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ABSTRACT

After reviewing related literature, this study arises from the hypothesis that chronic wage gap
between skilled and unskilled labors may come from skilled-biased technological progress. Unlike
many studies which consider skilled-biased technological progress as exogeneous variable, this
study points that government policy, a change in skilled to unskilled labors proportion and a change
in relative world price may be principals of this phenomenon.

Firstly, this study aims at constructing the international traded-model which includes the role
of government in technological promotion. The economy in this model is set up to last for two periods.
Besides the production and consumer sides, this study sets up the per Capita disposable national
income (pDNI) maximizing central planner who imposts taxation and expenses to promote efficiency
of skilled and unskilled labors in the first period.

The other aim of this study is to explain the impact of the changes in the relative world price
and skilled to unskilled labors proportion on the inequality through the channel of government's
technological promotion. In this study, inequality refers to relative wage between skilled and unskilled
labors.

This study explains three causes of inequality as follows. The first cause of inequality is
government expenditure. Given the amount of labors and world prices being equal throughout two
periods, under actions of national income maximizing government as technology promoter,
government increases inequality if the labor proportion is more than critical value but decreases

inequality if the labor proportion is less than critical value.
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The second cause is the increase of skilled to unskilled labor proportion in the second period.
While a small change in the labor proportion does not affect the relative wage in the first period, it
increases the relative wage in the second period, comparing to the case of unchanged labor
proportion.

The third cause is the decrease of the relative world price. The result from this study aligns
with the prediction in the Stolper-Samuelson theorem; When the relative world price in the first and the
second period increases (decreases) by the same small percentage, skilled labors real wages will
decrease (increase) and unskilled labors real wages will increase (decrease). Moreover, the
magnitude of increasing or decreasing of real wages in the second period is more extreme than the
first period.

Integrating all of these conclusions, an increasing (a decrease) of skilled (unskilled) labors
and an increase (a decrease) of price of goods which is skilled(unskilled)-labor intensive in the
second period will retard government’s inequality reduction if the labor proportion is more than critical

value, but reinforce government’s inequality creation if the labor proportion is more than critical value.

Keyword : Skilled-biased technological change, inequality, government, relative wage, relative world price, skilled
labor, unskilled labor,

e-mail address : natt.hnongdilokkul@gmail.com

Introduction

Inequality between the rich and the poor is the chronic economic and social problem in many
economies. Thailand is another one of the most rapid growth country for the past several decades
but inequality still exists. Increasing in degree of openness, Thailand’s volumes of export and import
have been increasing dramatically for a few decades. These facts do not align with the prediction in
the Hecksher-Ohlin model which predicts that wages of unskilled labors will increase more than other
factor’s return when a country exports unskilled-labor intensive products after trade opening. Thus,
there must be other important “black box” that influences inequality in Thailand.

The controversy about the causes of inequality has been debated for a long time.
International trade liberalization and technological change have been generally accepted as the
mutually causes of inequality (Romagosa, 2005). However, while some economists claim that skilled-
biased technological change is the major cause of inequality, the others blame international trade
liberalization. To combine both aspects, this study will focus the effect of technological change on

inequality in the context of international trade.
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Nowadays, technological progress grows rapidly and, moreover, asymmetrically: skilled-
biased technological change. This study states the hypothesis about skilled biased technological
change that this process cannot takes place by itself. On the contrary, it is a consequence from other

changes. This study will focus on several suspicious principals.

Table 1
R&D expenditure, percentage of overall domestic’s R&D expenditure in 2000 and 2001
Higher
Government Industrial
Countries Education others
sector sector
sector
China 25% 63% 12% -
Malaysia 25% 58% 17% -
Korea 15% 74% 1% -
USA. 1% 73% 12% 4%
Thailand 46% 35% 18% 1%
Norway 23% 51% 26% -

Source: Adapted from the National Research Council of Thailand’

The first suspicious principal is the government who plays a role as technology promoter.
After reviewing the literature about technology progress, there are very few models in which include
the roles of government. The small role of government in R&D sector in developed countries may be
an explanation for why it has been neglected by western researchers. But in the context of some
developing countries, especially Thailand, the government’s role in R&D is more important than the
private sector, according to table 1. Therefore, this research aims at constructing a model which
includes the role of government as technology promoter.

The second suspicious principal is increasing of skilled labors. Acemoglu (2002) remarks
that, over the past 60 years, the U.S. relative supply of skilled labors has increased rapidly.
Contradicting to conventional ideas, this leaded to increasing in the college premium over this time
period. Moreover, Acemoglu claims that skilled biased technology concerns with this phenomenon.
For the case of Thailand, education system has been developed and causes a sharp increasing in

skilled labors who graduate from colleges or universities.

2
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The last suspicious principal is world prices. Since Thai economy heavily depends on world
economy, any fluctuations from the external can penetrate to local economy through swing of world
prices and may also impact technology in production of Thailand.

This study aims at constructing the model which includes the role of government as
technology promoter in the context of open trade economy and explaining the impact of changes in
relative world price and labors force on the inequality through the channel of government's

technological promotion.

Reviews of related literature

The Literature about inequality topics

There are many ways to measure income inequality. The classic one is Gini coefficient,
measuring on a scale from zero (perfect equality) to one (perfect inequality). The other alternative is
Quintiles share (20%) of national income. But these measures are limited for applying in theoretical
model. In many theoretical papers, such as Acemoglu (2001), Zhu and Trefler (2005), use relative
wage, the ratio of skilled wage and unskilled wage. The relative wage measure how difference of
wage between skilled labors and unskilled labors. In this research, relative wage is applied for
measurement of income inequality because it is suitable for the structure of model in this study.

Many researchers point that inequality has been increasing for decades, e.g., Acemoglu
(2001,2002), Zhu (2005), Cline (1996). Juhn and Murphy(1995) study the contrasted change between
wage inequality and the growth of demand and supply of skilled labor and find that the gap between
skilled and unskilled labors is even worse though the supply of skilled labors increase. Cornia and
Kiiski conclude that most of all countries faced the rising of inequality. Therefore, Rising of inequality
in over times is widely common agreed by economists.

There are vast differences in explaining for the cause of inequality. Among many arguments
for the causes of inequality, however, “trade-and-wage debate” is frequently cited by many
economists. Difference between skilled and unskilled labors wages is caused by the rightward shift in
relative demand for skilled labor. On one hand, some believe that skilled-biased technological
change increases the demand and skilled labors wages. On the other hand, the others claim that
international trade has an account.

Zhu and Trefler (2005) replicate continuum-of-goods Hecksher-Ohlin model (Dornbusch,
Fischer and Samuelson 1980) and develop by allowing existence of technology gap between the
North and the South. On their opinion, technological change, skilled-biased or not, is the major cause

of inequality and international trade plays a role as channel of the effect from technological progress.
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Acemoglu (2001) builds the model in which technical change is endogenous. In application
of the model, Acomoglu points the fact that the amount of skilled labors and skilled to unskilled wage
ratio have positively related. Acemoglu proposes the alternative explanation that increasing of skilled
premium and skilled biased technical change are the mutually effect from the exogeneous causes,
such as migration and international trade. In Acemoglu’s opinion, skilled-biased technological change
is just the one of consequences from international trade, which is one of causes of increasing
inequality in his model.

Acemoglu’s model can be applied for constructing model in this study. Given technological
progress as endogeneous variable, the model has story behind the process of technology change.
Technological progress does not take place by itself, but it is driven by other factors or actors in
model. Unlike Acemoglu, this study aims at constructing the model which includes the role of

government in technological promotion.
The Literature about the role of government in technology progress

Beije (1998) explained that government may play a role in stimulating R&D in two points: the
use of patents and adopting policy. He sorts out technology-stimulating policy into science policy,
which is concerned with higher education and public research, and technology policy, which focuses
on subsidies or taxes to stimulate innovation in private firms directly.

The instrument of technology policies can be sorted out into direct and indirect instrument.
Direct instruments try to stimulate private firms’ R&D directly, for example, tax facilitations and
subsidies. Indirect instruments try to facilitate creation, diffusion and application of technological

knowledge.

The model
The set up

The economy in this model is small and free trade economy. The economy lasts only two
period, t €{1,2} . There are 2 goods, X and Y with the price P, and R,, in each period. Since the
economy is small and free trade economy, P, ; and PR, are equal to the exogeneous world prices,
P)(Nvt and R(Wt There are 2 factors; skilled labors, H, and unskilled labors, L, whose wages rate at
W, and W_, respectively. The economy has the fix amount of skilled labors and unskilled labors in
each period, HtS and Lf . We assume that all goods and factors markets are perfectly competitive.

Each good has production function as follow.



o1 SN
xtP=|:7/x(AL,tLX,t)G +(1_7X)(AH-IHX‘) } 1 W

YtP:|:7Y(AL,tLY,t)U;+(1_7Y)(AH,tHY,t)U;}G_l (2)

Where A >0 and A, >0 are efficiencies of unskilled labors and skilled labors in period t
respectively. y,is a distribution parameter which determines how important the two factors are. L, i
and H,  are amount of unskilled and skilled labors used in | industries, |, € {XI Y, } . This study
assumes that 0< y, <7, <1 to set X as unskilled labors intensive relative to Y. o €(0,0) is the
elasticity of substitution between the two factors which are assumed to have the same o . Note that
we superscript P to specify equation (1) and (2) as the amount of X and Y produced in economy.
They are not necessary equals to the amount of X and Y consumed in the economy, Xtc andYtC ,
which will be shown in consumer side topic.

In the first period, the economy’s central planner collects ad-varolem tax at rate 7 equally on
every labor's income and distributes total amount of revenue are into G,_ and GH for promoting
efficiency of unskilled labors and skilled labors of next period (i.e. , increase A , and A, ,). In the
second period, Central planner will do nothing. Growth of AL and AH can be explained by the

equations as follow,

A, = AL,l(aLGL)§ (3)

A=A (a,G,) ; 0<6 <1 ()

Where a7 and a; are coefficients of G; where j€{L,H}. Note that G_ andG,, are not specified
period because government can only make a decision in the first period. The objective of central

planner is to maximize country’s per capita Disposable National Income (pDNI).

The production side

There are 2 groups of equilibrium conditions. The first set is Zero-profit conditions. Since
goods markets are competitive, the prices are equal to their marginal cost,
P>\<N,t =MC,, (WL,t’WH ,t) (5)
R =MC, (W, wy,) 6)
Note that our marginal cost functions are independent of XtP and YIP because their production
functions are constant return to scale.
The others conditions are full employment conditions. Each factor can be employed in 2
sectors and assumed to be full employment. According to Shephard’s lemma, these condition are

written as follows



OMC,, . (w, ., W, oMC, . (w, ,,w
L[S :ti X,t( L.t H,t)+YtP Y,t( L,t H,t) (7)
8WL,t awl_’t
OMC, . (w, ,,w OMC, . (w, ,,W
Hts _ ti Xt Lt H,t) +Ytp Y,t( L.t H,t) ®)
ow, it aWH,t

H
Since the equations (5), (6), (7) and (8) are 4 equilibrium conditions and there are 4
endogeneous variables, WL’t,WH’t,XtP,YtP, thus we can solve for an unique equilibrium
= o Y P vP
WL,t’WH,t’xt ’Yt :
To find marginal cost function, the cost functions of X and Y must be derived previously from

minimizing cost. We set the cost minimization problem of X as follows.

Min  w,_, L, +w, H,,
LX,IYHX,I ' ' ' '

ST. Xf(Lx,t,Hx,t):[yx(AL,th,t)a‘; +(1_“)(A“"H“)(:}Gl

After solving above problem, we yield the cost function of goods X as follows.

1
CX,t (WL,t Wi ¢ ti) = xtP |:}/;AE;1WE6 +(1_ Vx )J A:Ttlvvll-li,?}lia (9)
Do the same pattern with goods Y and then yield
1
Co (Wes W Y7 ) =P | A7 ATPWE + (27, ) AT WS |7 (10)
oc, . (w .,w, 17
Since MC,, = I't( Lt 5 ne ) ,IIP G{XIP,YIP}, and equations (5) and (6), the zero
| al,
profit conditions of X and Y can be rewritten as
1
P)\(N,t = MCX,t (WL,t Wi ¢ ) = [7; Aft_lwt_t(a + (1_ 7x )U At(j_thlH_fts Jlﬁa (11)
1
P = MCy (W Whe ) =| 77 ATPWEE + (274, ) Al [ (12)

There are 2 conditions (equations), equations (11) and (12), with 2 unknowns
wages, W, , W, ,, So we can solve this system for equilibrium wages of skilled and unskilled labors

and yield

1
AGH A GO

W :A1-| o o
T s - ) (- )

(13)

1
o 1-o o 1-o :
(1_7Y) (P>\<N,t) _(1_7x) (Rrwt) '
re(=n ) =QA=ry) 7

Equations (13) and (14) show the skilled and unskilled labors wages in the case of no

(14)

V_VL,t = AL,t

taxation, i.e. 7=0. For the case of 7 >0, wages in the first period must be sorted out into 2 types:

the market wages which are the rate for producer paying for labors, and the disposable wages which
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are the rate that labors actually receive after tax. Since elasticity of supply for labors are zero (due
to HtS and Lf’ are fix amount), labors will bare the full burden of tax. Equations (13) and (14) can be

rewritten to identify wages as follows,

1
7x (PYVYl )1_0 - (P>\<N,1 )1—0 175
rs(Q=n) -A=-n) W

=M
Wy = AH,l

1

o [ (R ) (R
L= AL > - c o (16)
Vx (1_7/\() _(1_7x) Yy
Wy, =(1-7)WY, (17)
W, = (1-7) W, (18)

(20)

W, = AL,z

Where V_Vrl\:l,l and W|'_V,|1 are the skilled labor market wage and the unskilled labor market wage. Wl-?,l
and WEl are the skilled labor disposable wage and the unskilled labor disposable wage.

Equations (15) and (16) show that market wages before and after tax are the same because
employers (producers) do not bare the tax burden at all. Equations (17) and (18) show that labors,
both skilled and unskilled, bare the full burden of tax. Equations (19) and (20) have the same forms as
equation (13) and (14) since no tax are not collected in the second period. Note that wages in
equations from (17) to (20) are not equilibrium wages until solving for equilibrium central planner’s tax
rate and expenditure.

For positiveness of wages, relative world price must lie in these range,

L, i pW o
(ﬂJ <L\;<(7/—X] if 0<o<l (21)
1-y, R(,t Yy
ﬁ pw _ ﬁ
[7—Y] <2 <(1—7/Y] if o>1 (22)
7x R(,t 1-yy

Now turn to solve for full employment conditions. After differentiating equation (11) and (12)

by W_,W, ,and substituting in equation (7) and (8), the rewritten full employment conditions are
S P W \° o pac-lo—0 P W \° o pc-le—0
L =X, (pX,t) Vx Ay Wiy +Y, (pY,t) A Wiy (23)
S P w \? 9 No-l———0c P w \? 9 No-l——0C
Ht :Xt (pX,t) (1_7x) AH,tWH,t+Yt (pY,t) (1_7Y) AH,tWH,t (24)
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Note that we use W,  and V_\/L’t from equations (13) and (14). Since equation (15), (16), (19)
and (20) show that rate of wages which producers pay for labors are the same rate whether in the
case of taxation or not, equations (13) and (14) are applicable in both cases either. After solving, the

equilibrium outputs are

(25)

) (A= )T ALTWELS — 7 AT HE
yx (=r ) == ) W

Y_tp _ ( pyt )*f’ x A,ﬂ‘fv‘vﬁ t HtS _0(1_ VX )(r :TV_VE,t L[S
rsL=n) =(=n)"w

These imply that the production of X andY,” in equation (25) and (26) are not affected by

ti = ( p\)/(v’

(26)

tax due to insensitivity of the market wages to tax. To force quantity of both outputs to be greater than
zero, following conditions must be set up.
(1_ Ny )U Aﬁtawﬁ,tl-ts - ]/fA,l_'_fV_\lg ,thS >0 (27)
PR HE = (1= ) AW >0 (28)
For positiveness of outputs, relative world price must lie in these range, at any relative world
price that satisfies given range of in equations (21) and (22), equation (29) must be satisfied to
guarantee that both goods X and Y are produced, i.e. )?tp >0 and Y_tP >0.

1-7.) (P H (1-») _ (P
( 7;x) Ft( )i/\,ltj<AH,t SI <( 7;\() R[ X,t] (29)
7x PY,t ALIL[ Yy

_ _ o

PW l-o l-o
pW (1_7Y)6(F:<vx}tJ ~(L=7)
Xt | _ Y.t
where Ft[ J—

W 7/0- ) ?/U % l-o
X Y PYVYt

Y.t

The consumer side

Assuming that entire population in the economy have the same preference, the social welfare
function is
U, = XY° (30)
Where XtC and YtC are the amounts of X and Y which are consumed in economy.

The consumer’s maximization problem is

2 2
-1 CyC
Max 2 U= Bt XY,
S —) ]

ST. P! XZ+PRNYS =wl L5 +wi,H}

W v C Wy C s s
Px,zxz +P\(,zYz :WL,2L2+WH,2H2
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After solving above problem, the equilibrium consumption of goods X and Y in both periods

are as follow

S S
XC — WL,ZLZ +WH,2H2

2 2Py,
w L +w, HS
YZC — L,2 LZZPWH,Z 2 (32)
Y,2
Cc _ WLDlLf _'_WHD:I.H:LS WCAlLf +Wﬁ|/|lHlS
LT opw =(-1) == (33)
X1 X1
YC WLDl : +W|I'3|1Hls WE/,ll : +W|T1Hls 34
T =(1-1) = (34)
Y1 Y1l

Again, note that XtC and th are not equilibrium consumption until solving for equilibrium

central planner’s tax rate and expenditure.
GDP , DNI and pDNI of Economy

There are 3 approaches for calculating Gross Domestic Product (GDP), output approach,
expenditure approach and income approach. The definitions of three approaches are shown in

equations as follows.

GDR® = py X! + py'Y," (35)
GDP;" = py ,X; + p, Yy (36)
GDPlE = p\>/<v,1X1C + p¥v,1Y1C +G_ +Gy (37)
GDP, =w,,L; +w, ,H, (38)
GDR' =w"L3 +w};,H} (39)

Since there is central planner's expenditure in the first period, the definition of GDP in
expenditure approach in the first period must includes central planner’'s expenditure, GL +GH . Since
there are two types of wages in the first period and the GDP in income approach must be calculated
by market rate of wages, the definition of GDP in income approach in the first period applies market
wages for calculating. There exists indifference among these three approaches though the proof is
omitted due to limitation of pages.

Moreover, indifference among three approaches also implies that central planner’s taxation
(or expenditure) dose not affect GDP in the first period because the value of GDF’lo is not affected
by tax. On the contrary, central planner’s action affect economy’s GDP at the second period due to

increasing of A, ,and A ,.
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Disposable National Income (DNI) is the summation of every labor’s incomes which are able
to spend for purchasing, while per capita Disposable National Income (pDNI) is average DNI per one

labor in economy. DNI and pDNI are defined as follows,

DNI, = GDP, —total tax (40)
pDNI, =N 1)
5+ H,

. . o . GDP,
Since there is no taxation in the second period, DNI, = GDP, and pDNI, “Tans But

2 + 2

in the first period, taxation affects DNI, and pDNI, as follows
DNI, = (1-7)w L5 +wf H =w, L5 +wg HP (42)
_ WE/,IlLf +W|ZA,1H15 _ WElLf +W|?|,1H18
pDNI, =(1-7) S 5 = S S (43)
L+ H; L+ H;

Central planner’s problem

Since central planner's objective is to maximize overall per capita disposable income, the

central planner’s problem is set up as follows
2
Max “IpDNI ; 0< 4. <1
.Gy G ;’BG P B

ST. (W' +wy,H’)=G +G, , 0<r<1
where [ is discount factor of central planner.
After solving above problem, the equilibrium central planner’s expenditure and tax rate are as

follows

1
1 s

-0 |1

L (15 +H: )| @=5)" (REe) " —(@-7)" (RY)
L;+H; re(=7) =(A=r)" W

1
1 15
l-o |1

—0

G_L = ﬂeaf 5AL,1

st(l-i + Hls) 7§(PYVY2)170_7\7(P>\<N,2)

LS+HS o o o & (45)
2 2 Vx (1_7\() _(1_7x) Yy

G_H =| B S A, 1
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-1

le—O'_YR(A/ll—O' _10.
P

gtV o s T
‘(‘%’ }A““ T T

1
-5

(L) (B 15 (RY Y LA AN

OfA,le 7);(1_%() _(1_%() % (1_7\() - 7X)

Every parameters and exogeneous variables in equation (46) are positive, therefore

7 >0 .To force T <1, we must assume that

T B L A e
(ﬁc L2+H2]‘ AL

-1

e AR (R
Yo (=3 1=n) % R )

n (47)
-5

<1

(1-x) (R -5 (R [ A AL

LAk Ye(l=5) H1-n) % %ell=5) —1-n) %

Equation (47) must be satisfied to guarantee validity of result from central planner’ problem
Defining terms

In this study, Inequality refers to the skilled to unskilled wage proportion (relative wage,

hereafter), which is mathematically expressed a

WL,t

the relative wage in the first period refers to “relative disposable wage”. Therefore, dividing equation

(17) by (18), the relative wage in the first period is

U[P)\(Nljla o7
_ Vx — -
Wiy _ Aus © R
D w \Lo (48)
Wi, AL,l 1_7 o Pxa 3 1_7 .
Y w X
— PY'l -

Note that the relative disposable wage is the same as the relative market wage because tax

rate is ad valorem. In the second period, dividing equation (19) by (20), the relative wage is
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W,
B =1 this study assumes that initial relative wage is more

some changes of exogeneous variables.

There is perfect equality when —
W ¢
than one, or skilled labors wages are greater than unskilled labors wages. Therefore, an increase of

inequality refers to increasing of relative wage while a decrease of inequality refers to decreasing of

relative wage which is not so great that make # <1
WL,t
Dynamic inequality in this study refers to comparison between the relative wage in the first

1

and the second period.
To analyst central planner’s behavior, dividing equation (45) by (44) yields
N

l-o

_ a,ﬁ A st
af A, '—3 o
Y,2

G)|‘IG)|
|

-

in equation (50), which is called the “expenditure ratio”, increase if central

6

The value of
G,
planner expenses more on promoting efficiency of skilled labors, relatively to unskilled labors’. The

explanation is opposite if the expenditure ratio decreases.
L and can be applied for comparing efficiency of

The “efficiency ratio” is defined as
)t

skilled labors and unskilled labors. In the first period, i is exogeneous. But efficiency ratio in the
1

second period —— is determined by central planner’s expenditure in the first period. According to
(51)

2
equations (3) and (4), the efficiency ratio in the second period is
— )

Au Au
'E‘L,Z AL a6

A change in the efficiency ratio expresses a direction of technology progress; which one

between skilled labors or unskilled labors that their efficiency increases more rapid? Therefore, we
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define that technology progress is skilled-biased when efficiency ratio in the second period increases
from the first period and it is opposite in the definition of unskilled-biased.
The growth patterns of labor force are stylized as follows.
L =nL (52)
HS =n,H} (53)
0<n; <1 when the amount of j labors decrease and 1< n; <o when the amount of j
labors increase ; j IS { L, H} . After dividing equation (53) by (52), yields
L LR (54
L n L G

According to above equation, N is called labor growth ratio. 0<n<1 when skilled to

unskilled labor proportion in the second period is less than that in the first period because the growth
of skilled labors is less than unskilled labors, i.e. N, <N . N>1 when skilled to unskilled labor
proportion in the second period is more than that in the first period because the growth of skilled
labors is more than unskilled labors, i.e. N, >N,

We define skilled to unskilled labor proportion (the labor proportion, hereafter) as
D, = HtS/L[S , therefore

@, =nd, (55)

Equation (55) implies that increasing (decreasing) of skilled to unskilled labor proportion
(labor proportion, hereafter) in the second period, ®,, may come from increasing (decreasing) of
labor proportion endowment, @, , and/or increasing (decreasing) of labor growth ratio, Nn.

Hereafter, the term “endowment” refers to exogeneous variables, except for relative world
price, in the first period. For examples, “technology endowment” is the general term for any functions
of A, and/or A_,, or “labor proportion endowment” refer to @, .

The next section will analyze the dynamic inequality when central planner is technology
promoter and other things being equal throughout two periods. Then analyze the dynamic of relative

wage in the case of the labor proportion or relative world price is changeable.
Central planner’s expenditure and dynamic inequality

This section will show that, though all exogeneous variables do not change, central planner

still plays an important role in changing the relative wage by himself. Given the same relative world
w

price % the relative wages in both periods are the same if efficiency ratio in the second period is
Y.t

equal to efficiency ratio endowment. Therefore, we set the condition that makes indifferent relative

wages between both periods as follows.
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ALY (56)
AL A
After substituting equation (51) in equation (56) and rearranging,

- 9-1

=

<
>
<q
VR
Role]
o <[
N—
T
Q
T
Q
T
Q

* aH AH,l
a A,

PW
The right-hand side of equation (57) is defined as ‘P(%j Given every exogeneous
Y,2
Pex _ P
variables unchanged throughout two periods, i.e. P =—w =—w and O=>d, =d,, equation (57)
Y1 Y,2
can be rewritten as follows.
O =¥ (P) (58)

®@" is called the critical value of the labor proportion. According to equation (56), the critical

value of the labor proportion is the labor proportion in the second period that makes the efficiency

AH,l — KH,Z

ratio in the second period equal to its endowment, i.e. — if ®, = D .
1 2

Given every exogeneous variables unchanged throughout two periods, therefore, we can
conclude that there are three cases of the dynamic inequality as follows.

(1) Inequality does not change throughout two periods if the labor proportion in the second

o —D

. . . - . W 2 WH 1 . *

period is equal to its critical value, i.e. ——=-—5= if D,=0 .
Wi Wiy

(2) Inequality in the second period increases from the first period if the labor proportion in the

— —D
W *

second period more than its critical value, i.e. _H 2> _Ft')’l if @, >0 .
Wi Wiy

(3) Inequality in the second period decreases from the first period if the labor proportion in the

. . - . V_VH 2 _HDl . *
second period less than its critical value, i.e. —— <—5= if D, <D .
Wi Wiy

The second case of above conclusion, for example, can be explained as follows. Since
GDP, EWL,ng +WH'2H§ = DNI, Central planner may increase wage of skilled and unskilled
labors in the second period through the expenditures which promote their efficiency. By this reason,
according to above equation, the number of skilled and unskilled labors plays the important roles as
the multiplier of the increasing wages. To maximize total pDNI of economy, central planner tends to

expend more on promoting efficiency of the larger group rather than the smaller group of labors in the
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second period because the expenditure will more effectively increase pDNI in the second period.
That is, when the labor proportion in the second period is high, the expenditure ratio tends to be high.

Since central planner's expenditure is the determinant of labor’s efficiency in the second period,
increasing in the expenditure ratio leads to increasing in the efficiency ratio, in the other word, skilled
biased technology progress. Given other things being equal, increasing in the efficiency ratio
increases the relative wage in the second period is from the first period, that is increasing of

inequality. The third case of above conclusion can be explained by the same intuition.
Change in the labor proportion and dynamic inequality

In the previous section, we have discussed dynamic inequality when there are no changes in
any exogeneous variables. This section will show how a change in the labor proportion affects
inequality. Remind that we have defined labor proportion as @, = HtS/L[S . This section will analyze
impact of a change in the labor proportion on dynamic inequality.

Note that any changes in the labor proportion mentioned in this section are the small
changes. In more specifying, the labor proportion after changing still lies in the range which satisfies

the condition in equation (29),
The labor proportion elasticity of the relative wage

Since elasticity is necessary for analyzing both direction and size of impact, we firstly
investigate by consider the value of it. The elasticity is defined as follow.

a(V_VH,t/V_VL,t>X D,
aq)t WH ,I/WL,I

1l
—
[
L

a)d),t

where @, , is the labor proportion elasticity of the relative wage in the t" period, t € {1, 2} .
Considering equation (48), the labor proportion elasticity of the relative wage in the first
period is
@y, =0 (60)
Surprisingly, equation (60) implies that relative disposable wage is not affected by a small
change in labor proportion. Therefore, in the first period, the number of labors has nothing to do with
inequality. This result aligns with the prediction in Factor Price Insensitivity Lemma (Feenstra, 2003).
Before finding impact of the change in labor proportion on relative wage in the second
period, consider equations (49), (50) and (51), the derivative of the relative wage with respective the

labor proportion in the second period is
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(51, /9) (/%) oA/ A) (G, G
a0, 0(Au/A) AG.G)

After calculating above equation, the labor proportion elasticity of the relative wage in the

(61)

second period is
0
1-6

Since 0< & <1, then @,,, > 0. Equation (62) means that, in the second period, a small

Wy > (62)

increase (decrease) of labor proportion leads to an increase (decrease) of relative wage. Unlike the
first period, the labor proportion elasticity of relative wage in the second period implies that a change
in the labor proportion affects the relative wage in the second period.

Above implication can be explained as follows. Comparing to the case of unchanged labor
proportion, if the labor proportion in the second period increases, central planner will expect such
change and sacrifice more budget for promoting efficiency of skilled labors. Therefore technology is
biased to skilled labors in the second period, i.e. the efficiency ratio increases. Increasing of the
efficiency ratio leads to increasing of the relative wage in the second, comparing to the case of

unchanged labor proportion.

Change in labor proportion and real wages

Since change in inequality can not be applied for welfare analysis, we must investigate that
how skilled and unskilled labor real wages change when the labor proportion change. Given relative
world price being equal, increasing (decreasing) of wages can be referred to increasing (decreasing)
of real wages. Therefore, we can know how a change in the labor proportion affects real wages by

considering the elasticity as follows.

oW, @
Epy =——x—1 (63)
‘ 8q)t WI )t

where 5&“ is the labor proportion elasticity of i" labor wage in the t" period, | e{H,L} and
te {1, 2} .
According to equations (17) and (18), the labor proportion elasticity of skilled and unskilled
labor wage in the first period are
Eq1=6g,=0 (64)
Equation (64) insists that, in the first period, a change in the labor proportion not only
disaffects relative wage between skilled and unskilled labors, but also skilled and unskilled wages.
For analyzing the impact in the second period, Consider equations (3), (4), (19), (20), (45)

and (44) and then
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aV_VH,z _ aV_VH,z a'E‘H,Z 8GH ast _ 8V_VHD,z a'E‘H,Z 8GH S
=—""x—"X < ¥ =—""xX—"X < X L (65)
ob, oA, 06G, oHi ov, oA, 0G, OH;
oW, oW, A, oG oH; oW, A, oG s
ob, oA, 0G, oHS om, oA, oG, oHS
2 2 L 2 2 2 L 2

After solving above equations, the labor proportion elasticity of skilled and unskilled labor

(66)

wage in the second period are

H 5
el =5—=2 67
2T 4 HS ©

HS
Eg,=—0——"2— 68
®:2 L +H; (68)

According to equations (67) and (68), ggyz >0 and gdez < 0. Equations (67) and (68) mean
that, if labor proportion in the second period increases (decreases), skilled labor wage will increase
(decrease) but unskilled labor wage will decrease (increase).

This conclusion about the effect on real wages can be explained by the same intuition about
the effect on the relative wage. Moreover, the volume of changes are determined by size of groups of
labors. Equations (67) and (68) imply that, when skilled labors are minority group, i.e. @, <0.5,
increasing (decreasing) rate of skilled labors wages is more than decreasing (increasing) rate of
unskilled labors wages when labor proportion increases (decreases), on the other hand, when skilled
labors are majority group, i.e. @, > 0.5, increasing (decreasing) rate of skilled labors wages is less
than decreasing (increasing) rate of unskilled labors wages when labor proportion increases
(decreases).

Diminishing of marginal effectiveness of central planner’'s expenditure is the explanation for
this phenomenon. For example, given initial expenditure ratio is high, if central planner transfers some
GH to GL, increasing rate of 'KL,Z will be more than decreasing rate of 'E‘H,Z because 0< o <1.

Finally, increasing rate of W,_, will be more than increasing rate of W, , .
Dynamic inequality under changing of the labor proportion

After integrating all implication in both previous and this section, the dynamic inequality under

changing of the labor proportion can be conclusion as follows.

When the labor proportion slightingly increase (decrease) from @, in the first period to @, in
the second period,
(1) if the labor proportion in the first period is more (less) than the critical value, inequality in

the second period will increase (decrease) from the first period more extremely than the
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case of unchanged labor proportion because, in the second period, skilled labors real
wage are higher (lower) and unskilled labors real wages are lower (higher) than their wages
in the case of unchanged labor proportion.

(2) if the labor proportion in the first period less (more) than the critical value

(2.1) if the labor proportion in the second period is still less (more) than the critical
value, inequality in the second period will still decrease (increase) from the first
period but decreasing (increasing) will be less extreme than the case of
unchanged labor proportion because, in the second period, skilled labors real
wage are lower (higher) and unskilled labors real wages are higher (lower) than
their wages in the case of unchanged labor proportion.

(2.2) if the labor proportion in the second period is more (than) than the critical value,
inequality in the second period will increase (decrease) from the first period
because, in the second period, skilled labors real wage are much lower (higher)
and unskilled labors real wages are much higher (lower) than their wages in the

case of unchanged labor proportion.

Change in the relative world price and dynamic inequality

We have already discussed dynamic inequality when there are no changes in any
exogeneous variables and when the labor proportion is changeable. Aligned with previous section,
this section will analyze impact of change in the relative world price, F’)\(Nt/l:i(wt on dynamic inequality.

Note that any changes in the relative world price mentioned in this section are the small
changes. In more specifying, the relative world price after changing still lies in the range which

satisfies equations (21) and (22).
The relative world price elasticity of the relative wage

Since Elasticity is necessary for analyzing both direction and size of impact, the elasticity is

defined as follow.

o, <P/ Bs) PR

YOo(RY/RY) W/,
where @, , is the relative world price elasticity of relative wage in the t™" period, t € {1, 2} .
To find impact of change in relative price on relative wage in the first period, we need to
differentiate equation (48) with respect to the relative world price in the first period. Substituting in

equation (69), the relative world price elasticity of relative wage in the first period is
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Wpy =~ o P (70)
o (ol P)\(A{l o P>\(A{1 o
Yx = | pw (1-%) Y ~(1=7)
Y1 Y1
After rearranging equation (70), we can conclude that
@, <-1 (71)

Equation (71) means that, in the first period, the relative wage increases (decreases) more
rapidly than small decreasing (increasing) of the relative world prices. This also implies that when the
relative world price increases (decreases), skilled labors wages increase (decrease) by more than
the price of good X, while unskilled labors wage decreases (increases) by more than the price of
good Y. Therefore, this implication from the model is identical to the Stolper-Samuelson theorem. The
proof for this is in next sub-section.

The mechanism of the change in relative wage in the first period is the same as explanation in
Stolper-Samuelson theorem. Increasing of relative world price increases demand of goods X and
decreases demand for goods Y. According to equations (25) and (26), economy produces more
goods X but less goods Y when relative world price increases. Since goods X is unskilled labor
intensive while goods Y is skilled labor intensive, producers need more unskilled labors but less
skilled labors. Therefore relative inverse conditional demand for labor in the first period decreases
and, finally, relative wage in the first period decreases in consequence. The case of decreasing
relative world price can be explained by the same intuition.

To find the impact in the second period, consider equations (49), (50) and (51), the derivative
of the relative wage with respective the relative world price in the second period is

d(W,,/W,) 0(W,,/W,)O(Aa/AL) 8(G/G) oW,/ W)
d(RY/RY)  0(Aw/As) A(Gi/G) a(RL/RY) o(RY/RY)

After solving above equation and substituting in equation (69), the relative world price

(72)

elasticity of relative wage in the second period is

PW l-o
=) =) 75][ PXVfJ
Y,2

-1
= 73
C()P’Z 1_5 W 1-o PW l-o ( )
(1_7/ )0 x,2} _(1_7 )0 7/5_7/0( x,zJ
! ( R " o PYW2
P P
According to 0 <6 <1, given—==—=, we can conclude that

R: R

Wppy <Wpy <-1 (74)
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Equation (74) means that, if the relative world price increases (decreases) by the same small
percentage, the relative wage in the second period will decreases (increases) more rapidly than the
relative wage in the first period. This implies two things. First, Stolper-Samuelson theorem is still held
in the second period of the model. In addition, a change in the relative world price affects the relative
wage more extremely in the second period when technology is changeable.

For explanation, in the first period when the technology level is fixed, mechanism of impact on
relative wage can be explained by the mechanism in Stolper-Samuelson theorem which has been
already explained.

But, in the second period when there is technology progress, Stolper-Samuelson’s
mechanism is reinforced through skilled-biased technological progress. Increasing of the relative
world price could be previously expected by central planner in the first period. Remind that
GDF’tO = p\Q’ >?f’ + pYWY_tP . To increase output of X in the second period for maximizing pDNI, central
planner expends more on promoting efficiency of unskilled labors in the first period, then technology
is biased to unskilled labors in consequence. Unskilled biased technology finally makes the relative
wage decrease. Since impact from Stolper-Samuelson’s mechanism and impact skilled biased
technological progress have the same direction, the relative world price affects relative wage in the
second period more extremely than the first period, when technology is fixed and Stolper-

Samuelson’s mechanism works alone.
Change in the relative world price and real wages

To know how change in the relative world price affects real wages, we must sure that the
change in nominal wages are more than the change in relative world price. Let us start with the case
of the first period. Since equilibrium wages are determined by zero-profit conditions alone, we find the

total differential of zero-profit conditions in the first period. According to equation (11),
1

opt, = Art () ) A () T

Rearranging above equation, then yield

wo[ M =M
w o AP N o no(m \=6 AW
(Px ,1) pW = xAa (WL,l) .y +(1_7x ) AL ( H,l) ry (75)
X1 | W4 W 1
Do the same pattern with equation (12) and yield
W[ M M
w\o dPY,l o po-1f{M \8 dWL,l o podfM Y8 aw,, 1
(R(l) pW =1 A ( ,1) =y +(1_7/Y) A—!l( H,l) -y (76)
vi | Wi Wiy

Solving equations (75) and (76) simultaneously, finally we yield
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o l-o
dwly _ dPy, (L-74 )" (RY) ( dry, dele] -
—M W - o - o W W
Wis P1 (1— 7y ) (P;NYI) - (1— Vx ) (Pvall) Pii R
oW, dRY y (P) dpY, P
=M T pW | \lo o (W \O pw - pwW (78)
Wy, R 7/X(PY,1) - (nyl) X1 Y1

dPs dR’

W W
PX 1 PY 1

According to equations (21) and (22), the coefficients of ( J in equations (77)

and (78) are positive. An increase of relative world price is mathematical expressed as

op, _aR,
I

dr, _ dR;

or W W >0, while a decrease of relative world price is mathematical expressed as
I:)X,l I:%(,1
dR’, dRY dP!, dR"
oW < o ST <0.
X1 Y.l X1 Y1

Therefore, we can conclude from equations (77) and (78) that, when relative world price in

dr’, dR/

the first period increases, i.e. — W 0,
P 1 Rr,1
M W " —M
dWL,l d PX 1 dR( 1 dWH 1
= W W —M (79)
WL 1 I:)X 1 I:)Y 1 WH 1
dr’, dR/
And when relative world price in the first period decreases, i.e. —;=——;~ < 0,
P 1 R(,l
dw', drRY, drRY dw)
L1 X1 < Y1 H,1 (80)

WP RL W

Above conclusion implies that Stolper-Samuelson theorem is held in the first period of the
model. For the second period, since the range of relative world price elasticity in the second period is
Op 5 < Wpy < —1, we can claim that equation (79) and (80) are also true for the case of the second
period. Finally, we can conclude the effect of a change in the relative world price on real wages that,
when the relative world price in the first and the second period increases (decreases) by the same
small percentage, skilled labors real wages will decrease (increase) and unskilled labors real wages
will increase (decrease). Moreover, increasing or decreasing of real wages in the second period are

more extreme than the first period.
Dynamic inequality under changing of the relative world price

After integrating all of conclusion from this and previous sections, the dynamic inequality

under changing of the relative world price can be conclusion as follows.
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(1) When the relative world price in the first period slightly decreases (increases), inequality the

first period increases (decreases) but inequality in the second period is the same as the

case of unchanged relative world price.

(2) When the relative world price in the second period slightly decreases (increases),

(2.1)

Implication 1

Explanation

Implication 2

Explanation

if the labor proportion in the second period is more (less) than the critical value,
inequality in the second period will increase (decrease) from the first period more
extremely than the case of unchanged relative world price because, in the second
period, skilled labors real wage are higher (lower) and unskilled labors real wages
are lower (higher) than their wages in the case of unchanged relative world price.

if the labor proportion in the second period is less (more) than the critical value,
inequality in the second period will still decrease (increase) from the first period but
decreasing (increasing) will be less extreme than the case of unchanged relative
world price because, in the second period, skilled labors real wage are lower
(higher) and unskilled labors real wages are higher (lower) than their wages in the
case of unchanged relative world price. Moreover, if relative price decreases

(increases) much enough, inequality will increase (decrease).

Implication of changing in inequality

Without government as a technology promoter, inequality arises from skilled biased
technological change, i.e. increasing of the efficiency ratio, and increasing
(decreasing) of price of goods which is skilled(unskilled)-labor intensive.

An increase in the efficiency ratio endowment or a decrease in the relative world
price lead to an increase in the equilibrium relative wage, according to equations (48)
and (49). In addition, increasing of relative world price may comes from increasing of
price of goods X which is unskilled-labor intensive or decreasing of price of goods Y

which is skilled-labor intensive.

Given amount of labors and world prices being equal throughout two periods, under
actions of a pDNI maximizing government as a technology promoter , government is
“inequality creator” if labor proportion is more than critical value and is “inequality
reducer” if labor proportion is less than critical value.

The relative wage in the second period is higher than the first period if the labor
proportion in the second period is more than the critical value and is lower than the

first period if the labor proportion in the second period is less than the critical value.



Implication 3

Explanation

Implication 4

Explanation

Implication 5

Explanation

Implication 6
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Under actions of a pDNI maximizing government as a technology promoter, any
external factors which increases relative supply of labors in the second period can
decrease inequality in the second period from the first period.

Government policy which creates more unskilled labors in the second period can be
interpreted as “Inequality reduction Policy”. For example, assume that all immigrants
are accepted as citizen by local government. Immigrant permission policy in the
long-run will reduce inequality in the second period if there most of immigrants are
unskilled labors.

The labor proportion elasticity of the relative wage in the second period is always

positive.

Under actions of a pDNI maximizing government as a technology promoter, any
external shocks through swing in the relative world price lead to more extreme
fluctuation of the relative wage, comparing to the case of without government as a
technology promoter.

Since the absolute value of the labor proportion elasticity of the relative wage in the
second period is more than the first period, a change in the relative world price will

change the relative wage rather extremely than the case without central planner.

Both an Increase (decrease) in skilled (unskilled) labors and an increase (decrease)
of price of goods which is skilled(unskilled)-labor intensive in the second period will
retard government’s inequality reduction but reinforce government’'s inequality
creation.

Since, in the second period, the labor proportion elasticity is positive but the relative
world price elasticity is negative, a decrease in the relative world price or an increase
in the labor proportion in the second period leads to an increase in the relative wage
in the second period, comparing to the case of unchanged exogeneous variables.

Integrating these results with conclusion 2, it is the case in conclusion 5.

Under actions of a pDNI maximizing government as a technology promoter, any
external factors which decrease (increase) of price of goods which is
skilled(unskilled)-labor intensive will reduce inequality, while any external factors
which increase (decrease) of price of goods which is skilled(unskilled)-labor

intensive will create inequality.
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® For example, if the government decreases (increases) import tariff rate on
skilled(unskilled)-labor intensive goods, inequality will be reduced. If the government
acts oppositely, inequality will be created.
® if government decreases (increases) commercial tax rate on skilled(unskilled)-labor
intensive goods, inequality will be reduced. If government acts oppositely, inequality
will be created.
Explanation Since the relative world price elasticity of the relative wage in the second period is
negative, an increase in the relative world price will decrease the relative wage,

comparing to the case of unchanged relative world price.

Summary

This study arises from the hypothesis that chronic wage gap between skilled and unskilled
labors may come from skilled-biased technological progress. Unlike many studies which consider
skilled-biased technological progress as exogeneous variable, this study points that government
policy, a change in skilled to unskilled labors proportion and a change in relative world price may be
principals of this phenomenon.

Following some theoretical studies, inequality in this study refers to the relative wage which is
skilled to unskilled labors wages ratio. There is perfect equality when the relative wage is equal to one.
This study assumes that the initial relative wage is more than one. Therefore, an increase of inequality
refers to an increase of the relative wage while a decrease of inequality refers to a decrease of the
relative wage.

Many studies point that inequality in each country has risen for an interval of time. There is an
argument among economists for the causes of inequality which is called trade-and-wage debate;
some believe that skilled-biased technological change is the major cause while the others claim that
international trade has an account. For disaggregating the efficiency of skilled and unskilled labors

This study constructs the international traded-model which includes the role of government in
technological promotion. There is technological progress by the central planner who promotes
efficiency of skilled and unskilled labor. The economy in this model is set up to last for two periods.

The model in this study includes three main sides: the production side, the consumer side
and the central planner side. The production side includes zero-profit and full employment conditions
and vyields equilibrium the equilibrium skilled and unskilled labors wages and the equilibrium
productions of outputs. The consumer side yields the equilibrium consumptions of outputs which are
derived from utility maximizing problem. For the central planner side, this study sets up the per Capita

disposable national income (pDNI) maximizing central planner who imposts taxation and expenses to
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promote efficiency of skilled and unskilled labors in the first period. Therefore, the central planner side
yield the optimal tax rate and expenditure for promoting efficiency of skilled and unskilled labors. The
model in this study is shown that its trade pattern aligns with the prediction in the Hecksher-Ohlin
model.

For explaining the mechanism of the change in the relative wage in the first period, the
relative supply for labor and the relative inverse conditional demand for labor in the first period are
derived. For the second period, the equilibrium relative wages are on the long-run equilibrium
expansion path which is constructed from the movement of equilibrium points when the relative
supply in the second period changes.

While the change in inequality in the first period directly comes from exogeneous variables,
the change in inequality in the second period can be explained by “3 links of chain reaction”: change
in expenditure ratio, change in efficiency ratio and change in relative inverse conditional demand.

This study explains three causes of inequality as follows. The first cause of inequality is the
central planner’'s expenditure. Given amount of labors and world prices being equal throughout two
periods, under actions of national income maximizing government as technology promoter,
government increases inequality if labor proportion is more than critical value but decreases
inequality if labor proportion is less than critical value.

The second cause is the increasing of skilled to unskilled labor proportion in the second
period. While a small change in labor proportion does not affect any wages in the first period, it
increases skilled labors real wages and decreases unskilled labors real wages in the second period,
comparing to the case of unchanged labor proportion.

The third cause is the decreasing of relative world price. The result from this study aligns with
the prediction in the Stolper-Samuelson theorem; When the relative world price in the first and the
second period increases (decreases) by the same small percentage, skilled labors real wages will
decrease (increase) and unskilled labors real wages will increase (decrease). Moreover, the
magnitude of increasing or decreasing of real wages in the second period is more extreme than the
first period.

Integrating all of these conclusions, an increase (a decrease) of skilled (unskilled) labors and
an increase (a decrease) of price of goods which is skilled(unskilled)-labor intensive in the second
period will retard government'’s inequality reduction if the labor proportion is more than critical value,

but reinforce government’s inequality creation if the labor proportion is more than critical value.
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