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Tourism, Jobs, Capital Accumulation and the Economy: A Dynamic
Analysis

Summary

This paper examines the effects of tourism in a dynamic model of trade on
unemployment, capital accumulation and resident welfare. A tourism boom improves
the terms of trade, increases labor employment, but lowers capital accumulation. The
reduction in the capital stock depends on the degree of factor intensity. When the traded
sector is weakly capital intensive, the expansion of tourism improves welfare. However,
when the traded sector is strongly capital intensive, the fall in capital can be a dominant
factor in lowering national welfare. This dynamic immiserizing result of tourism on
resident welfare is confirmed by simulations on German data.
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1. Introduction

Tourism is a growing and important industry in both developed and developing countries.
It is also an important source of earning foreign exchange and provides employment opportunities
for domestic labor. Generally, tourist consumption in the receiving country is predominantly of
non-traded goods and services. This type of consumption can be very significant in economies
suffering a cyclical downturn in their traded-goods sector in times of recession. The recent
recovery of the Hong Kong economy is an excellent example of tourism-led growth with job
creation. The restructuring and relocation of manufacturing processes to China in the past two
decades has resulted in unemployment of unskilled workers in Hong Kong. The Asian financial
crisis in 1997 and the SARS outbreak in 2003 had made the situation even worse, and the
unemployment rate in Hong Kong reached more than 7 per cent. Since April 2003, China
allowed individuals from selected cities to visit Hong Kong. This resulted in tourism growth.
About four million Chinese tourists came to Hong Kong, which in turn created job opportunities
and substantially reduced unemployment.!

Tourism research has concentrated on understanding the effects of tourism on the
economy both in distortion and distortion-free models. In the latter models,? a tourism boom via a
demand push raises the relative price of the non-traded good. Since tourism is essentially exports
of services, this gain in the “tertiary terms of trade” improves residents’ welfare. Subsequent
research has extended the analysis of the effects of tourism in two directions. The first direction is
to examine static economies with distortions. Hazari, et al. (2003) and Nowak et al. (2003) are
examples of this line of research, where the former analyzes the welfare effect of tourism in a
Harris-Todaro (1970) economy, while the latter introduces increasing returns to scale in the
economy. The second direction of research is the analysis of tourism in dynamic models of trade.
Using a one-sector growth model, Hazari and Sgro (1995) found that tourism without monopoly
power in trade is necessarily welfare improving. Recently, Chao, et al. (2005) demonstrated that

an expansion of tourism may result in capital decumulation, thereby lowering welfare in a two-



sector model with a specific type of distortion, namely, capital-generating externality. However,
the relationship between tourism and employment remains unexplored in the literature. Does an
expansion in tourism create more jobs in the local economy, reduce the unemployment rate and
hence improve workers’ welfare? We explore this problem in a uniform minimum-wage
dynamic economy,® and extend the framework by incorporating capital adjustments in the long
run. The assumption of a minimum wage is captured by wage indexation. We find that because
of the nature of labor intensity of the tourism industry, the expansion of tourism raises demand
for labor and increases employment. Nonetheless, the expansion of the tourism sector may lead to
capital decumulation in other traded sectors. When the traded sector is strongly capital intensive
relative to the non-traded good sector, the fall in the capital stock plays a dominant role that can
lower economic welfare. Therefore, in evaluating the effectiveness of tourism to the economy, a
trade off exists between the gain in employment and the loss in capital decumulation. German
data is used to simulate these results.

The structure of this paper is as follows. Section 2 sets out a dynamic model with capital
accumulation for examining the effects of tourism on the relative price of the non-traded good,
labor employment, capital accumulation and welfare in the short and long runs. Section 3
provides numerical simulations for the effects of tourism on the economy. Section 4 outlines the

main findings and conclusions.

2.  The Model

We consider an open economy that produces two goods, a traded good X and a non-
traded good Y, with production functions: X = X(Lx, Kx, Vx) and Y = Y(Ly, Ky, Vy). The variables
L;, K; and V; denote the allocation of labor and capital and specific factor employed in sector i, i =
X, Y. While both labor and capital are perfectly mobile between sectors, there are specific factors
to each sector.* So, the model considered is a hybrid of the Heckscher-Ohlin and the specific-

factors model. Commodity X has been chosen as the numeraire. The relative price of the non-



traded good Y is denoted by p. The production structure of the model is expressed by the revenue
function: R(1, p, K, L) = max {X(Ly, Kx, Vx) + pY(Ly, Ky, Vy): Ly + Ly = L, Ky + Ky = K}, where
L is the actual level of labor employment and X is the stock of capital in the economy. The fixed
endowments of specific factors 7; have been suppressed in the revenue function. Denoting
subscripts as partial derivatives and employing the envelope property, it follows: R, = Y, being
the output of good Y, and R,,, > 0, expressing the positive supply curve. Stability condition of this
system requires that sector Y is labor intensive relative to sector X.° This gives: R,, > 0 and R,x <
0, by the Rybczynski theorem. The rental on capital » equals R¢. The specificity of factors V;
results in Rxx < 0 and Rx; > 0.° Let w denote the wage rate, then the level of total employment is
determined by
R/(1,p, K, L)=w, 1)

where R;;, < 0 due to diminishing returns of labor.” Note that the wage rate is set by the

government according to the goods prices, i.e., w = w(1, p), with ow/dp > 0 and (p/w)(owlop) < 1.

This real wage indexation results in economy-wide unemployment, measured by L - L, where L is
the exogenously given labor endowment in the economy.

We now consider the demand side of the economy. Domestic residents consume both
goods, Cy and Cy, while foreign tourists demand only the non-traded good Y. Let Dy(p, T) be the
tourists’ demand for good Y, where T is a shift parameter capturing the tastes and other
exogenously given variables, for example, foreign income, with 0Dy/dT > 0. The market-clearing
condition for the non-traded good requires the equality of demand (where this consists of
domestic and tourist demand) and supply:

Cy+Dy(p, T) =R,(1,p, K, L). 2
This equation determines the relative price of the non-traded good, p.

In a dynamic setting, domestic savings out of consumption of goods X and Y are used for

capital accumulation:



K =R(, p, K, L) — Cx— pCy, (3)
where the dot over the variable denotes its time derivative. Note that in exchange for tourism
exports, capital is imported at a given world price which is normalized to unity.

Under the budget constraint (3), the domestic residents maximize the present value of

their instantaneous utility, U( -). The overall welfare W is therefore:
W= [U(C,.Cp)edt, 4

where p represents the rate of time preference. Let A denote the shadow price of capital in the
economy. The first-order conditions with respect to Cy and Cy are:

Ux(Cx, Cy) = 4, ®)

UACx, Cy) = Ap. (6)
where Uy and Uy denote marginal utilities of consuming good X and Y respectively.

In addition, the evolution of the shadow price of capital is governed by the following
dynamic equation;

A =Alp- R, p, K, L)], (M

which is a function of the difference between the subjective rate of time preference and the return
to capital.
Using the above framework, we can examine the resource allocation and welfare effects

of tourism on the economy in the short and long runs.

(a) Short-run equilibrium

In the short-run equilibrium, the initial amount of capital X is given by K as its shadow
price is fixed.® For a given value of the tourism parameter 7, the system can be solved for L, p,
Cyand Cy by using equations (1), (2), (5) and (6) as functionsof K, Aand T; L=L(K, 4, T); p =

pK, A, 1), Cxy = C(K, A, T) and Cy = C{K, A, T). An increase in capital, K, raises the



productivity of labor and hence labor employment (0L/0K > 0). However, the increase in capital
lowers the supply of good Y by the Rybcyznski effect, which raises its price (p/0K > 0). This in
turn lowers the demand for good Y by domestic residents (0C,/0K < 0). Furthermore, for Uyxy > 0
the decreased consumption of good Y lowers marginal utility of good X, which reduces the
demand for good X (0Cx/0K < 0). Similarly, a rise in the shadow price of capital lowers the
demand for labor in production (6L/04 < 0) and the demand for goods in consumption (0Cx/04 <
0 and 0Cy/04 < 0). This results in the fall in the relative price of the non-traded good (6p/04 < 0).
In addition, a rise in tourism increases the demand for the non-traded good and hence its price
(oploT > 0). This leads to an increase in employment in the economy, 6L/0T > 0. However, the
higher price also reduces the demand for both goods by domestic residents (0Cx/0T < 0 and

0CyaT < 0).°

(b) Dynamics

We can utilize the short-run comparative-static results to characterize the local dynamics
of the model. The dynamics of domestic capital accumulation in equation (3) and its shadow
prices in equation (7) are:

K =R[1, p(K, A, T), K, L(K, 2, T)] - Cx(K, 2, T) —p(K, A, T)CK, A, T), (8)

A =Mp —Re[1, p(K, 2, T) , K, L(K, A, D]} 9)

Taking a linear approximation of the above system around the equilibrium, we have:

m :L@ zﬂ B__ 5 } (10)

where a tilde (~) over a variable denotes its steady-state level. Note that 4 = Rx + R;(0L/OK) +
Dy(OploK) - 0CIOK, B = R, (OLIOA) + Dy(OplOA) - 0CIOA, M = -A[Rkx + Rk (OLIOK) + R, (0ploK)]

and N = - A[R,(0pl0) + Rk (0LI0A)]."° The signs of 4, B, M and N are in general indeterminate.



However, for our purposes, 4 > 0, M > 0 and N < 0 when R, < 0 and R,, > ow/0p, i.e., the non-
traded good Y is labor intensive, and R;;/R.x < R,/R,x < Rxi/Rkx. Furthermore, B > 0 when 7 =

-(6Dylop)(p/Dy) > 1, i.e., the price elasticity of the demand for good Y by tourists is elastic.

Figure 1. An expansion of tourism

The schedules of K=0and A=0are depicted in Figure 1, with the slopes of dA/dK]|x =
- AIB < 0 and dA/dK]|, = - MIN > 0 Under these conditions, the determinant of the above

coefficient matrix is negative and the steady-state equilibrium is at point £ which is a saddle point

with one negative and one positive eigenvalue. For the given initial value of the capital stock Kj,



we can obtain from (10) the following solutions for the capital stock and its shadow price around
their steady-state values:
K = K + (Ko - K)e", (11)
=1+ K, - K), (12)
where 8= (u- A)/B < 0, and  is the negative eigenvalue in equation (10). The stable arm of the
relation between K and A, as shown by equation (12) and also depicted by the SS schedule in

Figure 1, indicates that a decrease in K leads to an increase in its shadow price 4, and vice versa.

(c) Steady State

The long-run equilibrium is obtained by using the short-rum equilibrium conditions in
equations (1), (2), (4) and (5), together with no adjustments in the capital stock and its shadow
price in equations (3) and (7) as:

RA, p,K,L)-C,—pC, =0, (13)

~—

Rl p,K,L)y=p (14)
Equations (1), (2), (4), (5), (13) and (14) contain six endogenous variables,Z [)5)(51, IZ
and A , along with a tourism parameter, 7. This system can be used to solve for the impact of
tourism in the long run. An increase in tourism on the long-run price of the non-traded good Y is:

d p 1dT = S(@DT)(p*Uxx + Uyy - 2pUxy)IA > 0, (15)
where Uyy < 0, Uyy < 0, and A < 0. Note that § = RgxR,, - RZ, > 0 by the concavity of the

production functions. Hence, an increase in tourism will necessarily improve the tertiary terms of
trade.
In addition, from equations (1) and (14), we can obtain the long-run effects of tourism on

the capital stock and labor employment, as follows:



dL1dT == [RuxRix(Ric/Rex - Rt R)IS\(d P 1dT) > 0, (16)

d K 1dT = - [RoxRyy(Ruu/Rux — Rou/Ro)IS)(d P 1dT) <0, (17)
where recalling that R;;/R,x < R,./R,x < Rxi/Rxx for stability. An increase in tourism will
increase employment in the long run, but at the expense of capital accumulation in the economy.
The reduction in the capital stock can be seen in Figure 1. A boom in tourism shifts both

schedules of K =0 and A = 0 to the left.*? Since the capital stock is given at time 0O, the

adjustment path takes the system from point £ to point . This immediately leads to a fall in the

|,13

shadow price of capital,” and consequent reductions in capital accumulation from point F to a

new equilibrium at point £'.**

(d) Welfare

We are now in a position to examine the effect of tourism on overall welfare of the

economy. Total welfare in equation (4) can be obtained from the sum of the instantaneous utility
Z = U(Cy, Cy). Following Turnovsky (1999, p. 138), the adjustment path of Z is: Z, = 7+ [Z(0) -
Z Je*’, where Z(0) denotes the utility at time 0. However, total welfare is W = Z lp +[Z(0) -
Z 1/(o - 1), and the welfare change is: dW = [dZ(0) - (,u/p)dZ]/(p - 1), where -4l p (> 0) denotes
the discount factor. Utilizing equation (13), the change of total welfare caused by a tourism boom
is:
AWldT = [M(p - D dp(O)dT - (ulp)(d b 1dT)] + Ry[dL(O)dT - (s p)(d L dT)]
~ (WPR(d K IdT)}. (18)

where p(0) and L(0) denote the relative price of the non-traded good and labor employment at

time 0. Since the capital stock is given at time 0, a tourist boom immediately increases the

demand for good Y and hence its price. As a consequence, higher labor demand is needed for



producing more good Y. These results can be derived from using equations (1), (2), (5), (6) and
(13) as

dp(0)dT = - (8DJOT)R..(2pUyy - p*Uxx— Up)IH > 0, (19)

dL(0)/dT = - (R,/R..)(dp(0)/dT) > 0, (20)
where #>0."

The welfare effects of tourism in equation (18) depend on the changes in the terms of
trade, labor employment and capital accumulation. An expansion of tourism increases the initial
and steady-state relative price of the non-traded good, ¥, which yields a gain in the terms of trade
as shown in the first term in the curly bracket in equation (18). While the static terms-of-trade
effect is well known in the literature, the impact of tourism on labor employment and capital
accumulation is generally not mentioned in the literature. These are of critical importance in
analyzing economic welfare. As indicated in second term of equation (18), tourism can generate
more labor employment in the short and the long run via the higher price of the non-traded good.
However, the higher price of the non-traded good can reduce the demand for capital, causing a
welfare loss as shown by the third term in equation (18). Due to these conflicting forces, the
welfare effect of tourism is in general ambiguous. To illustrate the strength of our results we will

use simulations to ascertain the welfare effects of tourism both in the short and the long run.

3. Simulations
To calibrate the effects of an increase in tourism on the endogenous variables of the

economy, we need to specific functional forms for the utility and production functions.

(a) Specifications
We assume that the production of the traded and non-traded goods takes place with the

help of Cobb-Douglas production functions:



X= ALKV 9™, (21)

Y=BL}K VPl (22)
where 4 and B are the constant technology factors, and «; and £ are respectively the ith factor
shares in productions of goods X and Y. Total employment for sectors X and Y in the economy is
given by

L=Ly+Ly (23)
Similarly, capital allocation between sectors is:

Kqi=Ky+Ky. (24)
Note that total capital is inherited from the past and is fixed in the short run, but it can be freely
allocated between both sectors. This is the reason why total capital is indexed by -1 (it is
predetermined in the short-run equilibrium) and capital allocation in each sector is not indexed.

Given the wage rate w, the rental rate » and the relative price of the non-traded good p,

the production sector solves the program: Max X + pY — w(Ly + Ly) - (Kx + Ky), subject to X =
ALK and Y = BL/*K/:. Here, the specific factors ¥’y and ¥y are normalized to unity. The

first-order conditions with respect to L; and K; yield equilibrium allocation of labor and capital

between sectors:

w= o, A(K, I L) L% = pB B(K, |L,)" L/, (25)
r= o, AL, 1K ) K2 = pB,B(L, K, )* KPP, (26)

The resulting factor-price frontiers can be deduced from equations (25) and (26):
(w/ozl)l""2 (rle,)* Ll);“f”‘z =A, 27)
(W/ﬁl)l_ﬂz (’”/ﬂz)ﬂ2 Lly_ﬂl_ﬂz =pB. (28)

In addition, real wage, denoted by w., in the economy is assumed to be rigid in the sense that it is

indexed to the price of the consumption goods p.,:

w. =wlp,, (29)

10



where p. is defined in equation (32).
On the demand side of the economy, we utilize the CES functional form for the

instantaneous utility function of domestic households:

U= [bl/(1+o') C;/(lw) + go/(lm) C;‘/(1+O')](1+l/0')(1—;a /(1 _ 7/), (30)

where b € [0, 1] and b =1-barethe parameters, y expresses the index of relative risk aversion
and o captures the elasticity of substitution between the two goods with 1 + o> 0. From the first-
order conditions of utility maximization, we derive

bCyl b Cy=1p**, (31)

Let C = [p¥@*9 /) 4 o/leo) 0o /1+0) 1A+19) danote aggregate consumption. Then by using

equation (31) we obtain that C = (Cx/b)(b + b p°)**'°. The relative price of the consumption
aggregate is then defined by p.C = Cy + pCy, which can be solved for p. as

pe=(b+ b pyt. (32)
Therefore, the current utility of domestic households can be expressed as: U(C) = C*7/(1 - ) =
()b + b p )1 U(L - ).

The model is closed by using the market-clearing condition for the non-traded good Y-

Cy+Dy=Y, (33)
and the demand for the non-traded good by tourists is specified as

Dy=Tlp", (34)
where 7 measures the price elasticity of demand for good Y by tourists. Tourists spending 7,
measured in terms of the traded good, is exogenous and tourists consume only non- traded good.

Finally, the budget constraint for each period is:

K—Ki+Cy+pCy=X+pY. (35)

11



Note that the balance of payments is in equilibrium for each period. From equations (33) and
(35), we can deduce that: K — K; + Cy— X = pDy. That is, the excess demand for capital and the
traded good is financed by income receipts from tourism.

Total welfare of domestic residents is the discounted sum of the instantaneous utility and
it can be written as: W = £, (1 - p)[Cb + b p°)**Y]*7I(1 - 7). This function is maximised
relatively to capital and the consumption of the traded good under the series of budget
constraints: K — K., + Cy(b + b p)Ib = X + pY = w(Ly + Ly) + rK1 + v¢Vy + vyVy. Solving this
maximisation program with respect to Cy and K, we obtain the first-order conditions: (1 -
P CY b+ bpo)VDt = §p and §- Sia(1 + 1) = 0 where & is the Langrange multiplier.

After the elimination of dand &,4, we have

A+ ra)(L - p) = (ClCx ) I(b + b p)(b + bp 7 )] H 1IN, (36)

(b) Calibrations

Equations (21) — (36) consist of sixteen endogenous variables and a shift parameter of
tourist spending T for the economy. We utilize the German data to calibrate the short- and long-
run impact of an increase in tourism on the economy. It is assumed that tourists’ spending is 0 in
the reference steady state. We choose p = 0.9488, X + pY = 1.3909 and L = 27.27, which
represent the averages values of these variables for Germany for the period 1996-2002. Units are
in trillion of 1995 euros and in millions of persons. We set: 7=0, c=-0.5,5=1/3, p=0.05, &
=0.30, &, = 050, 4, = 0.5, 5, = 0.10, A= 0.5 and n = 1.° Note that the labor intensity of good ¥
is captured by the chosen values of ¢; and f. The steady-state values of the sixteen endogenous
variables can be then computed according to: Dy=0, X = (X+ pY)/[1 + (Elb)p"’_l, Y=(X+pY-
Xip, Cy=Y,Cx=X, r=1UA-p)-1, Ly=[ppY(anX + BipY)]L, L = Ly + Ly, Ky =fopYIr, B =

Yl ]jy’l Kfz . w = pfy BH1) (pB,! r)ﬁz 10-5,) L;(l—ﬁrﬁz)/(l—ﬁz) Ky = aoXlr, 4 = XI(LEK ), U =

12



- +1/o)(1- -
o g prmacotea [P gy k= Ky + Ky, and po= (b + b pYYe. The

reference steady state values are therefore: Cy = 0.4718, Cy = 0.9687, Dy = 0, K = 6.2285, Ky =
4.4821, Ky =1.7464, L = 27.27, Ly = 6.4212, Ly = 20.8488, p = 0.9488, p. = 0.9657, r = 0.0526,
U =2.4003, w = 0.02204, X = 0.4718 and Y = 0.9687.

There is one anticipated variable Cx., and one predetermined variable K, in the system.
The eigenvalues in the neighbourhood of the reference steady state are equal to 0.9717 and 1.092.
So the local condition of existence and uniqueness are satisfied (one of the eigenvalues must be
less than one and the other larger than one to get the existence and uniqueness of a solution). As
we will compare sums of discounted utilities when the convergence speed to the steady state is
slow, we simulated the model over 250 periods."’

As for reference simulations, we let tourist spending 7 to increase from 0 to 0.01 (which
means by 10 billions euros, the German value-added in non-tradable goods being 982 billion
euros). We obtain the short- and long-run impacts of tourism on the economy, as plotted in
Figure 2:

1. Cy and Cy immediately increase above their reference values, and then progressively
decrease but Cy ends with a level lower than its reference value.

2. Ly immediately falls and then slightly increases, while Ly immediately rises and then
slightly decreases. This gives that total employment L to rise initially and progressively
decreases but stays above its reference level.

3. Ky immediately declines and continuously falls, while Ky immediately rises and then
declines. However, total K progressively decreases to a lower level.

4. X immediately decreases and then progressively decreases to a lower level, while Y
immediately rises and then progressively decreases to a level which is higher than its

reference value.

13



5. p immediately increases above its reference value, and then progressively decreases but
stays above its reference value.

6. U immediately increases above its reference value, and then progressively decreases to a
value that is above its reference value. The sum of discounted utilities increases from
343.6305 to 344.0061. Hence, arise in tourism improves total welfare in the long run.
Consider next the case that the non-traded sector Y is strongly labor-intensive relative to

the traded sector X. For this case, we choose £, = 0.001 and leave the other parameters the same
as before. The consequent eigenvalues are 0.9683 and 1.093, and the reference steady-state
values are the same as in the previous case but for: K = 4.4996 and Ky = 0.0175. Consider
reference simulations by increasing tourist spending T from 0 to 0.01. We obtain the short- and
long-run impacts of tourism, as plotted in Figure 3. Compared to the results in Figures 2 and 3,
the patterns of changes in all the endogenous variables are the same. However, in Figure 3, the
rise in total employment L is smaller but the fall in capital K is larger. These differences render a
different effect of tourism on utility and welfare: although U immediately increases above its
reference value, it progressively decreases and reaches a value below its reference value.
Therefore, the sum of discounted utilities decreases from 343.6305 to 343.5839. Thus, owing to
the fall in the capital stock, a rise in tourism can lower total welfare when the traded sector is

strongly capital-intensive relative to the non-traded tourism sector.

4. Conclusions

Using a dynamic general-equilibrium framework, this paper has examined the short- and
long-run effects of tourism on labor employment, capital accumulation and resident welfare for
an open economy with unemployment via wage indexation. A tourism boom improves the terms
of trade, increases labor employment, but lowers capital accumulation if the non-traded tourism
sector is labor intensive relative to the other traded sector. Nonetheless, the reduction in the

capital stock depends on the degree of factor intensity. When the traded sector is not strongly

14



capital intensive, the fall in capital would not be so severe and the expansion of tourism improves
welfare. However, when the traded sector is strongly capital intensive, the fall in capital can be a
dominant factor to lower total welfare. This immiserizing result of tourism on resident welfare is

confirmed by the German data.
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Figure 2. Effects of tourism (4 = 0.10)
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Figure 3. Effects of Tourism (5, = 0.001)
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Footnotes

1.

10.

11.

The economic doldrums were halted and the GDP growth is 8.2 per cent in 2004, well above
average 4.8 per cent over the past 20 years. The details can be found in the Budget Speech by
the Hong Kong Financial Secretary on March 16, 2005. The simulations in this paper have
been done on the basis of German data. Hong Kong data is not easily accessible. Moreover,
the results are robust with regard to the choice of the country.

See Copeland (1991) and Hazari and Sgro (2004).

See Brecher (1974) for the minimum wage model under the Heckscher-Ohlin setting.

See Jones (1971) for the specific-factor model and Neary (1978).

The stability analysis is provided in the Appendix.

Letting (- ) be the ith sector unit cost function, by perfect competition we have: ¢*(w, r, vy)
=1 and cY(w, r, vy) = p, where w is the fixed minimum wage and v; are the rates of return on
the specific factors ;. Owing to the existence of the specific factors, the capital return »
depends on the good price p and the factor suppliers L and K.

A recent study on a generalized minimum wage model can be found in Kreickemeier (2005).
Also see Hatzipanayoyou and Michael (1995) and Michael and Hatzipanayoyou (1999) for
endogenous labor supply.

See Turnovsky (1999, p. 108) for the definition of a short-run equilibrium.

Mathematical derivations of the comparative-static results are provided in the Appendix.
Following Brock (1996), we use dC/I0K = 0CxloK + p(0CyloK), 0CIOA = 0CxlOoA + p(0CyIOA)
and 8CI8T = 6CHOT + p(CHOT).

Note that A = R xkRxx(Rki/Rxkx — Ryr/R,x){(Uxy — pUxx)[R1r — p(0wlop))(Uxy — pUxx) + (Uyy -

pUXy)(RpL - 5w/8p)} + RpKRLK(RpL/RpK — RLL/RLK)[RlK(UXYprXX) + RpK(UYY 'pUXY)] - (UXY_

pUXX)(RKRLK — RLRKK)(GWIGp) - (RLLRKK’ R[%K Q < 0, Where Q =A+ Dy(ﬂ - 1)(U)(y—pU/p() -
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12.

13.

14.

15.

16.

17.

(8DyIOp)(pUxy — Uyy) + Ryp(2pUsy - p*Uxx — Uyy) > 0 by the stability conditions: 7> 1, R, >
owlop, Ry < 0and Ry /R, x < Ryi/Rx < Ri/Rix.

For holding 4 fixed, the shifts of K=0and A=0in Figure 1 are: dK/dT\x = - [R.(OLIOT) +
Dy(0ploT) — (0CI0T))I4 < 0 and dKIdT|, = A[R.x(OLIOT) + R,x(OploT))IM < 0, where
Rix(OLIOT) + R, (0pldT) = (ODOT)R,kRik[Ry/Ryx — RidRix — (Owldp)IR,k](UxxUyy -
U2, )IJ<0.

From (1), (2), (5), (6) and (13), we can obtain: dA(0)/dT = (0DyOT){[DyRi. — Ri.(R,. -
owlop)l(UsxUyy - U2, ) + AR, (Uxy - pUx)l/H < 0, where H = - R;;Q - Ry [Ru(Uyy — pUxx)
+ Rpr(Uyy - pUxy)] + Ru(Uxy — Uxx)(0wlOp) > 0.

The change in the steady-state value of A depends on the relative shifts of the schedules of
A=0and K =0; specifically, dAlda = (ODYOT){ (R Rk - RLZK)[DY + AUyxy — pUxy)] +
(UxUyy - U2, )Rok[RkRk(Ryi/Rox — Rit/Rix - (OWIp)R,k) + RiRxx(RilRik — Ryu/Rox +
(owlop)IR,k)]}HA e 0.

See footnote 13 for the positive sign of AH.

Putting the price elasticity different from 1 would not change the results qualitatively.

The model was simulated and its eigenvalues computed with the software Dynare, which was

run under Matlab. Dynare was developed by Michel Juillard, and can be unloaded from the

website http://www.cepremap.cnrs.fr/dynare.
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Appendix: Short-run Comparative Statics

From (1), (2), (5) and (6), the results of the comparative statics in the short run are:

OLIOK = - {[Ryx(R,L - OWIOp) + R1x(ODylOp — R,p)|(UxxUyy - U ;z(y ) + AR xUxx}J > 0,

OCHOK = AUnyR xRk (Ryr/ Ry - RitIR )T < O,

OCYOK = - AUxxR xRk (Ryr/Ryx - RiiIR )T < O,

OplOK = - RuxRpk Ryt Rpk - RitRik)(UnxUyy - U2, ) 1T >0,

OLIOA = - (R, - OwlOp)(Uxy - pUxx) IJ < 0,

0CxIOA = {R,1(R,1 - owldp)(Uyy - pUxy) + Rii[A + (8DyIOp — Raz)(Uyy - pUxy)]HJ < 0,

OCyloA = {R,1(R,1 - OWlOp)(pUxx - Uxy) + Ry (0Dyldp — R,,)(pUxx - Uxy)} 1J < 0,

AploA = Ry (Uyy - pUyxy) 1J <0,

ALIOT = (R, - 8wldp)(@DyT)(UxyUyy - U’y )IJ >0,

OCHOT = AR Ux/(0DOT)IJ < 0,

OCylOT = - AR, Uxx(0DylOT)IJ < 0,

AploT = - R (BDyOT)(UnxUyy - U2, )T >0,

where J = [R,.(R,. - owldp) + R (0Dylop — R,,)](UxxUyy - Uf(y ) + AR; Uxy > 0. We obtain the
above signs when the stability condition, R;;/R;x < R,./R,x < Rxi/Rkx, 1S imposed.

Using the above results, we can obtain:

B = R (OLIOA) + Dy(0pldA) - 0CIOA = {(Uxy — pUx)[R1.DAL - 1) — (R, - OWIOP) (R, —
PRip)] = [Rpu(Ryr - owldp) + Ru(@DVOT)I(Uyy — pUxy) + RypRu(Uyy — 2pUxy +
P Ux)HJ >0,

M = -2[Rxx + R (OLIOK) + R, (OplOK)] = - ARx,(0plOK) - A{RpxRkx(R,1 - OWIOP)(R,1/R
— RudRi)(UxxUyy -UZ%,) + (RuRix -RA)(@DyOp — R,)UnUyy - UZy) +

AUTHI >0,
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N = - ARk,(OpldA) + Rxr(OLIOA)] = - AR kRik[Rii/Rix — RyrlRyx + (OWIOp)IR k)(Uxy —
pUx)lJ <0,

where the condition that 7 > 1 is imposed in the sign of B. Furthermore, R, — pR;, = R;1 <0

because R; is homogeneous of degree one in prices, and the subscript 1 denotes the price of the

traded good X, which is relatively capital intensive (i.e., R;; < 0 and R;, > 0). In addition, for

stability, we need R, > ow/dp > 0.
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