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SPECIFIC FACTORS MODEL
A1l. Factor prices

This section closely follows Jones (1975), but deviates from that paper’s result
by allowing the amount of labor available to the regional economy to vary. Con-
sider a particular region, r, suppressing that subscript on all terms. Industries
are indexed by ¢ = 1...N. L is the total amount of labor and 7; is the amount of
industry ¢-specific factor available in the region. ay; and ap; are the respective
quantities of labor and specific factor used in producing one unit of industry ¢
output. Letting Y; be the output in each industry, the factor market clearing
conditions are

(Al) a/Ti}/i = T‘Z VZ:

(A2) S ¥ = L

i

Under perfect competition, the output price equals the factor payments, where w
is the wage and R; is the specific factor price.

(AB) ar;w~+ ar; R = P Vi

Let hats represent proportional changes, and consider the effect of price changes
P;. 0; is the cost share of the specific factor in industry 1.

(A4) (1 —6;)w+ 0;R; = P; Vi,

which follows from the envelope theorem result that unit cost minimization implies
(A5) (1 - 6:)ag; + Oiari =0 Yi.

Differentiate (A1), keeping in mind that T; is fixed in all industries.

(A6) Y; = —ari Vi

Similarly, differentiate (A2), let \; = % be the fraction of regional labor utilized
in industry 4, and substitute in (A6) to yield

(A7) > il — ér) = L.
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By the definition of the elasticity of substitution between T; and L; in production,
(A8) ari — api = oy(w — R;) Vi

Substituting this into (A7) yields

A

(A9) > Xioi(Ri — ) = L.

Equations (A4) and (A9) can be written in matrix form as follows.

6, 0 ... 0 1-6 ([R] [£B]
0 6 ... 0 1— 6, Ry Py
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Rewrite this expression as follows for convenience of notation.

(A11) [g—fim}{g]:[i}

Solve for w using Cramer’s rule and the rule for the determinant of partitioned
matrices.

L-Ne'p
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(A12) W=

Note that the inverse of the diagonal matrix © is a diagonal matrix of &’S. This
yields the effect of goods price changes and changes in regional labor on regional
wages:

—I .
(Al?’) W= — &5, T ﬁzpz
2 MGy Z
i gt
(A14) where i = =57
Zi’ )\Z‘/ 07:/

This expression with L = 0 yields (1). Changes in specific factor prices can be
calculated from wage changes by rearranging (A4).

- (-0
(A15) R = (0)“’
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Plugging in (A13) and collecting terms yields the effect of goods price changes
and changes in regional labor on specific factor price changes.

. (1-6,) L 1 L (1-6) -
(Al6) R;= o + <5i + (1 - @‘)) P ——> Bl
Oi Yy Aigh 0; 0; kz#l

Setting L = 0 in (A13) and (A16) yields the equivalent expressions in Jones
(1975).

A2.  Graphical representation of the model

The equilibrium adjustment mechanisms at work in the model are demon-
strated graphically in Figure A1, which represents a two-region (r = 1,2) and
two-industry (i = A, B) version of the model.? Region 1 is relatively well en-
dowed with the industry A specific factor. In each panel, the x-axis represents
the total amount of labor in the country to be allocated across the two industries
in the two regions, and the y-axis measures the wage in each region. Focusing
on the left portion of panel (a), the curve labeled P4F f‘ is the marginal value
product of labor in industry A, and the curve labeled PgF' fg is the marginal value
product of labor in industry B, measuring the amount of labor in industry B
from right to left. Given labor mobility across sectors, the intersection of the two
marginal value product curves determines the equilibrium wage, and the alloca-
tion of labor in region 1 between industries A and B, as indicated on the x-axis.
The right portion of panel (a) is interpreted similarly for region 2. For visual
clarity, the figures were generated assuming equal wages across regions before
any price changes. This assumption is not necessary for any of the theoretical
results presented in the paper.

Panel (a) of Figure A1 shows an equilibrium in which wages are equalized across
regions. Since region 1 is relatively well endowed with industry A specific factor,
it allocates a greater share of its labor to industry A. Panel (b) shows the effect
of a 50% decrease in the price of good A, so the good A marginal value product
curve in both regions moves down halfway toward the x-axis. Consistent with
(1), the impact of this price decline is greater in region 1, which allocated a larger
fraction of labor to industry A than did region 2. Thus, region 1’s wage falls more
than region 2’s wage. Now workers in region 1 have an incentive to migrate to
region 2. For each worker that migrates, the central vertical axis moves one unit
to the left, indicating that there are fewer laborers in region 1 and more in region
2. As the central axis shifts left, so do the two marginal value product curves
that are measured with respect to that axis. This shift raises the wage in region
1 and lowers the wage in region 2. Panel (c) shows the resulting equilibrium

29Figure Al was generated under the following conditions. Production is Cobb-Douglas with specific-
factor cost share equal to 0.5 in both industries. L = 10, Ty4 = 1, Tip = 0.4, To4 = 0.4, and Top = 1.
Initially, P4 = Pp = 1, and after the price change, P4 = 0.5.
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assuming costless migration and equalized wage across regions. Again, none of
the theoretical results in the paper require this assumption.

A8. Nontraded goods prices

As above, consider a particular region, omitting the r subscript on all terms.
Industries are indexed by ¢« = 1...N. The final industry, indexed N, is nontraded,
while other industries (i # N) are traded. The addition of a nontraded indus-
try does not alter the results of the previous section, but makes it necessary to
describe regional consumers’ preferences to fix the nontraded good’s equilibrium
price.

Assume a representative consumer with Cobb-Douglas preferences over goods
from each industry. This implies the following relationship between quantity
demanded by consumers, Y;°, total consumer income, m, and price, F;.

A N

(A17) Yi=m—F

Consumers own all factors and receive all revenue generated in the economy;
m =Y, BY? where Y/ is the amount of good ¢ produced in equilibrium. Apply-
ing the envelope theorem to the revenue function for the regional economy, one
can show??

(A18) m=nL+Y @l
7

where 7, is the share of total factor payments accounted for by wages and ;
is the share of regional production value accounted for by industry i. Plugging
(A18) into (A17) for the nontraded industry and rearranging terms,
> Pi A L < -1 Cre
(A19) Py — P, — L= Yy.
Z;\,Zi/#moi/ Yol I —onN

Holding labor fixed, this expression shows that consumption shifts away from the
nontraded good if the nontraded price increases relative to a weighted average
of traded goods prices, with weights based on each good’s share of traded sector
output value.

A similar expression can be derived for the production side of the model. Wage
equals the value of marginal product, so w = PN+F£V . The specific factor is fixed,

SO }7]{), =(1- HN)fLN. Combining these two observations with Euler’s theorem

30The revenue maximization problem is specified as follows.

r(Pl...PN,L):mﬁxZPiFi(Li,Ti) s.t. ZLigL
1 1
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and the definition of the elasticity of substitution as in footnote 6 yields

N

A20 A:P )
(A20) YN T N —0y)

Yy
Substitute in the expression for @ in (A13) and rearrange.

Bi  » 1 2 On
- b+ 7 L =
;:V >N B (1=8n) 2y Aigy (L= Bn)on(1—0n)

(A21) Py — v
Holding labor fixed, this expression shows that production shifts toward the non-
traded good if the nontraded price increases relative to a weighted average of
traded goods prices, with weights based on the industry’s size and labor demand
elasticity captured in g;.

Equations (A19) and (A21) relate very closely to the intuition described in
Section [.B for the case of only one traded good. Consumption shifts away from
the nontraded good if its price rises relative to average traded goods prices while
production shifts toward it. Since regional consumption and production of the
nontraded good must be equal, with a single traded good the nontraded price
must exactly track the traded good price. Combining (A19) and (A21) shows
that in the many-traded-good case, the nontraded price change is a weighted
average of traded goods price changes.

_ on (1-6n)
A 77L 9N Zz )\1% ~ A~
(A22) Py = i L+ &P
D AN [%(1 —ON)By + %’/} AN
T (L=0N)Bi + ¢
(A23) where & = o v) 4

DN [%(1 —On)Bi + %'}
A4. Restriction to Drop the Nontraded Sector from Weighted Averages

Under Cobb-Douglas production with equal factor shares across industries, 6; =
0, and o; = 1 Vi. This implies that 8; = \;, the fraction of labor in each industry.
Similarly,

PY? AL

(A24) S PY! T 1-0 A

since n, = 1 — 0 when 0; = 6. When 3; = ¢;, the weights &; in (A22) are

Bi

ZZ‘/;,&N Bir
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Plug these weights into (3) and then plugging that into (1) yields a result equiv-
alent to dropping the nontraded sector from the weighted average in (1) and

2).

Zz’;éN ﬁipi
2w Bi

A5, Wage Impact of Changes in Regional Labor

(A26) W =

This section shows that an increase in regional labor decreases the regional
wage. Substituting (A22) into (A13), holding traded goods prices fixed (P; =
0 Vi # N), and rearranging yields

(A27) W = o
(i Xigh) gL —0n)(1 = BN) + (1 —¢n)

Since the denominator is strictly positive, the sign of the relationship between L
and  is determined by the numerator. An increase in regional labor will decrease
the wage if an only if

ON

(A28) (1 — (,DN) > 0
N

(AnnL — (1 = 6n)).

Using the fact that n;, = (32, \i(1—6;)~1) ™! the previous expression is equivalent
to

)\N(l — QN)_I 1>
DAl =6yt '
The left hand side is positive while the right hand side is negative. Thus, the

inequality always holds, and an increase in regional labor will always lower the
regional wage.

(A29) (1—on) > %(1 —0y) <
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FIGURE A1l. GRAPHICAL REPRESENTATION OF SPECIFIC FACTORS MODEL OF REGIONAL ECONOMIES
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DATA APPENDIX
B1.  Industry Crosswalk

National accounts data from IBGE and trade policy data from (Kume, Piani
and de Souza 2003) are available by industry using the the Nivel 50 and Nivel
80 classifications. The 1991 Census reports individuals’ industry of employment
using the atividade classification system, while the 2000 Census reports industries
based on the newer Classificacdo Nacional de Atividades Econémicas - Domiciliar
(CNAE-Dom). Table B1 shows the industry definition used in this paper and its
concordance with the various other industry definitions in the underlying data
sources. The concordance for the 1991 Census is based on a crosswalk between
the national accounts and atividade industrial codes published by IBGE. The
concordance for the 2000 Census is based on a crosswalk produced by IBGE’s
Comissao Nacional de Classificacao, available at http://www.ibge.gov.br/concla/.

B2.  Trade Policy Data

Nivel 50 trade policy data come from Kume, Piani and de Souza (2003). De-
pending on the time period, they aggregated tariffs on 8,750 - 13,767 individual
goods first using unweighted averages to aggregate individual goods up to the
Nivel 80 level, and then using value added weights to aggregate from Nivel 80 to
Nivel 50.3! In order to maintain this weighting scheme, I weight by value added
when aggregating from Nivel 50 to the final classification listed in Table B1. For
reference, Figure B1 and Figure B2 show the evolution of nominal tariffs and effec-
tive rates of protection in the ten largest sectors by value added. Along with the
general reduction in the level of protection, the dispersion in protection was also
greatly reduced, consistent with the goal of aligning domestic production incen-
tives with world prices. It is clear that the move from a high-level, high-dispersion
tariff structure to a low-level low-dispersion tariff distribution generated substan-
tial variation in protection changes across industries; industries with initially high
levels of protection experienced the largest cuts, while those with initially lower
levels experienced smaller cuts.

Recall from Section III that the 1987-1990 period exhibited substantial tariff re-
dundancy due to the presence of selective import bans and special import regimes
that exempted many imports from the full tariff charge. The tariff changes during
this period did not generate a change in the protection faced by producers, but
rather reflected a process called called tarifacdo, or “tariffization,” in which the
import bans and special import regimes were replaced by tariffs providing equiv-
alent levels of protection (Kume, Piani and de Souza 2003). The nominal tariff
increases in 1990 shown in Figure Bl reflect this tariffization process in which
tariffs were raised to compensate for the protective effect of the import bans that
were abolished in March 1990 (Carvalho 1992).

31Email correspondence with Honério Kume, March 12, 2008.
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B3.  Cross-Sectional Wage Regressions

In order to calculate the regional wage change for each microregion, I estimate
standard wage regressions separately in 1991 and 2000. Wages are calculated as
an individual’s monthly earnings / 4.33 divided by weekly hours in their main
job (results using all jobs are nearly identical). I regress the log wage on age,
age-squared, a female indicator, an inner-city indicator, four race indicators, a
marital status indicator, fixed effects for each year of education from 0 to 17+,
21 industry fixed effects, and 494 microregion fixed effects. By running these re-
gressions separately by survey year, I control for changes in regional demographic
characteristics and for changes in the national returns to those characteristics.
The results of these regressions are reported in Table B2. All terms are highly
statistically significant and of the expected sign. The regional fixed effects are
normalized relative to the national average log wage, and their standard errors
are calculated using the process described in Haisken-DeNew and Schmidt (1997).
The regional wage change is then calculated as the difference in these normalized
regional fixed effects between 1991 and 2000:

(B1) dInw, = (In w2000 — Inw!991) — (In w2900 — In ¢y1991)

The regional wage changes are shown in Figure 2. As mentioned in the main
text, some sparsely populated regions have very large measured regional wage
changes. To demonstrate that these results are driven by the data and not some
artifact of the wage regressions, Figure B3 shows a similar map plotting regional
wage changes that were generated without any demographic or industry controls.
They represent the change in the mean log wage in each region. The amount of
variation across regions is similar, and these unconditional regional wage changes
are highly correlated with the conditional versions used in the analysis, with a
correlation coefficient of 0.93.

Bj. Region-Level Tariff Change Elements

The fixed factor share of input costs is measured as one minus the labor share
of value added in national accounts data. The resulting estimates of 6; are plotted
in Figure B4. The distribution of laborers across industries in each region (A;)
are calculated in the 1991 Census using the sample of employed individuals, not
enrolled in school, aged 18-55. The tariff changes in 5 are calculated from the
nominal tariff data in Kume, Piani and de Souza (2003) and are shown in Figure
B5.
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F1GURE B3. UNCONDITIONAL REGIONAL WAGE CHANGES
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FIGURE B4. FIXED FACTOR SHARE OF INPUT COSTS
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F1GURE B5. TARIFF CHANGES
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TABLE B2-—CROSS-SECTIONAL WAGE REGRESSIONS - 1991 AND 2000 CENSUS

dependent variable: log wage = In((monthly earnings / 4.33) / weekly hours) at main job

Year 1991 2000
Age 0.057 0.061
(0.000)** (0.000)**
Age? / 1000 -0.575 -0.601
(0.004)** (0.004)**
Female -0.392 -0.335
(0.001)** (0.001)**
Inner City 0.116 0.101
(0.001)** (0.001)**
Race
Brown (parda) -0.136 -0.131
(0.001)** (0.001)**
Black -0.200 -0.173
(0.002)** (0.001)**
Asian 0.154 0.122
(0.006)** (0.006)**
Indigenous -0.176 -0.112
(0.010)** (0.006)**
Married 0.186 0.163
(0.001)** (0.001)**
Fixed Effects
Years of Education (18) X X
Industry (21) X X
Microregion (494) X X
Observations 4,721,996 5,135,618
R-squared 0.518 0.500

Robust standard errors in parentheses
+ significant at 10%; * significant at 5%; ** significant at 1%
Omitted category: unmarried white male with zero years of education, outside inner city,

Education fixed effect estimate

working in agriculture
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