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DYNAMIC ADJUSTMENT IN A SMALL OPEN ECONOMY 

           WITH UNEMPLOYMENT*

 Katsushi TERASAKI

Abstract The purpose of this paper is to investigate the possibility of 
unemployment in the short run and its adjustment process toward the new long-
run equilibrium and to investigate the social welfare. This system is characterized 
by downward wage rigidity causing labor to idle. This paper devotes to explore 
occurrence of involuntary unemployment with downward wage rigidity and 
adjustment process in short run and long run.

I. INTRODUCTION

 An exogenous change in the terms of trade gives rise to resource real location in 
a small open economy. In recent years there has been a systematic exploration of 
the implications of relaxing some strict assumptions of the theory of international 
trade. The assumption of instantaneous capital transfer between sectors as a first 
approximation to reality is one of them. 

 Mayer [1], Mussa [2] and Nealy [3] assume that, in the short run at least, capital 

goods are sector-specific,1 and show that the Stolper—Samuelson and the 
Rybczynski theorems2 holds only in the long run. On the other hand, in fact, we 
often observe unemployment caused by an exogenous price reduction in export 
or import-competing industry in the short run. Those writers above do not allow 
for unemployment because they assume that labor is costlessly and instan-
taneously transferable between sectors with flexible wage rates. 

 The purpose of our paper is to investigate the possibility of unemployment in 
the adjustment process toward the long-run equilibrium.

H. THE BASIC MODEL

 Assume that two products are produced by well-behaved linearly homogeneous 

production functions. Thus, we can write equations (1) and (2) where Xi is the 
output in the i-th industry, L. the labor and Kl the capital employed in the i-th 
industry. 

X,= (Lt, Kl) ,(1) 
  * The author is grateful to Professor Michihiro Ohyama and Professor Katsu Yanaihara of Keio 

University for their helpful comments and criticism. 
1 Okuguchi [5] and [6] deal with labor specific case besides capital specific case. 

 2 Mussa [2] does not refer to the Rybczynski Theorem .
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 X2  =  X2 (Li, K2) . 

 Capital is fully employed in the fixed total supply K so that 

Kl+K2=K, 

whereas labor could be unemployed in the fixed total supply L so that 

Ll+L2+L.— L, 

where L. is the unemployment of labor.

(2)

(3)

(4)

  Under competitive conditions within each industry, with no technical external 
economies or diseconomies, the value of the marginal product of a factor must be 
equal to the reward of that factor. If we denote by p the price of the second 

product in terms of the first, these required equalities may be written as 

wt=X11 (Ll, Kl) ,(5) 

W2 =PX2i (L2, K2) ,(6) 

ti =Xik (Ll, Kl) ,(7) 

r2 =PX2k (L2, K2) ,(8) 

where wt is the wage rate and ti the rental per unit of capital in the i-th industry , 
each in terms of the first product which is called wage-goods , and Xi, and Xik are 
the marginal productivities of labor and capital in the i-th industry respectively .

                    III. THE INITIAL EQUILIBRIUM 

 The system at the initial equilibrium consists of equations (1)—(8) and 

Lu=0 ,(9) 

wt= w2 ,(10) 

il=r2 .(11) 

 Now eleven equations can determine the values of Xi, Li, L ,,, Kl, wt, and ti for 
given values of L, K and p.

IV. SHORT-RUN ADJUSTMENT

 In the long run, both factors are completely mobile between sectors . 
Instantaneously, however, both factor supplies, Lis and Kis, are specific to each 
industry; that is 

Lis = Lis for wage rates over the existing rate , (3-1) 
3 For wage rates under the existing rate L

is=0 because laborers offer a stubborn resistance to 
reduction of the existing wage rate individually or through an implicit agreement among them . In this
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 K1s=Kis  ,(4-1) 

where the bars indicate that Lis and Kis are fixed. 
 Consider now the effect of a displacement of this initial equilibrium by a change 

in the terms of trade, involving a decrease in the relative price of X2. Choosing 

product XI as numeraire and wage-goods, the value marginal product of both 
factors in the first industry, X11 and Xlk, are instantaneously unaffected, whereas 
the correspondings in the second industry will be lower than their initial value. 

 From equations (6), (3-1) and (4-1), 

d(pX2l)/op=X21>0.(12) 

Therefore there would be a downward pressure on the wage rate in the second 
industry. Since the wage rate is downwardly rigid, however, we have 

dw2/op = 0 . 

Hence, enterpreneurs in the first industry maximise profits by dismissing labor 
such that from equations (5) and (4-1) 

dw2/op = X2, +pX2ll(dL 2/op) = 0 , 

where Xlll= aXll/aL 1. Therefore from equations (4) and (3-1) 

                 dL2/op= —dL„/op= —X21/PX2ll>0 • 

As to the rental which has no rigidity, we obtain 

dr2/op=X2k+PX2k,(dL2/op)= X2k — X2lX2kl/X2ll > 

where 

Xlkl = aXlkl al" , • 

 The short-run reactions of factor prices and outputs to price change could be 
considered as follows; the wage rates are fixed in the both industries; the rental on 
capital in the second industry falls, whereas the rental in the first industry is 
unchanged; as to the outputs, they change in the same direction as the rentals . 
These reactions have nothing to do with factor intensity, evidently .

                      V. SHORT-RUN EQUILIBRIUM 

 The system at the short-run equilibrium consists of equations (1)—(8) and 

Ll=121 ,(3-2) 

Kl= Kl ,(4-2) 

wt= wt .(6-2) 

sense, labor market in each industry is not competitive since laborers out of employment do not offer 

their labor for lower wage than the existing rate.
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 The short-run equilibrium is characterized by no adjustment of factors in the 
first industry and wage rigidity in the both industries.

                  VI. SHORT-RUN ECONOMIC WELFARE 

 Assume an index of social welfare, U, to depend only upon the bundle of goods 
 consumed': 

U= U(Dl, D2) ,(13) 

where D, represents consumption of commodity i. Furthermore, assume that no 
satiation or specialization in consumption takes place. Then differentiation of (13) 
with respect to p yields: 

(d U/op)/ Ut= dDt /op + (dD2/op) U2/ Ut , 

where U; is the marginal utility of commodity i and (d U/op)/ Ut is the change in 
real income measured in units of commodity 1. With the price ratio equal to the 
marginal rate of substitution, obtain 

(dU/op)/Ut=dD1/op+pdD2/op 

 The budget constraint links the value of consumption to the value of pro-
duction. Thus:

Dl +pD2 = XI +pX2 .(14) 

 By differentiating equation (14) with respect to p and using above equations, it is 

possible to express the dependence of real income on price changes, as in the 
following equation: 

(d U/op)/ Ut= — (X it/X2ll) + (X 2 — D2) 

 Thus the change in real income depends upon (i) its net trading position with the 
rest of the world, as expressed by the quantity of foreign trade of goods (X2 — D2) 
and (il) the so called adjustment cost (— X 21/X2ll). Further the first term on the 
right hand side is the contraction effect in the second industry and the second term 
the terms of trade effect. The contraction effect is definitely positive, whereas the 
terms of trade effect, depending upon its net trading position, has both signs: 

 Therefore the necessary condition for preferable social welfare change, when 
the relative price of the second commodity falls exogenously, is that this country 
imports the second goods, whereas the sufficient condition for undesirable social 
welfare change is that this country exports the second goods. 

 Figure 1 illustrates a case for (d U/op)/ Ut= 0 with two price lines, ll and 12, social 
indifference curves, u1 and u2, and production possibility curve, TT. Thus:

 ° This social welfate function aims at simplification . Although it needs a lot of strict assumptions to 
derive the function from individual welfare functions, the derivation is not our purpose in this paper.
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Fig. 1.
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E2 = 
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Q2 = 

Qt—Q' = 
Q'-Q2 =

initial production equilibrium, 

short-run production equilibrium, 

initial consumption equilibrium, 

short-run consumption equilibrium, 

the terms of trade effect, 

the contraction effect.

VII. ADJUSTMENT PROCESS: PHASE I

 There is unemployment which would generate a downward pressure to the wage 
rates in both industries so that wt= w2 = w. Given the new fixed price P, 
adjustment starts to eliminate the difference between the rentals in the first and 
second industry. The assumption is usually made that if the rental in the first 
industry exceeds that in the second, capital will move from the second to the first 
industry; if the rental in the second industry exceeds that of the first, capital will 
move from the first to the second. Let us state this implicit mechanism more 

precisely as follows: 

dK2/di=R(r2—il) ,(15) 

where R(0) = 0 and R< 0 for il > r2.5

5 This conventional adjustment function is used in Kemp , Kimura and Okuguchi [4], Okuguchi [5] 
and [6], but they do not give an intimate explanation for the adjustment mechanism, i.e. how it works, 
except that the inter-sectoral movement of factors caused by inter-sectoral factor price differentials 
occurs sluggishly. In equation (15) we assume that volume of transferable capital is an increasing 
function of transfer cost which is charged to capital holders and determined such that transfer cost is 
equal to (r2—il) and that the function is independent of time.
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 The system of equations involving the derivatives with respect to  K2 is given by 
differentiation of equations (1)—(8). In this system eight equations can determine 
the values of dK1 /dK2, dXi/dK2, dL i/dK2, dL u/dK2 and dri/dK2 for the given value 
of P. Thus:

dK1 /dK2 = —1 , 

dL1/dK2= —pl 

dL2/dK2 = P2 , 

dLu/dK2 = (pl— p2)< 0 

dX1/dK2=— (Pi w+il), 

dX2/dK2 = (p20 + r2)/P 

dr1 /dK2 = dr2/dK2 = 0 ,

according to Pi P2

where

dK2/di = R(r2 — il) = const. , 

where we utilized the relations which are implied by the assumption of homo-

geneity of degree one of the production functions 

Xilk= -PiXill= -Xikk/Pi=Xikl 5 

and where pi -a Li/Kl. 
 These results have no relationship to factor intensity except the one concerning 

unemployment adjustment. The adjustment in outputs follows a linear because of 
fixed price P. In fact, we obtain: 

(dX1/dK2)/(dX2/dK2)= —P(Plw+F1)/(P2w+r2)=const. , 

where pi is constant because its value depends on only factor price ratio wt/ti in 
imperfectly specialized economy.

VIII. ECONOMIC WELFARE IN PHASE I

 Differentiation of equation (13) with respect to K2 yields: 

(dU/dK2)/Ut=02—F1)+(p2—pl)0=const. , 

where the first term on the right hand side, (F2— F1), is the capital movement effect 
which is clearly negative and the second term on the right hand side, (P2 — Pi)w, is 
the employment effect whose sign depends on factor intensity as follows: 

(P2 — pl)0 50 , according to Pl > p2. 

 Therefore the necessary condition for undesirable social welfare change along 
the adjustment path is that the second commodity is labor intensive whereas the
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 sufficient condition for preferable social welfare change is that the second com-

modity is capital intensive.

IX. EMPLOYMENT ADJUSTMENT

 Using the Edgeworth—Bowley production box diagrams, we can de vide employ-
ment adjustments into two cases in terms of factor intensity. In Figs. 2-1 and 2-2 
the demensions of the box are L and K; the system pertaining to the first 
commodity has origin 01, that pertaining to the second commodity has origin 02. 

 In Case 1 unemployment will increase as time passes because the first industry is 
capital intensive while in Case 2 unemployment will decrease as time passes 
because the first industry is labor intensive. In Case 1 the second industry will fade 
out at ti, so that this country will completely specialize in the first industry with 
unemployment whereas in Case 2 all people out of work will get jobs at t2.

L,

0,

K,  02

t,

t; 

L2

K,

Fig. 2-1. Case 1, pi <P2.

L,

0,

K2

 K,

02

L2

Fig. 2-2. Case 2, pl >P2.
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                  X. ADJUSTMENT PROCESS: PHASE II 

 There is no adjustment in Case 1 as long as this economy specializes in the first 
industry and unemployment remains with downward wage rigidity. In this case 
underemployment equilibrium holds under complete specialization in the present 
two sector model. In other words underemployment equilibrium does not hold 
under imcomplete specialization in Phase I. So adjustment with downward wage 
rigidity is restricted to Case 2 where the first industry is labor intensive. 

 Together with equations involving the derivatives respect to K2 given by 
differentiation of equations (1)—(8) the comparative statistical system of equations 
of Case 2 is given as follows: 

 dL1/dK2  = —(Pi—Yin P2PX2u)/(Xiu+ PX2il) < 0 

dwt /dK2 = dw2l dK2 = PX1 LlX2l(pl — p2)/(X11, + PX2ll) = 0 , 

       dr1/dK2=PXlkkX2u(P2—pl)/pl(X1u+PX2n)>0 , 

       dr2/dK2=PXluX2kk(P2—pl)/P2(X1u+PX2U)>0 , 

dX1/dK2=wldLl/dK2—il <0 , 

dX2/dK2 = w2(dL2/dK2)/P+r2/P= — wt(dL1/dK2)/P+ r2/P> 0 . 

In this system the rental per unit of capital in the first industry increases more 
rapidly than the rental in the second industry. And the adjustment path in outputs 
is steeper than marginal rate of substitution of products in world market. In fact, 
we obtain: 

dr2/dK2 — dr1 /dK2=PXllk(P2 —pl)/pl P2(Xlll+PX2l) < 0 , 

(dXl/dK2)/(dX2/dK2)= —P(wldLl/dK2—il)/(w2dLl/dK2—r2)< — P . 

From above equations we can draw a following chart to show a production 
adjustment in Phase II.

X,

0

Fig. 3.
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 Then differentiating equation (15) with respect to K2 yields 

 (dK2/di)/dK2  = R'(dr2dK2 — dr1/dK2) > 0 , • 

where R' = dR/d(r2 — il) > 0. 
 Figure 4 displays that the long-run equilibrium is stable.

 dK,/dt

0
3  (r2—il)

Fig. 4.
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