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Abstract

When a government considers a subsidy for an underdeveloped region, it has several
options: the subsidies can be for land, wages, employment, or production. While land
subsidy is a lump-sum transfer, the others are meant to promote local production or worker
immigration. Under full employment, replacing the lump-sum subsidy with the other
subsidies benefit (harm) the recipient region if it specializes in labor-intensive
(land-intensive) activities. If unemployment prevails in both the recipient and non-recipient
regions, production and employment subsidies benefit, but a wage subsidy harms, the
recipient region. We also analyze asymmetric cases where one region attains full
employment while the other region remains underemployed.
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1. Introduction

When a government offers a subsidy to a region, it often makes a lump-sum transfer.
While this is purely a redistribution, some types of subsidies directly promote employment
and stimulate local economic activity. Such subsidies may be particularly important if the
recipient region is underemployed. In this paper, we examine the welfare effects of
replacing lump-sum transfers by these stimulation subsidies on the recipient and
non-recipient regions. For doing so, we adopt a two-region two-factor two-commodity
model in which the non-recipient region produces both commodities, but the recipient
region produces only one commodity because it is less developed. Each region may achieve
full employment or face unemployment, and workers migrate between the two regions in
pursuit of higher (expected) labor income. Thus, the welfare of each region is affected by
subsidies through changes in terms of trade, interregional migration, and local employment.

Various situations arise in which a government has to offer subsidies. Offering a
location for “Not in My Back Yard” (NIMBY) facilities, such as military bases and nuclear
power plants, is an example. This often provokes opposition from local communities and
their vicinities, and the government has to offer subsidies as compensation (for e.g., see
Frey et al., 1996). A typical example in Japan is Okinawa, where most of the US military
bases in Japan are located. The Japanese government compensates the land owners in
Okinawa by providing them with a land subsidy. Another example is the areas where
nuclear power plants or waste repositories are located, with the government offering
various subsidies to them. These areas are typically less developed, specializing in the
primary industry such as agriculture and fishery, or tourism. The various subsidies include a
lump-sum subsidy and subsidies for promoting economic activities. The aim of the present

analysis is to compare the welfare effects of these subsidies.



The regulations for NIMBY facilities have been examined in the literature; for
example, see Markusen et al. (1995), Levinson (1999), and Saveyn (2012). These studies
examine the effects of pollution taxes and environmental regulation on the location of a
NIMBY facility. Some studies examine the compensational schemes for locating a NIMBY
facility along with asymmetric information on the damages caused by the facility. For
example, Feinerman et al. (2004) consider a two-city model to investigate the lobbying
activities of land owners affected by government decisions on the location of facilities.
Besfamille and Lozachmeur (2010) adopt a mechanism-design approach to examine the
optimal interregional compensation scheme for the host and other regions with full and
asymmetric information. While these studies focus on the location choice of NIMBY
facilities, this paper considers the case of predetermined recipient regions and total subsidy
payments, and compares the welfare effects of various subsidies between the recipient and
non-recipient regions.

The regional subsidies’ welfare effects in case of interregional migration are also
analyzed in the literature of equalization subsidies; for example, Flatters et al. (1974),
Boadway and Flatters (1982), and Wildasin (1986). These studies focus on the negative
externalities effect of congestion on local public goods, and explore the migration subsidy
resulting in optimal interregional allocation of households. Albouy (2012) extends
Boadway and Flatters’ model (1982) by introducing household income heterogeneity.
These studies ignore unemployment, whereas we examine the welfare effects of replacing
direct transfers with various subsidies promoting local employment and production on the
recipient and non-recipient regions both with and without unemployment.

The local unemployment and interregional migration combination was first modelled

by Harris and Todaro (1970). They assumed an economy with a rural area and an urban



area, where both areas specialize in different commodities, the rural area achieving full
employment whereas the urban area facing unemployment due to wage rigidity. In this
setting, they found that urban job creation leads to higher urban unemployment (the Todaro
Paradox); they also analyzed the effects of urban employment subsidy and immigration
restriction on social welfare. Since then, several studies have considered this issue; for
example, Bhagwati and Srinivasan (1974), Corden and Findlay (1975), Batra and Naqvi
(1987), Nakagome (1989), Raimandos (1993), Brueckner and Zenou (1999), Ortega (2000),
Brueckner and Kim (2001), Sato (2004), Choi and Yu (2010), and Zenou (2011). These
studies extended the Harris-Torado model by introducing such factors as perfect or
imperfect capital mobility, labor market monopsony, land market, and some
microeconomic foundations on wage rigidity, for example, efficiency wage and search
matching, and explored the validity of the Harris-Todaro model policy implications.

Our analysis differs from the Harris-Todaro model literature in the following three
aspects. First, that study focused on social welfare, but we consider local development and
regional welfare distribution. Second, we consider both urban and rural unemployment,
because rural unemployment is often more serious than, if not as serious as, urban
unemployment in Japan. We consider all unemployment and full employment combinations
in the two regions. Third, rather than considering perfect specialization in both regions, we
assume that the rural region produces only one commodity whereas the non-recipient
region produces two commodities; the Heckscher-Ohlin mechanism works in this setting.
Furthermore, we find that replacing a lump-sum subsidy with economic activity-stimulating
subsidies creates the employment expansion effect and the terms of trade effect in one or
both regions, depending on the employment situations of the two regions, and yields

different welfare effects.



2. The model

Our model economy has two regions, W and E, and two commodities, 1 and 2. While
region W produces both commodities, region E produces only commodity 1 owing to lack
of technology. The government offers a lump-sum subsidy amounting to S, to the land
owners in region E. The land of region j (j = E, W) is assumed to be uniformly owned by
all native households of the region. Now, the government considers replacing the lump-sum
subsidy with the following stimulative subsidies: production subsidy €, employment
subsidy z, and wage subsidy s,,. These subsidies affect production, employment, and
migration, and vary labor income. All households freely move between the two regions in
pursuit of higher wages, but they retain land ownership in their native region.

The population of households born in region j, called household j in this study, is L{;,

whereas the present population of the households living in region j is Lfl (j = E, W), These

populations satisfy
L=Lg+ LY =1L} +Ly, )]

where L is the total population, which is constant. For simplicity, we assume that each

region initially has no immigrants, and hence
=1 for j=EW. (2)
Furthermore, all households have the same utility function

w =a(c,c]) for j=EW,



where cij (i =1,2;j = E,W) is household j’s consumption of commodity i. Assuming the

utility function to be homothetic, we have

pr(w)e] = p(@)Y, py(w)c] = (1—pw))Y, (3)

where p;(w) is the price of commodity i measured in terms of the composite of the two
commodities, w is the relative price of commodity 2 in terms of commodity 1, Y/ is
household j’s disposable income, and @(w) is the ratio of consumption expenditure on

commodity 1, which satisfies
0<oplw)<1, ¢'(w)>0. 4)

Because the utility function is homothetic, the value of ii(c{ , Cg), into which the

optimal levels of C{ and Cg given in (3) are substituted, is independent of the relative price

w. Thus,

~ (9 i 1-9(w) \,j _ Ne (L@ 1-9p@)) _ i
u(pl(w)Y . Y ) ¢(Y )u (—pl(w), pz(w)) =u(Y’), (5)

where 1(.,.) satisfies

e ) )
dw M 4w 2 dw -

Because 1,/1l; = w = p,(w)/p1(w) under rational household behavior, the above
equation yields

_ p(w)p;

_ (-¢(w)p1 _
w w

pi(w) = <0, pz(w) = ¢(w)py > 0. (6)

The production function of sector i (i = 1,2) displays constant returns to scale with

respect to two factors, land K; and labor L;, and hence is represented by



filk)L; where fi'() >0, f;"() <0, k;=K/L;. (7)

Because the government offers no subsidy to region W, the two sectors’ profit

maximization behavior yields

" =pi(w)fi = p2(w)fs,

w¥W = p, (0)[fy — fiki] = p2(W)[f2 — fi k2],

®)

where 7/ and w/ are respectively the land rental rate and wage level in region j. From (6)
and (8), we derive

—(1— w _
W ZTW((U), T'W,(a)) — p2(@)fo—(1-@)r" (ky—kq)

w(kzy—kq) ’
wo_ W w' _ _ p2@)fpki+(1-@)wW(ka—k1)
W = w¥ (@), w"' () o ,
)
_ / _ f2
kl - kl(w)a kl(w) - (kz—k1)f1” ’
ko = ko (@), k() = —22

Region E has only sector 1, and the government offers production subsidy € and
employment subsidy z to the firms in this region. Therefore, the optimal firm behavior
yields

rf =1+ e)pi(w)fi kD),

wE —z =1+ py(w)fi(kT) — fi (kD)kT ],

(10)

where k¥ is the land-labor input ratio in region E. The government also offers wage subsidy
sy and land subsidy amounting to S,. These are financed by lump-sum taxes, whose total
value is T, imposed equally on all households in the two regions. The government’s budget

equation then becomes



[z + sy + efitkDIYELE, =T = S, (1D

where y/ is the employment rate in region j. Note that because S, is a lump-sum subsidy,
the present analysis is valid also where a general lump-sum subsidy, rather than a land
subsidy, is paid to household E.

With perfect labor mobility between the two regions, household j’s disposable income,
Y/ (j = E, W), satisfies

Sr+rPKE T _ wWyW 4 sp+rEKE T

E _ EN, E
Yo =(sy, +twH)y* + i . i o
(12)
W W W W
YWZ(SW+WE)]/E+rL‘;<, —%ZWWVW-}-%—%,
o o

where the second and third expressions of each equation show respectively the expected
income when the household lives in region E, and that when the household lives in region

W. From (12),
(sw +wEYE =wy", (13)

where, from (8), w" is a function of w, and from (10), w¥ is a function of w, k¥, z, and €.

The factor markets in region W satisfy
k1L1 + k2L2 = KW, L1 + L2 = )/WLK,’V, (14)
where K/ is the land endowment of region j. Thus, we obtain

_ k¥ @-1H)-k" _ K" —kay"@-1%)

L, = looi (15)
Since region E includes only sector 1, we have
yELEKE = KE. (16)



From (3) and (16), we obtain the market equilibrium conditions for commodities 1 and 2 as

follows:
E
pifily + pifi(kf) I;_E = @(w)(YELE +YWLY),
' (17)
P2foly = (1 — @(w))(YELE +YWLY).
These yield
filq +f1(kf);:_§
——— M- s =0,
2542 (18)

where 6(w) = %, 6(w) >0, 6'(w)>0,

and we derive the properties of § (w) from (4).

3. Policy analysis

Having established the model, we next analyze the welfare effects of subsidy
replacement. The government originally pays land subsidy S, to household E, and then
replaces it with the wage, employment, or production subsidy (s,,, z or €); this urges
workers to move into the region and firms to increase local production.

We assume that the subsidies initially satisfy
sw=0, z=0, €¢=0, (19)
and analyze the welfare effects of the replacement policies in the following four situations:
(1) full employment in both regions, (ii) unemployment in both regions, (iii) unemployment

in region W and full employment in region E, and (iv) full employment in region W and

unemployment in region E. For simplicity, we assume that unemployment is the result of



wage rigidity. Noting that w% = w"(w), from (9), the endogenous and exogenous
variables in each case are
(i) wf and w, while yE = 1,y% = 1;
(i) yE(< 1) and y" (< 1), while w& = wE, w" (w) = w";
(20)
(iii) wE and y" (< 1), while y £ = 1, w¥(w) = w";
(iv) yE(< 1) and w, while wE = wE, yW = 1.

While the three subsidies raise the labor income, their effects on employment
significantly differ. Employment and production subsidies, z and &, respectively, urge local
firms to produce more and thereby increase employment. Wage subsidy s,, urges household
W to move into region E by raising the total labor income without stimulating local
production, and hence this may worsen the local employment.

By applying L; and L, in (15) to (18), substituting LE in (16) to the result, and noting
that k; = k;(w) and k, = k,(w) from (9), we obtain w as a function of y", y£, and k¥,
where, from the second equation of (10), k¥ is a function of w, wZ, €, and z. Thus, by
totally differentiating these equations and rearranging the results, we obtain the relationship

between w, wE, yW, yf . €, and z. That is,
)y 4

Adw + (fikz+8f2k )Ly dv" + YW (fika+8faka) LR dvE —

ka—kq vE(ky—kq)
W;E W, E
(aH;s)fzkﬂ/ Ly E — _ (wzg),{CZI(;y Ly (WEdG + dZ), (21)
p1 (k)" £ (kF) (k2=k1) pa (k)£ (kF) (kz=1)
_ (@+8)f%1Ly (w+8)ff L, (0+8) foker YW LREWE (9-1)

_ !
T (ka=k2f]" " (ka—k1)2w3f)’ 0'falz +

wpa (k)" 71! () (k)
the derivation of which is given in Appendix A. By totally differentiating (13) and

substituting w?’ (w) into (9), we have



—oYwW (ke —
p2f2k1+£)1(k<:)z\::1)(k2 kl)VW dw + widy? —wWdy" + yEdwf = —yEds,,. (22)

Equations (21) and (22) include four endogenous variables, dw®, dy£, dw, and dy", and
three policy variables, de, dz, and ds,,. Equation (20) shows that in each case, two of the
four variables are given. Thus, these equations completely determine the policy effects on
all the four endogenous variables.

We next derive the welfare effects from the above results. The government replaces
land subsidy S, by employment subsidy z, wage subsidy s,,, or production subsidy €; the

total amount of lump-sum tax 7'is fixed,
dT = 0.

From (10), k¥ is a function of w, w, €, and z, and from (16), L is a function of y£ and
k¥ . By substituting these functions into YZ and Y™ represented by (12), totally
differentiating the results, and taking account of (2), (15), and the second equation of (17),

we have

dYE = — (1—<P)(WE+p;f1’(kf)kf)YE do + WEd)/E,

(23)

dyW = G TP GV )y gy,
o

Equations (20), (21), and (22) lead to dw®, dy%, dw, and dy". Therefore, by applying
them to dYE and dY", we obtain the policy effects on both regions’ income. They
straightforwardly imply the welfare effects of subsidy replacement, because the utility of
household j (for j = E, W) is u(Y”) in (5). We obtain them for the four cases summarized

in (20).

10



Note that neither dYZ nor dY" in (23) directly depends on the policy variables, S,., z,
Sw, and €. This implies that the policy variables affect YZ and YW only indirectly through
changes in the terms of trade and each region’s rate of employment, which we call (i) the
terms of trade effect and (ii) the employment expansion effect, respectively. In addition to
these two effects, replacement policies create another effect, (iii) the effect of redistribution
from land owners to firms or workers. When both (2), that is, LE = LE, and (19), that is,
sw=0,z=0, and € = 0, are valid, this redistribution does not yield any interregional
redistribution, as explained below.

By replacing a land subsidy by a wage subsidy, the subsidy payment shifts from land
owners to workers in region E. From (19) which implies that the initial wage subsidy is
zero, an increase in immigrants creates no transfer to them. From (2), the number of
immigrants is negligible, and therefore almost the entire subsidy goes to native workers.
Thus, the subsidy transfers due to replacement of the land subsidy by the wage subsidy are
almost fully taken by native workers. The land subsidy replacement by employment and
production subsidies for local firms go to local land owners as well as native and immigrant
workers. However, assuming no immigrants initially, all the increases in employment and
production subsidies at the cost of decreasing the land subsidy go to the local land owners
and native workers. Thus, the three subsidy replacements create no interregional subsidy
redistribution; that is, we find only the terms of trade and employment expansion effects.
The mathematical expressions dYZ and dY" in (23) clarify this property, which is

summarized as follows:

Lemma 1: When (2) and (19) hold, there is no interregional redistribution effect, there are

only the terms of trade and employment expansion effects.

11



Therefore, we focus on the terms of trade and employment expansion effects in the four
cases given in (20).

In case of full employment, no employment expansion takes place for native workers
in the region. Thus, if the total employment involving native and immigrant workers in the
region expands owing to the subsidy policies, the additional revenue goes to the immigrants
as wages, while the total income of native households remain invariant. This property is
apparent from (23); that is, if the employment rate y/ (j = E, W) equals 1, dy/ = 0, and

therefore we have only the terms of trade effect. This can be restated as follows:

Lemma 2: The employment expansion effect is zero for household j (j = E, W) if region j is

fully employed.

Finally, one naturally assumes that region E specializes in the sector that intensively

uses the abundant factor. This property is formally presented as follows:

K KE KW KW _ KE

. — > - - - e

Case A kz > ) > kl = Lg, k2 > L;/Il/ > kla L‘g/ > L(E;’
(24)

K KE KW KW  KE

CaseB: k, <—< ki<, kh<<k, w<-F

L LE v T LE

3-1. Full employment in both regions
In (20) case (i), both regions achieve full employment (y£ = 1, y" = 1); therefore,

from (13), (21), and (22), we obtain

12



_ (w+ &) f2k1LE
pa (KE)* £ (kE) (k2 —k1) 4

dw = (wEde + ds,, + dz),
dw" = dwt +ds,,

(25)
_ (P2f2k1+(1—<.0)WW(k2—k1))(w+5)fzk1Lﬁ

P2 (KE)* £ (kE) (ky—k1)?024

(wtde + dz + ds,,),

YO, VAT NCEY.) RN LY. Y0 T
2 = G T Gakorerry T TGE) \WBg—kp) 0 f2k2 <0

The first equation of (25) implies that
SwT,el,zT = wl(or?) ifk, > ky (ork, <ky).

Therefore, from (23), where y£ = 1 and y" = 1, we have

arf _ ((1—<p)(wE+p1f1'(kf)k1E)YE) o >

do 19 do =’

ar? _ ((1—<ﬂ)(wE+p1f1’(kf)kf)yEyg) do _

do a)L‘g/ do
if ky2k, for 0d=s,,6€, 2.
Because the utility of household j(= E, W) is u(Y’), as shown in (5), we have the

following proposition.

Proposition 1: If full employment prevails in both regions, replacing a land subsidy by
wage, employment, and production subsidies makes household E better (worse) off and
household W worse (better) off when region E specializes in the labor-intensive

(land-intensive) commodity.

13



When full employment prevails, from Lemmas 1 and 2, there is neither the
interregional redistribution effect nor the employment expansion effect. Hence, we have
only the terms of trade effect. Replacement policies first raise the labor income in region E,
and then increase the wage in region W, as shown in (25); this raises the price of the
labor-intensive commodity. Therefore, if region E’s product is labor-intensive, it benefits
region E but harms region W through the terms of trade effect. If region E’s product is

land-intensive, it harms region E but benefits region W.

3-2. Unemployment in both regions

In (20) case (ii), where the wages in both regions are fixed, we have from (21) and

(22),
dy* = — Loy Ln(w+9) (wWEde + dz) — Y g
pa(KE)’ £ (KE) (F1ko+6 fokr)L wEL oW
dyV = —— ALk (g8 ge 4 gz) 4+ L1 g (26)
p1(KE) £ (KE) (fykp+6 k1)L wEL oW

dwf =0, dw =0.
By substituting dy" and dy® in (26) to (23), we obtain the income effect on household E
as well as that on household W:

LEYEWE fk1 (w+6) vELY

dy* = - (WEde + dz) -2 ds,,,
p1(KE) 1" (KE) (frko+6 frke )L LW
dyw = — LEYyW W £k (w+6) (V_VEdE N dz) + wWyWE ds
P (KE)” £ (KE) (frka+ 6 fokn)L TwEL Swe

Because f;" < 0, the above equations imply that
dYE/de >0, dYE/dz >0, dYEt/ds, <O0;
dYW/de >0, dYW/dz >0, dY"/ds, > 0.

These properties are formally restated in the following proposition:

14



Proposition 2: /n case of unemployment in regions W and E, replacing a land subsidy by
production and employment subsidies makes both households better off, whereas replacing

it by a wage subsidy makes household E worse off and household W better off.

In region W, where both commodities are produced, the relative price does not change
because of wage rigidity; this implies that the terms of trade effect does not exist. From
Lemma 1, there is no interregional redistribution effect. Thus, only the employment
expansion effect exists. Replacement with production and employment subsidies expands
region E’s production as well as the native and immigrant employment, making both the
regions better off. The wage subsidy does not change the wages of both regions’ firms, and
so the production of neither region is affected. However, some workers in region W may
move to region E and take up some employment there. Thus, the employment expansion
effect is positive for household W but negative for household E, making the former better

off and the latter worse off.

3-3. Full employment in region E and unemployment in region W

In (20) case (iii), where the wage in region W is fixed, from (21) and (22), we obtain

(w+8) fak YW LE
dyV = (wEde + ds,, + dz),
p1(KE) 1" (KE) (frko+6 frke )L v
dwf = 2(w+6)f2k1yWWWL% (WEde + dz) +&¥ (27)
p1(kE) f' (KE) (fika+8 f2k)LY 2p 0p’

yE=1, dw =0,

where

15



(w+8) fokyWILEWW

b= p1(kf)sz’(kf)(f1k2+5f2k1)L‘r/1V

—-1<0.

Therefore, the first equation in (27) implies that

sy, T,el,zT-> yW 1,

By substituting (27) into (23), we obtain the effects of subsidy replacements on the

income of household E (or W). They satisfy
dYt =0, dYy" > 0.

Because the wage rate in region W is fixed and both commodities are produced, the relative
commodity price is fixed. Thus, the terms of trade effect does not exist. Furthermore,
Lemma 1 implies that the interregional redistribution effect does not exist. As regards the
employment expansion effect, replacing land subsidy with the other subsidies urges
workers to come to region E, and this improves the employment situation of household W,
implying a positive employment expansion effect for household W. However, no
employment expansion occurs for household E because it is fully employed. Thus, there is

no effect on household E’s utility.

Proposition 3: In case of full employment in region E and unemployment in region W, all

the subsidy replacements increase the utility of household W while the utility of household E

remains unaffected.

3-4. Unemployment in region E and full employment in region W

In (20) case (iv), where w& = W&, from (21) and (22), we obtain

16



(w+8)LE fakq
pa (KE)* £l (kE) (ko —k1) ¢

(fika+8f2kq)LE
wE(k—k)e W

dw = — (wEde + dz) +

(28)

JyE = (0f2k1+(1-0)(fa=f3 ez —kD) )2 ) (@+8) fo k1 LE

wlde + dz) —
KBV ()7 (ke (wde + dz)

E
Y°B
wEQ, dsy,
E _ w o_
dw® =0, y" =1,
where

_ (0+®f%L, (w+8)fEL,
€7 (ka=k1)2f]" " (ky—k1)2w3f,’

—8'fol,

. p1f2(f1k2+5f2k1)Lﬁ( k1 (kz—k1)L2) _PLaE(w+8)wEk,
(ka—k1)? yEWE Y (KE)? £17 (KE) (ky k1) Y

b

fo?LyLE(w+8)WFky
(kf)zf{'(kf)(kz—kﬂy

_ (0+8)f%L, (w+8)fEL,
T (ka—kD2f]" T (ka—kp)2w3f)’

_6,f2L2_ (<01fk2 <k1),

and (2. is the derivative of the left-hand side of (18) with respect to w. Because the
left-hand side of (18) is the supply-value ratio of commodity 1 to commodity 2 minus the
demand-value ratio, it must decline as w rises; that is, {2, is negative. Therefore,
SwTel,zT= wl(orT) if k, > ky (ork, < ky);
el,zT=>yE T, (29)
s, T=2yE Ll if k, <k,.

Because an increase in production, employment, and wage subsidies raises the
expected labor income in region E, the wage in region W also rises. Therefore, the relative
price of the labor-intensive commodity increases, as the first line in (29) shows. As for the
effect on the employment rate in region E, an increase in production and employment
subsidies expands the employment and production in region E, and hence raises y£. An
increase in wage subsidy s, urges the workers in region W to move to region E without
directly stimulating the production in region E, and so the employment rate y£ declines.

Moreover, if k, < k;, w increases, as shown in (29), which lowers the price of the local

17



commodity in region E and urges the local firms to reduce y£ further. If k, > k,, however,
w decreases, which increases p;(w), urges the local firms to increase employment, and
hence makes the sign of dy £ /ds,, ambiguous.

Using (29), one finds that dY£ and dY" given in (23) satisfy

dYW _ (1—(P)(WE+p1f1,(kf)kf)VELg dw < . > .
= w —sS0 if k; 2ky;
do wLg do

avf (@) (wWE+ps Al (KD)KT)YE dw + wE ﬁ; (30)
do w do do
for 0 = s, €, z.
From Lemma 1, there is no interregional redistribution. Because of full employment in
region W, the employment expansion effect for household W is zero, as Lemma 2 shows.
Thus, only the terms of trade effect exists for household W, which is explicitly exhibited by
the first equation in (30).

Because region E is underemployed, both the terms of trade effect and employment
expansion effect exist, as the second equation in (30) shows. To find the total welfare effect
on household E, we compare the two effects. Applying the properties in (29) to the second
equation in (30) yields

dYE/dz >0, dYE/de > 0 if k, > kq;
(D)
dYt/ds, <0 if k, <k;.
From (29), the terms of trade effect on household E is positive (or negative) when the local
commodity is labor-intensive (land-intensive). Employment and production subsidies, z
and €, expand the employment in region E and make household E better off. Thus, if the

local commodity is labor-intensive (i.e., k, > k;), both the terms of trade effect and

employment expansion effect of the two subsidies are positive, making household E better
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off, as the first line in (31) shows. If the local commodity is land-intensive, however, the
two effects have opposite directions and the welfare effect becomes ambiguous.

A wage subsidy urges household W to move to region E, decreasing the employment
rate in region E. This raises the expected labor income in region E and the wage in region
W, and hence increases the relative price of the labor-intensive commodity. Thus, if the
local commodity in region E is land-intensive, the wage subsidy not only lowers the local
employment rate, but also worsens the terms of trade, making household E worse off. If the
local commodity in region E is labor-intensive, however, the terms of trade improves
whereas the employment rate worsens, and the welfare effect on household E becomes

ambiguous.

Specific utility and production functions: In order to explicitly show that the effects of
the employment and production subsidies on household E’s utility can indeed be positive
and negative when the local commodity is land-intensive, and that the effect of the wage
subsidy on household E’s utility can be positive and negative when the local commodity is

labor-intensive, we assume the following specific utility and production functions:
u=cfe,”, filk) = kf, fo(ks) = ki wherea. 8,9 € (0,1),  (32)

and consider the case where the employment rate in region E is almost unity,

Q
=

We show below that in this specific case, the effects on household E’s utility can be
positive and negative depending on some parameter values. Thus, generally, the effects can

indeed be positive and negative.
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The welfare effect of the wage subsidy on household E when k, > k;: In this case, the

sign of dY® /ds,, is ambiguous. As proved in Appendix B, the L; = 0 curve is

o= (= ). &

which is shown in Figure 1, and the boundary that makes dY£ /ds,, positive or negative is

as depicted in Figure 1.

@
. b case B ... o CasE A
: \\L2 =
- <0
B0 [0
0 o ' = B

Figure 1. The sign of dY£ /ds,,

Replacing a land subsidy with a wage subsidy urges the workers to move from region
W to region E, and this worsens the employment rate in region E, harming household E. It
however raises the wage in region W and the relative price of the labor-intensive
commodity, that is, commodity 1 in the present case. Thus, the terms of trade of household
E improves, benefiting household E. If the beneficial effect of the improvement in terms of
trade dominates the negative effect of the decrease in employment, household E is better
off. The magnitude of the two effects depends on the values of ¢ and S. If ¢ is low, the
ratio of consumption expenditure on commodity 2 is large, and hence the benefit due to the
decline in w is large, as is clear from the expression of dY£ /ds,, in (30). Moreover, if B is

close to 1 but a is not, the production of commodity 2 does not require much labor, but that
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of commodity 1 does. Thus, an increase in wage raises the production cost of commodity 2
a little, while the cost of commodity 1 significantly rises, making w broadly decline.
Because the benefit and magnitude of the decline in w are both large, the positive terms of

trade effect is significant, and dominates the negative employment expansion effect.

The welfare effect of the production and employment subsidies on household E when

k, < ky: As shown in Appendix C, the boundary that makes dY£ /do (for o = €,z)

positive or negative is as illustrated in Figure 2.

case A

E E
>0,9— >0

Figure 2. The sign of dY£ /do (for o = €, 2)

Replacing a land subsidy with production and employment subsidies expands the
employment in region E, benefiting household E. It however raises the wage in region W as
well as the relative price of the labor-intensive commodity, that is, commodity 2 in the
present case. Thus, the terms of trade of household E deteriorates. The magnitude of the
employment expansion and terms of trade effects depends on the values of ¢ and . If ¢ is

low, the ratio of consumption expenditure on commodity 2 is large, and hence the harm due
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to the rise in w is large, as mentioned in the previous subsection. Moreover, if § is small
and « is large, the production of commodity 2 requires much more labor than that of
commodity 1, and the wage increase raises the production cost of commodity 2 much more
than the production cost of commodity 1, significantly raising w. Thus, both the harm and
magnitude of the rise in w are large, and the negative terms of trade effect is so large that it

dominates the positive employment expansion effect, making household E worse off.

Summary: The results of (30), (31), and the two figures are summarized as follows:

Household E Household W
du?” /de < 0
duf/de > 0, duf/dz > 0
case A: du"/dz < 0
ky>k, | =1 duf/ds, <0
du"/ds, <0
Q= @Q°, B =~ duf/ds, >0
p=~1 duf/de > 0,duf/dz >0 du"/de > 0
case B:
p=@p,B=0 duf/de < 0,duf/dz <0 du/dz > 0
k, < ky
duf/ds, <0 du" /ds, >0

In the above expressions, ¢ is given by (33). Therefore, we have the following

proposition:

Proposition 4: In case of unemployment in region E and full employment in region W,

subsidy replacements possess the following properties:
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Case A (ky > kq): All the replacement policies decrease w and household W's utility.
Production and employment subsidies increase household E's utility. A wage subsidy can
make household E better off and worse off. Under the utility and production functions given
in (32), the welfare effect on household E is negative when the ratio of consumption
expenditure on commodity 1 is large. However, it is positive when [ is close to 1 and the
ratio of consumption expenditure on commodity [ is so small that region W almost
specializes in commodity 2.

Case B (k, < kq): All the replacement policies increase w and household W's utility. A
wage subsidy makes household E worse off. The welfare effects of production and
employment subsidies on household E are ambiguous. Under the utility and production
functions given in (32), the effects are positive when the ratio of consumption expenditure on
commodity 1 is large. However, they are negative when 8 is small and the ratio of
consumption expenditure on commodity 1 is so small that region W almost specializes in

commodity 2.

4. Concluding Remarks

A government offering a subsidy to a local region can choose between a lump-sum
transfer and various other subsidies that affect local economic activities. Using a two-region
two-commodity two-factor model in which the subsidy recipient region produces only one
of the two commodities because of lack of technology, we analyzed the welfare effects of
replacing a lump-sum transfer by production, employment, and wage subsidies on the
recipient and non-recipient regions under various full employment and underemployment

combinations.
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If the recipient region’s wage is flexible and full employment prevails, the replacement
policies urge workers to migrate to the recipient region because the labor income in that
region increases. The wage of the non-recipient region also increases if it is flexible, and
the price of the labor-intensive commodity rises. If the recipient region specializes in the
labor-intensive (land-intensive) commodity, the terms of trade in this region improves
(deteriorates), and the native households of the region is better (worse) off. If
unemployment prevails in the non-recipient region, the relative price does not vary and
subsidy replacements have no effect on the recipient region.

If unemployment prevails in the recipient region, replacing a lump-sum subsidy with
production and employment subsidies expands employment and benefit the region.
However, a wage subsidy does not stimulate local production, but urges workers to move
into the region, and this worsens local employment and harms the recipient region. If the
non-recipient region also suffers from underemployment, the relative commodity price
shows no change. Therefore, only the employment effect matters; that is, production and
employment subsidies benefit, and a wage subsidy harms, the recipient region.

If the non-recipient region achieves full employment and the recipient region remains
underemployed, the three subsidies raise the wage in the non-recipient region and increase
the labor-intensive commodity’s price. Thus, if the recipient region’s local product is
labor-intensive, the region’s terms of trade improves. Moreover, production and
employment subsidies increase local employment. Therefore, they definitely make the
recipient region better off. A wage subsidy, however, worsens the region’s local
employment. Thus, it reduces, or even dominates, the benefit due to the improvement in
terms of trade. If the local product is land-intensive, however, the three subsidies worsen

the recipient region’s terms of trade. Therefore, a wage subsidy always harms the recipient
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region through two channels: deteriorating the terms of trade and decreasing the
employment rate. Production and employment subsidies, however, expand local
employment and alleviate, or even dominate, the harm due to the deterioration in the terms
of trade.

Nowadays, several developed countries, including the EU and Japan, show declining
birth rates, especially in urban areas, and migrations from rural to urban areas. For a future
study, the present model can be extended to these problems and applied to analyze the
welfare effects on rural and urban areas of population changes and subsidy policies

affecting interregional immigrations.

Appendices
Appendix A
By totally differentiating (18), where L, and L, are given by (15) and LE is given by

(16), we obtain

(fika+82kDLW o YW (fiko 48Rk DLE | g (048 fki¥WLIE o E
A-dow +—=2——2"dy" + dy® +—=—2=""—"2dk =0
@ k2—k1 14 YE(ka—k1) 14 KkE (kz—k1) 1 > (AD

where, because p,f, = r'k, + w" from (8), we have

_ (+8)f°Ly (W+8)fELy
T (ka—kD2f] T (ka—kp)2w3fy'

- 5,f2L2 < 0.

By totally differentiating the second equation of (10), we have

wEd£+(WE(qo—l)/a))-dw—dwE+dz
pikifi’ (kT)

dkE =

Substituting this dk£ into (A1) and rearranging the result yields (21).

Appendix B
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Applying the utility and production functions in (32) to the two equations in (8) yields

fisfeo _ B
k1 k2 a

b

Because L, = (KW — k,L;)/k,, from the first equation in (14), substituting L, and the

above equation into (18) when y£ ~ 1 gives

¢P @ gw_Bg
a
Ly = ;3p @
(E _(p)
Since both commodities are produced in region W, L, given above, must be positive, and
thus

BKE ¢
¢ aKW+BKE_(p'

Note that region W produces only commodity 2 (i.e., L; = 0) when ¢ = ¢°. Thus, the
L; = 0 curve in Figures 1 and 2 shows the curve of ¢ = ¢ given in (33).
Substituting dw and dy® in (28) into dY% in (30) gives

arf _ (fika+8fka)LE

dsy wwE(ky—kqy)20, 11

where

L B W B ELE _ _ (@+8)fyEwE)?
m=0-@)k;, —ky) (W +7°7 pl(f1k2+5fzk1)k1f1”)

wyEwE (ky—k1)? ((w+5)szL1 @+Offly _ _ o L )
(frka+8f2kDIE \(kg=k)2f]" " (ka—kq)2w3f]’ zm2 )

Applying the production functions in (32) to 1, yields

_ MA@ (B-a)((B=a) A—@)+ )LE~(a(1=a)L1 +B(1=p)La)]
! a(1-B)(B1-p)+ap )L,

The boundary curve in Figure 1 is the relationship between § and ¢, which makes 1, equal

to zero:
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1=@)B-a)((B-a)A =) +1)L7 = (a(l — )Ly + (1 = B)Ly).

In case k; < k, it holds that « < [ when the production functions are given by (32). Thus,

we find that dY£ /ds,, < 0 above the boundary curve and dY£ /ds,, > 0 below the curve.

Appendix C
In case k; > k,, we obtain ¢ > [ when the production functions are given by (32).

The effects of € and z on YZ given in (30) become

E_ _ LERk{T (w+8)(WEde+dz)
a(-Rw(kE) £ (KE)ep—k1)20c -

3

wheren, =a(l1-a) + (1 -@)(B-a)2 - a),a > B,
implying that the sign of dY%/dz and dY% /de is the same as the sign of 17,. The condition

under whichn, 2 0 is

> a(l-a)
R (s )
Figure 2 illustrates this property.
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