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Abstract

This paper analyses the theoretical possibility about the role played by ex-
tensive margins for wage inequality in the nation. Supposing that the creation
of new varieties is more skill intensive relative to the creation of intensive mar-
gins (already existing goods), the model naturally predicts the wage divergence
between two working classes, skilled and unskilled. In addition allowing the
two-country dynamic stochastic general equilibrium structure, the relationship
between trade and inequality is analyzed. It is shown that intra-industry variety
trade along the logic of home market effect would account for the inequality.

1 Introduction

A rising inequality is at the center of political debate today for industrialized
countries. The economists have extensively discussed as a motif of rising inequal-
ity 1) Stolper-Samuleson mechanism, 2) different pace of productivity growth
among factors and and 3) different factor supply. Here I add the role played
by extensive margin in the above list. The expansion of trade flow is mainly
driven by extensive margins (Mayer and Ottaviaono (2008)). The creation of
new varieties is supposed to need more skill intensive workers relative to the
production of already existing goods (intensive margins). Variety creation and
expansion of trade in terms of extensive relative to intensive margins means
immediately a higher demand for the labor service which is used intensively in
the variety creation activity.

In this paper there are two working classes, skilled and unskilled. The model
is inspired by Ghironi and Melitz (2005) so as them he has the feature of two-
country full dynamic stochastic general equilibrium model. Traditionally in the
international trade theory we have the HOS model to address this question of
inequality An increased occasion of trade, by changing the relative price among
sectors, creates the inequality of reward among the factors needed for but with
different intensity by the sectors. (Stolper-Samuelson theorem). Indeed the
model presented in this paper may be considered as "one" sector model (but
with multiple varieties in it) in contrast to HOS model which contains multiple
sectors and give the Stolper-Samuelson effect As it is well known allowing the
multiple sectors and its sector specific product, the remuneration of factors



which are used with different intensity is strongly connected to the relative price
among these sector specific products (hence the relative demand for them). This
statement is the so called "factor price equalization theorem" which is the base
of the Stolper-Samuelson. Here the model is considered to have only one sector
but with multiple varieties (hence it is considered one representative average
product is traded). In particular there are "two activities": creation of intensive
and extensive margins in which they use different factor intensity. So the motif
of the difference of factor remuneration is driven by the degree of extensive
margins induced by Home market effect mechanism.

However the Stolper-Samuelson force is eliminated from the construction
these two points of view are complementary As inter-industrial trade would be-
come a source of inequality the intra-industrial trade would do also. Because
of the DSGE feature of the model it is relatively easy to see, (numerically) the
prediction about macroeconomic variables including wage rates after such as
productivity growth, endowment supply, deregulation policy and trade liberal-
ization.

(more complete literature review to be added)

The structure of the paper is as follows: in the next section I present the
model. Here the key concept is the different factor intensity between intensive
and extensive margin creation. In section 3 the principle mechanism which
creates the wage rates divergence between two working classes is highlighted In
section 4 the model is calibrated and the IRF is given for the economy wide
TFP increase. In the end a brief conclusion is given.

2 The model

There are two countries, Home and Foreign, two factors of production, skilled
and unskilled labor and one industry but two activities, creation in terms of
intensive and extensive margin. As it will be precise it is supposed that the
creation of extensive margin is skill intensive. Only skilled household have a
chance to smooth the consumption by bond or share holding. There is no
international trade of financial asset so the trade is balanced.

2.1 Households

There are two types of household who provide one unit of skilled or unskilled
labor exogenously The number of each household providing skilled or unskilled
is exogenously given, Ls; and L,s;. For the type j = s, us of representative
household she maximizes:

Sy
Uj = EZﬁ : (1)
t=0

where C}. ¢ is the consumption at t of skilled and unskilled household respec-
tively. This is defined as follows:
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where j = s, us. Cj; is the total demand. C; p, and Cj . are the demand
of Home produced and that of Foreign produced goods (import). ¢; (h) and
¢;t (f) are the demand for individual variety indexed by h for home originated
and f for Foreign originated. The corresponding price indices are:
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The similar expression holds for Foreign.

2.1.1 Budget constraint

Only skilled households have a chance to save with bond or share holding. The
financial assets are only domestically hold. The budget constraint of skilled
household (in unit of home consumption goods) is given by:

Cst+Bir1+5ht+1%ht (Nt + Ngt) = (1 4+ 1¢) Betws i +5p.e Nt (Tht + dpt) (6)

where By, is real bond, s, ¢41 is the share holding into t+1, xzj; is the real
share price of Home originated firm. They finance all existing firm at t Ny and
new entrants Ng ;. As it is discussed later the death shock takes place at the
very end of the period after holding decision. r; is the real interest rate. wg; is
the real wage of skilled worker. dj, ; is the dividend of Home originated firm.

The unskilled household consume just what they earn. That of unskilled is
given by:

Cu&t = Wys.t (7)



2.1.2 The first order conditions

The optimal consumption of Home produced and Foreign produced goods is
given by:

I A Ppy\ Y
Cinat= ( 2 ) Cjt, Cire = (Pt) Cjt (8)
and using symmetry among varieties, that of individual firms are:
Cjht = (;;) Ci.m.t Cjft = <I€21> Cire 9)

In addition for skilled household, the Euler bond holds:
Cof = BE (1 +7141) Oy 1y (10)

and the Euler share holds:

C, -
zhe =P (1—-0)E; (Otﬂ> (@ht41 + dnt41) (11)
s.t

For notational convenience I use the following definition of relative prices.
(counted in terms of Home and Foreign goods)
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2.2 Firms
2.2.1 The creation of intensive margins

Firms are monopolistically competitive. Once entered in the market after paying
a fixed cost (we will discuss this point later) for the production of goods, they
need to hire the effective labor unit which is composed of skilled and unskilled
labor. I suppose that the total cost function is given by:

¢ =<
Wwe ;W
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where ¢ (1 —() is the weight of skilled (unskilled) labor which range 0 < ¢ <
1. Applying Hoteling’s lemma, the factor demand of skilled and unskilled labor
in the intensive margins are:
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Dividends are given by:

wctwl_f
dh.t =\ Pht— = > e Yh.t (14)
t

where

Yht = Ls.tcsh‘t + Lus.tcush.t + (1 + Tt) (Lz.tczh.t + LZs.thsh.t) (15)

T¢ is the iceberg type transportation cost. Knowing the demands firms freely
choose the optimal price in each period as the consequence of maximization of
current dividends. This gives standard pricing: marginal cost over markup:

o ws fwl_f
Ph.t o_1 % (16)
Note because of the iceberg type transportation cost:, the exporting price
p; , (in Foreign consumption unit) is given by pj , = Q; ' (14 7¢) p;,- Using
these optimal pricing and demands functions the dividends can be expressed as:

o—w

1—w e
dps = i (1) Ch + 6,05 (17)

o N,
where ¢, = (14 7,)' ™. This is very intuitive expression. An increase of
real price decrease (increase) the real dividends under w > 1 (w < 1). This
is because with the symmetry among firms from same origin what is crucial
for dividend is the elasticity of substitution between Home and Foreign goods.
Under higher elasticity they can attract more demand with a lower price. Note
that because all variables are "real", an increase of total number of varieties
competing in Home increases the real price p;, , However which countries’ variety
increases is also important. Because the Home firms compete more closely with
Home originated firms than Foreign (remember ¢ > w), an increase of Home
number of firms induces an additional competing effect. This effect is captured

o—w

in (N%> 77" . Other terms in the expression is standard.

2.2.2 The creation of extensive margins

Firms need to pay the entry cost to enter in the market in terms of effective
labor. The total cost used for one firm establishment (extensive margin) is given
by:

wn wl—'r/
TCtEM = ws,tlfiw + wus'tlﬂ% = L ust fp, (18)
ZE.t
where fg is the number of effective labor needed which supposed to be exoge-

nous. 7 (1 —n) is the weight of skilled (unskilled) labor which range 0 < 7 < 1.



For the same token the factor demand of skilled and unskilled labor in the
extensive margin are:

1—
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2.2.3 Factor intensity

The activity of the creation of extensive margin is supposed to use more skilled
labor intensive technology relative to that of intensive margins. Defining the
each labor demand for one unit of each margin as ay ; where k = IM, EM and
j = s,us, this means:

a a
EM.s N IM.s (20)
AGEM.us A1 M.us
Using the factor demand function this relationship immediately means:

n>¢ (21)
As we will see later this is a crucial hypothesis. This allows to diverge the wage
between skilled and unskilled in function of new entry.
2.2.4 The motion of the firms
The motion of the firms is identical to Ghironi and Melitz (2005):

Ny =(1—-9)(Ne—1+ Ngi—1) (22)

Firms don’t produce immediately after entry. They need one period of time-
to build and they start their production from the next. Beside the mechanism
by free entry which determines the new entry (or new exit) hence the number
of the firms, there exists a natural mortality rate of firms embodied in the
ecnomomy. This is the analogy of the capital depreciation of the standard RBC
serving principally to bring back the economy to the steady state.

2.3 Aggregate accounting, labor market clearings and bal-
anced trade

Noting fOL‘” B; =0and fOL‘” xn.t = 1, the aggregation of the budget constraint
of both among skilled and unskilled we have:

Ls.tCs.t + NE.t-Th.t - LSAtws.t + Ntdh.ta Lus.tCuSAt - Lus.twus.t (23)

The total aggregation gives Home’s aggregated identity:

Cy+ Ng.xpe = we + Nedp g (24)



where Cy = LsCs¢ + LystCust and wy = Lgwgy + Lys.twys.t- This says the
aggregated consumption plus investment must equal to aggregated labor income
plus dividends.

The labor market clearing conditions of both type of labor are given by:

Loy = N3 + Npal 2, Luyst = NI, + Np 2 (25)
Note that the scale of production of each firm can be expressed as:
d d
o= B = (1) Ty 2
Ph.t Wg tWys.t

Plugging the factor demands () and () and using the free entry and above
expression of individual intensive margin, the labor market clearing conditions
become:

Nid N Nyd
L., = C(U . 1) t@h.t 1 E.t-’IJh.t7 Lues = (1 - O (U _ 1) 1Velh.t
Ws.t Ws.t Wys.t
(27)
The similar expressions hold for Foreign.
Finally the trade is supposed to be balanced.
1-w
waflpfll;thlfa Ct* _ *1 wN 1 UCt (28)
2.4 Summery
The system is resumed in the following table:
Table 1 The summery of the system
Pricing:
ph't_a—lizt ) pf't_a—l Z;
(Exported price is mill pricing.
Pht= Qt_l (L+7¢) Prss Prt = Qt (14 7¢) P}.t (30)
)
Price Indices (which are numeraire and redundant)
1—w
1:Nt1 Upht +¢tN10Q1w*1UJ (31)
1_Nla*1w_"_¢tNlaQw1 (32)

Dividends:
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The motion of the firms:

Ny =(1-06)(Nt—1+ Ng.i-1) (36)

Ny =(1=0) (N1 + Ny (37)
Euler bonds (for skilled and unskilled)

Cof =BE; (1 +71141) Co iy (38)
Co =BE (1+774) Cith (39)
Euler shares:
Cs.t+1 7

e =PB(1—-0)E; ., (Tht+1 + dhts1) (40)

s.t

* C(;<.t+1 - * *
s.t

Aggregated budget constraints for both type of households:

Ls.tCs.t + NE.txh.t = Ls.tws.t + Ntdh.t7 Lus.tcus.t = Lus.twus.t (42)
Ct = Ls.tCs‘t + Lus‘tous.t and Wy = Ls‘tws.t + Lus.twus‘t (43)
L, Co+ Ng.tm}.t =L w5, + Nt*d}.tv L5 1Crst = Lis sy (44)
Cy =L, 05y + Ly, Crgy and wy = L3 wg, + Ly ywy gy (45)

Labor market clearing:
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(47)
Trade balance:
2u—1 1 = 1 =
Qi P Ny TG =phy YN TG (48)

3 Entry, relative wage and welfare transmission
between skilled and unskilled

The most important feature of the model is the new entry which requires skill
intensive effective labor. This means that the new entry account for the wage
divergence between skilled and unskilled. The mechanism is hightlighted in the
following equations. Log-linearlising Home labor market clearing conditions for
two types of labor and using that of free entry condition, I can write:

[C(1=C) (0 —=1)Sp+n(1—n)S](Wst — Wus.t)
=mn—-¢)Sr (ﬁE.t + foi— EE.t) +CSw, Lust — (1= ¢) Sw. Loy (49)

Given 1 > ¢ and other things equals, new entry increases the wage of skilled
relatively. This is because the new entry requires relatively more skilled labor
service than unskilled. However wage divergence decreases, other things equals,
when a decrease of firm setting up cost (by deregulation, an decrease of fg
or a TFP shock, an increase of zg ;) occuers This is because if J\ATE_t =0,
hence 7, ; = 0 to newly satisfy the free entry condition the remuneration of
the unskilled workers should go up more proportionally than skilled. These
mechanism disappears when 77 = ¢ meaning that the two wage rates moves in
the same way as if only one factor of production exists in the economy. Note
also the relative factor supply affects the relative wage between two working
classes. For example a higher number of unskilled workers L, increases the
wage gap.

New entry accounts for the wage inequality (precisely real wage meaning
including welfare consistent variety effect). However this doesn’t automatically
mean welfare divergence between skilled and unskilled. There is a sort of wel-
fare transmission from skilled to unskilled by investment. As we have seen the
unskilled doesn’t have any chance to "smooth" their consumption (no saving).



They eat exactly what they earn. Only the skilled does postpone their con-
sumption by bond or investment. However the gain from this investment is not
only limited for skilled households. The expansion of newly available variety as
a consequence of investment by rich is for every one. So being obliged to eat
just what they earn, the consumption basket of unskilled household expands
with new varieties improving their welfare.

4 Calibration

The parameters are calibrated as follows:

Table

parameters
~v  elasticity of the consumption marginal utility 2
I3 discount factor  0.99
o elasticity of substitution among varieties 3.8
w Armingthon elasticity 2
T transportation cost 0.3
) death shock 0.025
0] (calculated value)  0.77
¢ weight of skilled in intensive margins sector 0.5
n weight of skilled in extensive margins sector 0.9

The large part of the parameters in the above table is taken from the liter-
ature. Relatively small elasticity of substitution among varieties (so relatively
high markup) is justified by the fact that firms should pay sunk entry cost before
producing (GM). What I need to be precise is the last two parameters, ¢ and 7.
They should be estimated based on same empirical relationship. However here
I choose them arbitrary leaving this task for the future version of the paper.
With above parameters the steady state aggregated wage and consumption of
two working classes relative to the aggregate consumption becomes as follows
(see the appendix for calculation):

Sw. = 0.54 | Sy.. = 0.39
Scs = 0.61 | Scus = 0.39

With these values I make a IRF exercise in the next section.

4.1 Economy wide TFP increase

To see the functioning of the model here I discuss the case of economy wide pro-
ductivity increase (a simultaneous 1 % TFP increase of intensive and extensive
margin creation, z; and zg; so as if there is only one aggregated productivity in
the economy) and see how majors variables moves. The autocorrelation of the
shock is set to 0.9. Because my focus is on the inequality and trade expansion
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due to extensive margin, I present only the concerning variables here. All the
other variables’ IRF are found in Appendix including Foreign. All variables are
counted by consumption goods, hence welfare consistent variables.
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(50)

The effect of such economy wide productivity gains appears on impact as
an investment boom, an increased number of new entrants at Home. Precisely
new entry takes place to newly pins down the free entry conditions shaken by
the shock at each point of the time. This rising number of Home located firms
induced by an increased economic size (here by productivity gains), which is
well known in international economics as Home market effect, appears also in
general equilibrium in terms of wage appreciation for Home (a higher aggregated
income W; relative to Foreign)®.

This wage increase, however, is not equal between two working classes. As
we have seen in the previous section new entry becomes the source of inequality

! The degree of new entry depends on the financial structure as pointed out in CMP(2007).
Intuitevely more the skilled houshold have a chance to make a risk sharing by internatinally
traded assets, more investment (new entry) would take place in the country which has had
the productivity gains.
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of earning. Skilled workers are better off transitory in terms of income. However
this is not the whole of the story. Skilled workers do invest one part of their
income reflecting their consumption smoothing motivation (a hump-shaped pass
of skilled workers’ consumption observed as in the standard RBC model with
capital accumulation). So unskilled workers realize transitory a higher con-
sumption variation relative to skilled. In addition the realized gains from this
investment (realized new entrants) are also consumed by unskilled workers.

At the same time, the volume of trade expands reflecting this increased size of
Home economy. Remembering that in this benchmark case the trade is balanced,
the Home export increase is mainly driven by the increased number of Home
variety as we can see in the graphic. For adjustment intensive margins shrinks
in the export. For import, Home import more Foreign varieties transitory but
she imports relatively a lot in terms of intensive margin to realize a balanced
trade. To be honest this excessive increase of extensive margin in Home export
is on the one hand due to the fact that all varieties are immediately "tradables"
contrast to GM where there exists selection process to export. However on the
other hand this reflects the facts of love for variety of Foreigners.

At the end I would like to discuss about the (welfare consistent) real exchange
rate variation to deeply understand the functioning of the model. From the price
index, the log-deviation of the real exchange rate is expressed as:

PN 1—¢ — 1-— 1 ~ o
0, = fﬁTOTt + ﬁa — (M- &) (51)
The terms of trade depreciation (a decrease of T/O\Tt) works to appreciate
the real exchange rate because of Home bias in the consumption (here expressed
with trade cost). In addition to this standard term, a larger variation of Home
originated variety relative to Foreign works to depreciates it (also this is true
only in the presence of Home biased consumption). The last graphic represents
the real exchange variation and its components as above expression. The terms
of trade depreciates on impact reflecting the strong productivity increase relative
to the wage appreciation in the marginal cost of intensive margins This "terms
of labor depreciation (GM)" is reversed across the time because a strong wage
appreciation effect starting to appear due to entry. However the variety effect
is always relatively strong and the welfare based real exchange rate depreciates
until he goes back to the initial steady state level (no reversal in the dynamic).

5 Conclusion

(To be completed)
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A Symmetric steady state ratio

All symmetric steady state ratios (which are expressed without time and country
index) are defined relative to total consumption:

Nd 1

Also from labor market clearing

LSwS Luswus
Sw = Sw,+ Sw,. = c + C (55)

= [le=1)Sp+nSi]+[(1-¢) (e =1)Sp+ (1 —n)Si] (56)

From aggregated identity:

LSCS LUSC’LLS
L= 5cs+ Scus =~ + 7 (57)

from aggregated identity among unskilled:

L’LLSCUS _ LuSqu

s 2 (1 () (0= 1) Sp + (1 - 1) Sy (58)
then the part of steady state consumption by skilled is given by:
LSCS
Scs = C =1-(1-Q(—-1)Sp+(1—n)S; (59)

At the end, noting p, = P} (pf = p},) because of the transportation cost,

pl_w - pl_w ( 1 > o-1 1 1 1
H — Fh AT = T—w T—w
N 1+(PF) 1+ (N*”ll(l"t‘T)p;) 1+¢

1
No—-1 Ph

. AR 1 é
1—w 1—w
PF = pf (N*) = 1-w = 1 (61)
+
(PH> 1 ¢

at the symmetric steady state we have py = pj and pp = pj
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B Log-linearised system

From the symmetric steady state

Pricing:

Pt = Qs + (1 = C) Wus.t — 2t Pre=Cwi + (1 —=Q ., — % (62)

Price Index (which are numeraire and redundant)

0= 5o [(1—W)P}L.t— 0_1Nt]+1+¢ |:¢t+(1_w)Qt+(1_w)pf.t_o__1 t:|
(63)
1 o 1—w o ¢ ~ ~ R 1—w~
0= 1 [a- 7 - TR e B - -0 @ - - T2
(64)
Dividends:
- omwe 1l a6 o b6 s b
dp: = (1— — N, C ——C} (65
ht = (L= )P = Sy Nk g Gk g b gk 5 O (69)
A o owe. Lo 4o s G
= (1— — N Cr — C; (66
dyy=(1—w)pyp, p— t+1+¢ t+1+¢¢t 1+¢th+1+¢ + (66)
Free entry:
Bhe = NBss+(1 =) Bus.i+fo.0—Zm.0, B =m0, +(1— 1) B+ Fo— 2
(67)
The motion of the firms
Ny=(1-08)Ny—1+6Ng.e1 (68)
Nt* = (1 - 5) Nt*fl +5Ng.t71 (69)
Euler bonds
’YEtae.tH = 75“ + g1 (70)
’YEta:.tJrl = 'Yas*.t +ﬁ+1 (71)

Euler shares:
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Y (BiCotin = Cot) = B(1=0) Biinr = Bna + 1= B(1 = 0)) Eudpara (72)

Y (BiCirs =€) = B = 8) By iy = 85, + 1= B(1 = )] By iy (73)

Aggregated budget constraints for both type of households:

Sc, (Es.t + 65.75) +5; (NE t+Zn, t) = Sw, (A ++ @s.t) +Sp (J\Aft + C/i\h.t) ;

Sc.. ( us.t + Cus t) Sw.. (Zus.t + {U\us.t) (74)

Ct Sc, ( st T+ C )+SC ( us.t T Cus t) and Wy = Sy, (Es.t + @s.t) +Sw,. (Lus.t + '&}\us.t>
(75)

Se. (Lio+Cry) + 81 (N + 770 ) = Sw, (L2, +85,) +5p (N th),

+
Sc.,. (ust+cust)_ ( @ )

~

Cr =S, (Liu+Cry)+50u, (Liwe + Cinr) and @ = Sw, (Ly + 5, ) +Sw., (Dt + @)
(77)
Labor market clearing:

Sw, (Es.t + @s.t) =((c—-1)Sp (Nt + Jh.t) +nSr (NE.t + fh.f,) ;

SW. (Lus.t + @us.t) =(1-¢(—-1)Sp (Nt + C/l\h.t)‘i‘(l —n)Sr (]/\\[Et + fh.t)
(78)

Sw. (L +8%,) =Co=1)Sp (N7 +dj.) + 051 (Npy +77,)
W (D + W) = (1= Q) (0= 1) Sp (N7 + 5, ) +(1 =) St (N + 77
(79)

Trade balance

1-— 1—w . ~
(2w — 1)Qt+(1 W)PhtJFl Nt+0*(1 W)Pff 1_ UNt+Ct (80)
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C Dividend

Using the optimal price, the dividend can be written as:

diy = @yi.t (81)
g

where ¢ = h, f and I = H, F. Noting that the production is determined by
the demand from each country,

Pi.t

diy = "2 (i 7 p7 7 Co+ (L+74) piy 7035 < CF] (82)

Finally using the definition of relative price and mill pricing condition, it
becomes ().

D Balanced trade condition

It must be with balanced trade,

IMP, = XP, (83)
where
IMP; = py ¢y Nicpy and X Py = Qupy, 16 Nicy, 4 (84)
wsing e = (52) 7 (551) T Co=ppiaftCoandey, = (H) T (H) o

on Py “CF, it becomes ().

E Empirically consistent variable

All the variables counted in terms of CES consumption goods are not empiri-
cally consistent because it includes variety effect. For any such variable X; the
empirically consistent variable is given by the following formura:

P X, (85)
Py

where ﬁt is the average price properly weighted. So the log-deviation of
above variable is found as follows:

PX,\ o =~ =
( 2t>=Xt+Pt—Pt (86)

Py

also
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P = ﬁﬁHt + 1f¢13Ft (87)
and R L R L
Py = ENt + Dh.t Pry = EN*:& + Dy (88)
So I can write:
ﬁt:ﬁt_oil<lﬁl—¢ﬁt+lf¢ﬁ\*t> (89)

where P; = ﬁﬁh_t + %ﬁ 1.t (Average price variation is the weighted vari-
ation of home and foreign produced goods at Home).

Finally
ﬁt S 1 1 ~ ¢
— | =Xy ——— | —— Ny + ——N* 90
(%) =% s (e T (90)
This says that to construct empirically consistent value the variety effect

weighted by the elasticity about love for variety and by its steady state con-
sumption shares should be eliminated.
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F IRF of economy wide productivity growth
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