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EFFECTS OF CHANGES IN FACTOR ENDOW-
MENTS ON FACTOR PRICES

EOR MYONG- KEUN*

l. Introduction

Changes in factor prices may be analyzed by virtue of the demand for
and supply of the factor in the factor markets. However, as long as the
demand for factor is a derived demand, changes in factor prices are
affected by conditions of the goods market. Under the framework of
general equilibrium, factor markets as well as goods market should be
cleared. If there happens to be an exogenous change in any market, it
will cause excess demand or excess supply in both market.

Existing general equilibrium models that have been used to
examine the changes in factor price can be classified into the
Heckscher-Ohlin -Samuelson (H-O-S) model and the standard
specific factor (S-F) model'. The H-O-S model assumes that all
factors are perfectly mobile over the regions while the S-F model
assumes that the production of each good requires a specific factor
and a mobile factor which is commonly used in the production of all
goods. The H-O-S model emphasizes the long-run property of the
general equilibrium in that factor prices are affected by factor
substitution while the S-F model can be considered as the short-run
approach in that the forces of excess demand and excess supply
dominate in determining factor prices.

In examining factor prices in economies where agriculture has
considerable importance, the S-F model seems to be more adaptable
since land is usually assumed to be region-specific factor. According
to the standard S-F model, however, only two goods are produced by
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three factors, two of which are specific to each industry and the third
is mobile. Therefore the standard S-F model cannot reflect the case
where more than one mobile factor and specific factor are required to
produce each good.

The purpose of this study is to analyze the changes in factor
prices corresponding to the changes in factor supply or factor
movements. Since rural and urban lands are specific to each region in
most underdeveloped countries, we will utilize the modified four
-factor, three good S-F model which can be considered as an
alternative in the intermediate-run.

li. The Model’
1. Assumptions

We begin with the following assumptions.

First, there are two regions, urban and rural, in a country. Second,
there is only one sector, farming (F) in the rural area while two
sectors, manufacturing (M) and service (S) exist in the urban area.
Third, all three goods use two mobile factors, capital (K) and labor
(L), as well as a region-specific factor. Thus, the farming sector uses
rural land (R) which is specific not only to the farming sector but also
to the rural region, while manufacturing and services use urban land
(U) which is region-specific but is mobile intersectorally between two
sectors, M and S, within the urban region. Fourth, each sector has a
different production function under CRTS and there exist perfect
competition and full employment in the economy.

2, The 4 x 3 Specific Factor Model

Suppose the production functions for farming (F), manufacturing (M)
and services (S) are given, respectively, by

F =F (Kr, Ls, R¥)
M = M(Kw, L, U)

? The derivaﬁon of the model in this section is mainly based on Eor (1992).
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S =S (Ks, Ls, Us)

where the subscripts indicate the sectors in which the factor is used. It
is assumed that marginal products are positive but decreasing, while
the second cross partials of output with respect to factors are positive,
i.e., any marginal product is increased by an increase in the usage of
another factor.

Full employment requires that

ZiKi=K forj=FM,S,

ZiLi =L forj=FM,S,

ZiUi =U forj=M, Sand
Rr=R

Four factors and three commodities in this model raise the
computational complexity of differentiating full employment and
competitive pricing conditions. They can be reduced by using the
properties of the GNP function. The commodity prices are exogenous
since the economy is assumed to be small and open. Maximization of
GNP subject to the constraints imposed by technology and full
employment implies the existence of a GNP function, G(P,V), where
P and V are vectors of commodity prices and factor endowments,
respectively. That is,

P= (Pr, Py, Ps) and V = (K, L, R, U).

Let wi be the price of factor i.
Then the properties of the GNP function are

(T1) Gv= 3G/ aVi=w;

(T2) wi = dwi/ aVi= 3° G(P,V)/ aVi aVi= 3’G(P,V)/ Vi aVi
= dwi/ Vi = wu;

(T3) 2°G(P,V)/ aVi’= aWi/ aVi=wi< 0;

(T4) ZwaVy =0, fori,k=K,L,R,Uandj=F M, S

* Property (T1) is proved by Woodland (1982, pp 127~8 ); (T2) follows from (T1)
and the symmetry of the cross partial derivatives of the GNP function; (T3)
follows from the concavity of G(P,V) in V and the fact that wi ¥ O when the
number of factors exceeds the number of goods. Dalal(1985) established and
proved property (T4).
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3. Comparative Statics

The effects of changes in factor supplies on factor prices can be
identified by obtaining comparative static results of the parametric
changes in factor supplies in our model. Factor i and j are defined as
friends (enemies) if wi > 0 (<0), as Ruffin (1981) did.

Using (T4) we obtain
wiKm + witLm + wivUm =0 (1)
wiKs + wiLLs + wiuls =0 2
wikKr + wiLLs + wirRr =0 3)

fori=K,L,R, U.

Equations (1)-(3) can be solved for wa and wir and wiv in terms
of wix to yield

wiL = (-wik)(KmUs-KsUnm)/(LmUs-UnLs) = ~wik(D2/D1) 4
wiv = Wik(KmLs-LnKs)/(LmUs-UmLs)= wik(Ds/Dx) 5)
WiR = (-WiK){KF(LMUs-UMLs)-LF(KMUs-KsUM)}/R(LMUs-UMLs)

= (-wix)(KrDi-L¢D2)/RD1 (6)

where D1 = LMUs-UMLs, D2=KmUs-KsUwm and Ds=KwuLs-LuKs.

Substituting K, L, R and U for i yield

WKL = 'WKK(DZ/DI) (7a)
WkU = WKK(Da/Dl) (7b)
WKR = -WKK(KFDI-LFDZ)/RDI (7C)
WLu = -WLL(Ds/Dz) (7d)
wir = Wi(KrD1-LrD:2)/RD: (7e)

From equations (1)-(3) we can derive
wur = Wuu(LrD2-KrD1)/RD:s ) (79)
Equations (7a)-(7f) can be analyzed in terms of the factor

extremity condition as follows:
Factor k is a middle factor while factor h and r are extreme factors if
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VhM/V s > Vim/Vis > Veu/Vis or
Veu/Vis > Vim/Vis > Vin/V hS,
forh,k,r=K, L, U.

Thus the results of the above comparative statics can be
summarized as follows:
(1) As long as labor or capital is the middle factor in the urban area,
exogenous increase in labor (capital) causes the price of capital (wage
rate) to rise.
(2) As long as capital or urban land is the middle factor in the urban
area, increase in capital (urban land) will raise the price of urban land
(capital).
(3) As long as labor or urban land is the middle factor in the urban
area, exogenous increase in labor (urban land) will raise the price of
urban land (wage). These findings are consistent with Ruffin's(1981)
theorem.*
(4) The price of rural land is affected not only by the factor intensities
but by the relative magnitude of factor employments in each sector.

Ill. Empirical Application to South Korea

In order to apply the comparative static results to South Korean case,
we need the data on sectoral factor endowments which are not readily
available. Relative friendship elasticities of Clark and Thompson
(1986) enables us to obtain the results.

Define factor friendship elasticity (factor endowment elasticity
of factor price),

Chi = (Vi/Wh)Whi, for h,i = K, L, R, U.
That is, elasticity en measures the response of the price of factor

h to a change in the endowment of factor i.
Then the relative friendship elasticity is defined as

+ Ruffin (1981) found out that if there are three factors and two goods produced in a
competitive, small open economy operating under CRTS, an increase in the supply
of an extreme factor will benefit the middle factor and hurt the other extreme
factor when a change in any factor supply affects factor prices.
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Eni = en/enn = Viwni/Vawnn (8)
forhi=K,L,R, U.

That is. the relative friendship elasticity Ew is the ratio of the
cross endowment elasticity of the price of factor h (caused by a
change in the endowment of factor i) to the own endowment elasticity
of the price of factor h (caused by a change in the endowment of
factor h). Note that the relative friendship elasticities are standardized
with respect to their own elasticities, and

En>(<)0,
if factor h and i are enemies (friends) since em < 0.
Equation (8) implies that
EKK':ELL.:ERR:EUU: 1
After some calculations we have

Exw =-SiB2/SkB: )

where Si is factor i's share in the economy.

Similarly,
Exr = Sr(firBz-fxrB:1)/SkfreBi (10)
Ext = SuBs/S«B: 11)
Eix = Sx(fieBi-firB:)/ScfrrB: (12)
Ewe = -SuBs/SLB: (13)
Evr = Sr(furB2-fieB1)/ScfreBs (14)
for B: = fLMfl.’S'fl.‘MfLS, B: = fumfus-fumfrs and
B: = frufis-fufis
Note that

Ewx = ewx/ew = (K/L)(wi/wir) = (K/L)(-Di/D2) = 1/Ex,
Erk = erx/err = (K/R)(Wrx/Wrr) = (K/R){R¢D:/(LsD2-K¢D:)}
= 1/Exr
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Er. = CRL/CRR = (L/R)(WRL/WRR) = (L/R){(RFDz/KFDx-LFDz)}
= 1/Ewr

Euk = eux/ewu = (K/U)(WUK/WUU) = (K/U)(DI/D4) = 1/Exu,

Eu = euv/evw = (L/U)(WUL/WUU) = (L/U)(-Dz/D4) = 1/Ew

Eru = eru/err = (U/R)(WRU/WRR) = (U/R){RFDs/(LFDz-KFDl)}
= 1/Ew.’

Let the revenue share of the jth good in GDP be denoted by
y; = PiXi/Y. Then,

Sk = nyKF+ nym+ ysts
S.= nyLF+ nyLm+ ysts
Sk = nyRF

Su= nyUM + ysfus

and the GDP accounting identity implies
ZSi=1,fori=K,L,R, U.

In order to obtain factor friendship patterns through the relative
friendship elasticities, we need only sectoral and aggregate factor
shares. The compensation of employees in the national account is
considered as the payments to labor in the manufacturing and service
sectors. Thus, the labor shares in both sectors are calculated by the
ratios of the compensation of employees to the GDP in each sector.
These data come out of the Yearbook of National Accounts Statistics
issued by the United Nations in 1983 and 1990. In contrast, the labor
share in the farming sector is derived directly by the data on the
survey of production costs of agricultural products. These are from
the Results of Production Cost Survey of Agricultural Product, issued
by the Ministry of Agriculture, Forestry and Fisheries, South Korea,
in 1980 and 1988. The aggregate labor share (S.) calculated as the
ratio of total compensation of employees (wiL) to the GDP (Y).

5 The result of Eni = 1/Ein requires eni/ens = eii/€in,
or eni eib-eiiens = 0, which implies
whi Vi/wr)Win(Vi/Wi)-wiil Vi/wi )win( Vo/wn)= 0, or whi - wiiwnh = 0,
This would hold if the GNP function is concave (but not strictly concave) in any
pair of (Vi, Vj). But it is hard to find any theoretical proof of this concavity in case
of more than two factors. We simply derived the relationship using our assumption
and definitions of factor friendship elasticity.
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Payments on capital are calculated from sectoral capital stock
multiplied by its rental rates in the manufacturing and service sectors.
The data on these are from the sectoral capital stock estimated by Pyo
(1988), and the real interest rates in the curb market surveyed by the
Bank of Korea.® The capital share in the farming sector is also derived
directly from the Result of Production Cost Survey of Agricultural
Product, the Ministry of Agriculture, Forestry and Fisheries, South
Korea, in 1980 and 1988. Aggregate capital share (Sx) is derived by
the ratio of total payments to capital (wkK) to the GDP (Y).

Rural and urban land shares can be derived as residuals from the labor
and capital shares.

Table (A-1) in appendix shows the result of the empirical
application to South Korea from 1970 to 1987. As discussed above,
the signs of the elasticities are opposite to the sign patterns of factor
friendship. That is, positive (negative) elasticities imply that the two
factors are enemies (friends). Note that the magnitude of the relative
friendship elasticity, Ey, is the response of factor i's price to the
change in endowment of factor j relative to the response of factor i's
price to the change in its own endowment. Thus, it is meaningless to
compare the quantities of one row with those of any other row in the
matrix of relative friendship elasticities.

According to the factor extremity condition, labor is the middle
factor in the urban region during the 1970-1978 period excluding
1973, and urban land becomes the middle factor in 1973 and 1979.7
Also, in the 1980's, capital becomes a middle factor in the urban
region.

The results of the empirical application can be summarized as
follows:

(1) When labor is the middle factor (i.e., when capital or urban land is
used most intensively in the manufacturing sector relative to the

¢ Refer to Pyo, H. K., 1988, "Estimates of capital stock and capital/output
coefficients by industries: Korea (1953-86),"Interrational Economic Journal 2(3),
92-3. Also, Cho, Y. J., 1990, "The financial policy and financial sector
developments in Korea and Taiwan," in J. K. Kwon (ed) Korean Economic
Development, Greenwood Press, New York.

? By definition, fam/fhs > fim/fis > frm/fis is
(WrVam/PMXM)/ (WhVis/PsXs)>(wkVim/PMXm)/(WikVis/PsXs)>(weVim/PuXm)/
(Wi Vr/PsXs)
By multiplying PMXm/PsXs yields
ViM/Vis>Vim/Vis>Vim/Vis.
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service sector) as in most 1970's, Ex: has negative sign which implies
that an exogenous increase in capital (labor) raises wage (rental price
of capital) via excess demand for labor. In contrast, Exr and Exu are
positive, so an increase in capital (urban and rural land) lowers rental
prices of land (rental price of capital) via excess supply of rural and
urban land caused by increased capital. Exogenous increase in labor
supply results in excess demand for rural and urban land and thus
raises the rental price of both rural and urban lands in this period.
Positive Eru implies that rural and urban lands are enemies so they
have the same direction of changes in prices in this period.

(2) When urban land is the middle factor as in 1973 and 1979, both
capital and labor become friends of rural and urban land. But capital
is an enemy of labor and rural land is an enemy of urban land. Thus,
any exogenous increases in capital or labor raises the prices of both
lands.

(3) When capital is the middle factor in the urban region, the effects
of changes in other factor endowments on the price of rural land are
indeterminate if the other mobile factor, labor, is most intensively
used in the farming sector.

When rural land is an enemy of the middle factor as in the 1981
-1986 period, exogenous increase in capital raises both the wage rates
and rental price of urban land while it lowers the rental price of rural
land. In contrast, exogenous increases in labor raises the price of rural
land and lowers urban land price. But rural land is a friend of urban
land, so their directions of changes in prices are opposite.

When rural land is a friend of the middle factor as in 1980 and
in 1987, exogenous increases in capital raises the prices of all other
factors while an increase in labor lowers the prices of both rural and
urban lands. In this case, rural and urban lands are enemies, too. Note
that the relationship of rural land to the middle factor is always the
opposite of its relationship to the extreme factors. :

IV. Summary and Conclusion
This study extended the number of factors and commodities of the S-

F model by utilizing the properties of the GNP function and the
relative friendship elasticity formulas. Major findings can be
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summarized as follows: First, as long as labor is the middle factor,
exogenous increases in capital or capital inflow didn't raise the rental
price of rural land. Thus, capital inflows from abroad into South
Korea didn't contribute to a rise in the price of rural land in the 1970's.
In contrast, capital inflow resulted in a soaring price of urban land
thereafter.

Second, the price of rural land rose when labor increased
exogenously in most years during the sample period. Also, labor
migration into the urban region raised the price of urban land until the
1970's. Thus, the rises in the price of urban land can be explained by
labor migration in the 1970's and by capital inflows in the 1980's.

Third, rural and urban lands are enemies until 1980, but friends
after 1981 excluding 1987. That is, expansion of urban land raised the
rental price of rural land during the 1980's.

Fourth, the relationship of rural land to the middle factor is
always the opposite of its relationship to the extreme factors. So, for
instance, when labor is the middle factor, increase in labor causes the
price of rural land to rise but increase in capital or urban land causes it
to fall.

From the above discussion the following policy implications
can be suggested:

(1) For the stabilization of the urban land price, analyses of the
relative factor intensity and extremity is required to find the middle
factor and extreme factors.

(2) Since the price of rural land is usually raised by an increase in
labor rather than that in capital, restraint of labor out-migration from
the rural area will prevent the price of rural land from falling.
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(Appendix)
TABLE(A-1) Estimates of Relative Friendship Elasticities

ExL Exr Exku Err ELu Eur
1970 -1.37 25 12 -.18 -.09 2.17
1971 -1.39 .25 .14 -.18 -.10 1.76
1972 -1.47 21 .26 -.15 -.18 .83
1973 5.81 -1.62 -5.18 -28 -.89 31
1974 -2.76 .48 1.28 -.17 -47 37
1975 -2.25 34 91 -.15 -41 .38
1976 -2.15 23 92 -11 -43 .26
1977 -1.79 .14 .65 -.08 -.36 22
1978 -1.33 .06 27 -.05 -.20 23
1979 .95 -.28 -1.70 -.29 -1.76 .16
1980 -.70 -.003 -.29 01 41 .01
1981 -.93 .02 -.09 -.02 .09 -.23
1982 -.90 .01 -11 -.01 12 -.09
1983 -93 -.02 -.08 -.02 .09 -.20
1984 -.94 .02 -.08 -.02 .08 -.24
1985 -.90 .02 -12 -.02 .13 17
1986 -.86 .01 -15 -.01 18 -.07
1987 -.66 -.01 -.40 .01 .60 .02

Note: Ej = eii/eii = ejiejj = 1/Eijand Ei = 1, for a 1i,j.
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