( bx)X QxiLx —by-1
A,

(=b,-1)(8, +az,) Byrey a - ]

o9

o9

—By—ay ab —b, -1 de y dKX oy
ah, de, ) (dL,

a,b,

By+ay a _
b1 dK "’ o R
Since it is assumed 5[axbxj =0, 5[[ y] (dKX] ]0 and 5( bX)a =0

(see, Mert (2016a)) followings are written:
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A, a,b, dL, a, ) (- e
—by = +a M ay -a
N )(b R ESEAC
Al a,b, e, ) (d,, ) (b, )
(-b-1)(B, +a, ) ﬂ_ y+fy a, —a, "
o an V) ) |
A lab, d, ) dr, ) (-, )

B, +a
(7bX7) y+ay y y y —Qy
00 L e (a, oAk, ) (k)|
X X ayby dLy de
(11)
By+a
( x_) ytay b1 o o “
so | A I e (a0 (A ) (A, (b
X Ax X ayby dLy dl-x (_by)ay
(_bx_l)(ﬂy+ay) ﬁyﬂzy ay =0y o
Ax x =x ayby dLy de (_by)ay
By+a
(b LBy +ay b1 o o ’
5Lb-lbiﬁ-1)ﬂx“* o Afab, | (9K, |7 KT (b ) |
X X AX ayby dl—y de (_b)')ay
(12)

Rearranging (12):
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(—by *l)(ﬂy tay ) b “ o “
RNA |1 P ab, | K, {de] (=b)™ |,
Qu | A " ayby dLy dLX (_ by)ay
b, — +a M % -
Plal L”’Z('B)ﬂ [.axbx_] b (de] [dKXJ e,
A " ayby dLy dL, (_by)ay
ﬂy+ay
ey [ J 1(dK J (dej“* (=b)" |,
X Ax dLy de (_ by )”y
(13)
N, iL b1 Bi—ax axb b : dK [dej (_bx) .
Qx Ax " ayby dLy dLX (_ by )ay
b, = +a M it -
oA e a, | A, ) b
AX X ayby dLy de (_ by )ay
—b, — +ay ﬂy+ay “ -
_d_(mlb)gﬂyl)ﬁxax iLaXbXJ_by_l(deJ (deJ " (_bX)mX
X Ax ayby dLy de (_ by )ay
(14)
ﬂy+ay
ey dK y oy - oty
Assume that R = b, : i, ( bX) :
a,b, de, ) (d,, ) (b, )

Leaving alone

IJER — NOV - DEC 2016 Available online@www.ijeronline.com 81



Merter Mert, Int. Eco. Res, 2016, v7i6, 75 — 86 ISSN:2229-6158

_ﬂx—ax
—b,-1 .
A LX R (—bx—l)(ﬂy+ay )_ﬁ —a |:'A;/ R:|
mx A - ) - é]_x -by-1 —b, 1) ) (16)
QX Ax A x )ﬂeray —Px—ay A ( i )ﬂy+ay o
vy, R oL i
A
(-b,-1)(B, +ay)
5, :_5ii— T P - 1 | (17)
. —bx—l ﬁy+ay
Qx Ax Ay L -by,-1 e
Rearranging (17):
1 /Bx ax
0, (A &) 4 b (18)
o 1A A Copyray) o
X o .

X

Since identifying assumption is Hicks-neutral, the level of technology is assumed to be

constant (see, Acikgoz and Mert (2015)):

(-b-1)(By+ay)
m d_ 7b\/71 ﬁ)( a)(
x __ Oy (19)
_/Bx_ax

- (-by *1)(ﬁy +ay )
Q. LT

X

Since there are full-employment and constant returns to scale conditions at steady-state

equilibrium (see, Mert (2016b)) (19) becomes:

(_bx_l)_l
o
Ry Ay (20)
Q ( X )71
x L—by—l

X

Rearranging (20):
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by b,

b, 1

&x - _ d‘x '
b, b,

QLA

X

Since B, /a, =

(21)
—b, and B, /a, =-b, (21) becomes:

ﬂxay 7ﬂyax

ayay

KN, A,

- ﬂxay_ﬂyax
Q Py =Py
X

(22)
Lo«

ﬂxa’y 7ﬁyax

O

pPy—a
&gx _ é]_x y %y

ﬂxay 7ﬂyax
Q Px@y=Pyox
X

Oy

By—a
Lx y "%y

(23)
Assuming «, =«, asin Mert (2016a):

ﬂxfﬂy
By
@x 3 _b]_xy y

QX ﬂx 7ﬁy
Lﬁy_ay

X

(24)

(24) shows that if there is positive economic growth stem from an increase in the
labor, then it should be:
)if g, > p, thena, > B, ,

i if g <p, thena, < g, .

Since a, =«a,, it should be:
if g, >p, thena> g, ,

i if g <p, thena<pg, .

As a result following proposition is proved:
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Proposition 1: For an economy with two commodities; if there are constant returns to scale
conditions for the growing sector, if the identifying assumption is Hicks-neutral, and if
elasticity of output with respect.. to labor is same between sectors, then, for a positive
economic growth in one sector which is based on an increase in the labor of that sector, it
should be:

if g > p, thena >4, ,

ii) if B, <, thena <3, .

This proposition is compatible with the concave production possibility frontier.

According to Mert (2016), if 5, > g, and « = g, and if there are i) constant returns to scale
only for producer of x (3, +a =1)or only for producer of y (g, +a=1) and if g <o then
production possibility frontier will be concave. Moreover, if g, <, and « = g, and if there
are i) constant returns to scale only for producer of x (8, +«a =1)or only for producer of y
(ﬁy +a :1) and if g > then production possibility frontier will be concave. Since, this
study explains economic growth as an increase in the production capacity of x, we need to
assume that there are constant returns to scale only for producer of x (5, +a =1) .

Then Proposition 1 can be rewritten:

Proposition 2: For an economy with two commodities; if there are constant returns to scale
conditions, if the identifying assumption is Hicks-neutral, and if elasticity of output with
respect to labor is same between sectors, then, for a positive economic growth in one sector
which is based on an increase in the labor of that sector, it should be:
i)if g >p, thena>p, and a+p, =1,
i) if g <p, thena<p, and a+ B, #1.
4. Conclusion

Economic growth is frequently explained by an increase quantity of production.
However, economic growth is an increase in the productive capacity of an economy and it is
explained by an outward shift of concave production possibility frontier. This study proposes
to measure economic growth as an increase in the productive capacity using production
possibility frontier. Our result shows that there is a condition in order to guarantee positive

economic growth such as shown in Proposition 2.
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