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ABSTRACT

In this paper, I study the effect of economic integration with the United States on state-
industry employment growth in Mexico. I disentangle the effects of two opposing forces on
regional labor demand: transport-cost considerations, which, all else equal, encourage firms to
relocate their activities to regions with relatively good access to foreign markets, and
agglomeration economies, which, all else equal, reinforce the pre-trade pattern of industry
location. I find that trade liberalization has strong effects on industry location. Consistent with
the transport-costs hypothesis, post-trade employment growth is higher in state-industries that are
relatively close to the United States. The results on agglomeration effects are mixed.
Employment growth is higher where agglomeration in ﬁpstream and downstream industries is
higher, but not where the agglomeration of firms in the same industry is higher. The results
suggest trade liberalization has contributed to the decomposition of the manufacturing belt in and
around Mexico City and the formation of broadly specialized industry centers located in northem
Mexico, relatively close to the United States. The North American Free Trade Agreement is

likely to reinforce these movements.
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I. Introduction

How do regions adjust to trade .libcmlization? In this paper, I study the effect of
economic integration with the United States on state-industry employment growth in Mexico.
I disentangle the relative effects of two opposing forces on regional labor demand: ransport-cost
considerations, which, all else equal, encourage firms to relocate their activities to regions with
relatively low-cost access to foreign markets, and agglomeration economies, which, all else equal,
tend to reinforce the pre-trade pattern of industry location,

That international trade causes a sectoral reallocation of resources is a basic insight of
trade theory. Whether the motivation for trade is relative factor abundance, increasing returns
to scale, or imperfect competition, the transition from an open economy to a closed economy
alters a nation's pattern of specialization. The effect of trade on the spatial allocation of resources
within a nation is less clear. Economists have begun to pay closer artention to patterns of
regional specialization within countries, but there has been little empirical work on how the
transition to an open economy affects the location of economic activity.

A basic theme of recent literature is that externalities tie the productivity of agents in a
location to the local agglomeration of resources. Dynamic externalities, due to knowledge
spillovers or leaming by doing, figure prominendy in recent theories of economic growth (Romer
(1986 and 1990), Lucas (1988), Grossmen and Helpman (1991), and Young (1991)). To the
extent externalities are localized, regions with large agglomerations of firms grow relative to other
regions. Several recent studies have found evidence that is consistent with externalities. Glaeser

et al. (1992) find U.S. city-industry growth is higher in cities with relatively diverse industrial

bases; Jaffe, Trajtenberg, and Henderson (1993) find the creation of new patents is highly




localized; and Rauch (1993b) finds that wages are higher in agglomerated regions.

Another strand of the literature emphasizes the role of market access in spatial resource
allocation. Krugman (1991) shows the interaction of plant-level scale economies and transport
costs can explain the formation of cities. In Rauch (1990), transport costs determine the volume
of trade within and between countries. The importance of trade liberalization is that it changes
the reference market for firms in 2 country. All else equal, we expect trade reform to shift
resources to locations with relatively good access to foreign markets. With agglomeration
economies, the size or mix of industries in a region may also affect how resident industries adjust
to trade. To the extent closed-economy industry centers have relatively poor access to foreign
markets, transport costs and agglomeration economies wark in opposite directions.

The regional effects of trade liberalization are also a subject of considerable policy
interest.  The current trend towards economic integration is likely to reorganize the location of
cconomic activity in developed and developing regions alike. The formation of the Buropean
Urion and the fall of communism in Eastern Europe imply a substantial increase in regional
resource mobility on the European continent. The spread of trade reform throughout the
developing world has reoriented producers in these countries towards an entirely new set of
markets. Wei (1993) finds that in China the fastest growing cities are those with relatively large
cxport sectors. For obvious reasons, many of these cities are located in coastal areas relatively
near Hong Kong and Taiwan. Regional movements in response to trade strain existing
infrastructure and bring a dramatic realignment of relative regional fortunes. Commercial real
estate prices in Shanghai, for instance, are now comparable to those in New York and Tokyo.

Recent changes in Mexico's trade policy make the couatry an ideal case stdy. In 1985,




after four decades of import-substitution industrialization, Mexico began to open its economy to
trade. The government enacted reform swiftly, eliminating most trade barriers in the following
three years. Mexico's location in North America makes trade liberalization equivalent to
economic integration with the United States, For Mexican firms, proximity to foreign markers
means proximity to the U.S. market. Yet, Mexicb's closed-economy production centers are
located far from the United States. Since the 1950's, manufacturing capacity has been
concentrated in the country'’s interior, around Mexico City. While foreign-market access lures
firms to the Mexico-U.S. border, the existing pattern of agglomeration works against this shift.
I estimare the change in state-industry labor demand in Mexico before and after trade
reform as a function of transport costs to the United States, industry agglomeration, and a series
of control variables. If transport costs matter, employment growth will be high in regions close
to the United States; if agglomeration economies matter, employment growth will be high in
relatively large production ceaters. I study the effects of three types of agglomq'ation: within-
industry agglomeration, the concentration of firms in the same indusiry; related-industry
agglomeration, the concentration of firms in upstream and downstream industries; and industrial
diversity, the concentration of firms in a broed range of industries. No previous study separates
related-industry agglomeration from within-industry agglomeration. Ido so to assess whether the
benefits of proximity to rivals differ from the those of proximity to buyers and suppliers.'
To preview the results, I find evidence of both transport-cost effects and agglomeration
effects on post-trade employment growth, After trade liberalization, employment growth is higher

in state-industries relatively close to the United States. The closed-economy manufacturing belt

! Porter (1990) emphasizes that interactions between buyers and suppliers are an important component of the
benefits firms derive from geographic concentration.




around Mexico City is breaking apart, as new industrial centers form closer to the Mexico-U.S.
border. The North American Free Trade Agreement is only likely to reinforce this trend.
Consistent with Glaeser ¢t al,, I find no evidence employment growth is higher where within-
industry agglomeration is higher; contrary to their results, I find no evidence employment growth
is higher where industrial diversity is higher. A more novel finding is that employment growth
is higher where related-industry agglomeration is higher. This is consistent with the hypothesis
that the Mexican economy is changing from one based on a few large diversified industry centers
to one based on a number of broadly specialized industry centers.

The body of the paper has four sections. In section one, I review recent work in trade
theory that relates to industry location. In section two, I describe regional-industrial employment
growth in Mexico before and after trade reform. In section three, I give empirical results. In a

final section, I offer concluding remarks.

II. Theory
A. International Trade and Industry Location

Most recent theories of interregional trade are based on several common elements:
increasing returns to scale, transport costs, and congestion costs. In Asilis and Rivera-Batiz
(1993), Fujita (1988), Krugman (1991), and Rivera-Batiz (1988) scale economies are internal to
firms; in Henderson (1974) and Eaton and Eckstein (1994) scale economies are external to fims.?
The mechanics of industry location in these models are relatively similar. The interaction of scale

economies and transport costs creates a centripetal force, to use Krugman's language, that causes

! In Henderson (1974) external economies are unspecified; in Faton and Eckstein (1994) extemal economies
mduewsmﬂovmhrhemmulaﬂouofhummmmLumLum(l%S}
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firms to agglomerate in industry centers. With internal economies, firms economize on both
transport costs and producﬁon costs by locating near a large market; with external economies,
firms benefit from spillovers by locating near other firms in their industry. Land rents, or some
other source of congestion costs, operate as a centrifugal force and work against agglomeration.
To compensate workers for higher housing costs, higher commuting costs, or congestion-related
disamenities in agglomerated regions, firms must pay workers relatively high wages, If
centripetal forces dominate centrifugal forces firms agglomerate in one or more industry centers.?

Where agglomerations form depends on a country's trading position with the rest of the
world. Consider first the case of a closed economy. I use Mexico for illustrative purposes.
Imagine Mexico as a line segment, with the United States located to the right of the segment
(north?) and Central America located to the left (south®). Suppose labor is mobile along the line,
but not across borders, and that land is immobile and uniformly distributed along the segment.
Suppose also that, following the above logic, agglomeration economies cause firms to concentrate
in industry centers, but land rents pm;fent the formation of a single massive city. Instead, a
hierarchy of industry centers form. Figure 1 describes a spatial equilibrium in which rectangles
represent the size and location of industry centers, A large industry center forms in the middle
of the country, and centers of decreasing size form as one moves away from the middle towards

the borders, This spatial allocation of resources in qualitatively similar to that derived in Asilis

¥ Other factors, of course, alsa contribute 1o agglomeration. Site-specific natural resources may attract firms
to certain locations. To the extent resource supplies are fixed, they have no implications for growth and can be
ignored in the analysis that follows. Allematively, a location may have ameaities, such as nice beaches or good
weather, that attract consumers, as in Roback (1982). Amenities need not be exogenous, Matsuyama and Takahashi
(1993) model geographic concentration as the result of increasing returns in non-traded goods. Again, 1o the extent
amenities are constant and Incressing remarns are static, neither factor has implications for growth.
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and Rivera-Batiz (1993), Fujita (1988), Krugman (1994), and Rivera-Batiz (1988).* It is by no

means the only equilibrium, but it is an intuitively appealing one.

~ Figure 1

-
L]
C 1]

Central . United
America Mexico States

The composition of industry centers depends on the natre of agglomeration economies
(Headerson (1974)). With internal scale economies, agglomeration economies are pecuniary and
the composition of industry centers is irrelevant: what marters for firms is being near consumers;
the fact industry centers also contain a large concentration of firms is not in and of itself an
attraction. If agglomeration cconomies take the form of knowledge spillovers, or another
nonpecuniary externality, the composition of industry centers reflects the manner in which firms
benefit from proximity to one another. Within-industry and related-industry agglomeration
cconomics create specialized concentrations of firms; agglomeration economies associated with
industrial diversity create regional complexes with a wide array of activities.

Consider the effect of opening the economy to trade. The importance of trade for industry
location is that it expands the set Qf markets firms serve, Given the large size of the U.S. market

relative to the Mexican and Central American markets, there is a premium on locations at the

4 Stricdly spesking, none of the models cited derives a hierarchy of industry centers as depicted in Figure 1 (see
Pujita (1993)). Instead, there is a masy of activity in the center of the country that tails off in either direction. To
derive the existence of distinct industry centers, & landscape with 2 discrete sumber of locations is generally imposed.
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right end of the line segment, near to the Mexico-U.S. 'border.’ To improve access to the U.S.
market -- that is, to reduce transport costs — firms have an incentive to relocate their activities
northwards. The existing pattern of agglomeration works as an opposing force: the local
concentration of consumers andfor firms gives firms an incentive to remain where they are.
Whether or not firms relocate depends on the relative strength of these two forces.

In the long run, if firms have a joint incentive to move, entire industry centers may
relocate. Fixed moving costs operate as an initial barrier to relocation, but we can imagine a
variety of mechanisms through which firms coordinate their actions. Rauch (19932) models a
situation in which developers use industrial parks to coordinate the relocation of entire industries
in the presence of agglomeration economies. Ultimately, we expect the pattern of industry
Iocation to reflect the relative importance of Mexico's trading partners. Figure 2 gives one
possible post-trade pattern of industry location, which is qualitatively similar to that derived by
Krugman and Livas (1992). Agglomeration economies again imply the formation of a hierarchy
of industry centers, now with the largest center located at the Mexico-U.S. border and industry

centers decreasing in size as one moves south,

Figure 2

Central United




The transition between the equilibrium in Figure 1 and the one in Figure 2 takes time,
with the speed of adjustment depending on the nature of agglomeration economies. If
agglomeration economies are pecuniary, the lure of the U.S. market may be sufficiently strong
that firms move to the border as soon as they are able. In this case, adjustment to trade
liberalization is likely to be rapid. In the absence of spillovers, the only factors dissuading firms
from relocating are fixed moving costs and the potential loss of local markets. The pull of the
local market will be less significant if firms expect their neighbors to move to the U.S. border.

If agglomeration economies take the form of knowledge spillovers, adjustment away from
the closed-economy location pattern is likely to be more protracted. Trade makes proximity to
the U.S. market more irnportant, but it does not directly weaken the externality generated by a
given level of agglomeration. Moreover, the sectoral reallocation of resources that trade brings
may cause closed-economy industry centers to grow over the short or medium rn.  As
specialization redirects Iabor from some industries to others, agglomeration economies make

existing industry centers, all else equal, the ones most likely to benefit.

B. An Empirical Model

The preceding discussion suggests a simple empirical approach for studying how regional
industries adjust to trade liberalization. To the extent wansport costs to foreign markets affect
firms' location decisions, we expect trade liberalization to cause a relocation of activities towards
regions with relatively good access to the US market. To the extent agglomeration economies

matier, we expect large agglomerations of firms to grow relative to small ones.

I avoid the complications involved in long-run adjustment to trade liberalization by



focusing on the short run.® The mobility of labor makes it relatively easy for firms to adjust
regional employment levels in response to shocks.® 1 study how trade Liberalization affects
regional-industrial employment by using a profit-function approach to estimate regional labor
demand. For each industry assume there exists a well-defined profit function with the standard
properties (Varian (1984)).” Industries may be located in any number of states. For simplicity
assume each state-industry produces goods for a single destination market (e.g., all goods pass
through a central processing zone). Assume also there are positive transport costs that take
Samuelson’s ice-berg form: of each unit of output shipped from state { to the central market only
a fraction ¢, amrives. Trade liberalization, in addition to changing relative prices, in effect changes
transport costs to the central marker By Hotelling's Lema, the demand for labor in state { by

industry j is given by

1) Ly - an.’l(Rﬂ"‘pl'Eﬂ)

ﬁw,

where IT{) is the profit function; L, is employment in state-industry if; R; is a vector of factor
prices for if, some of which vary across states and others of which do not; p, is the national price
of industry j's output; , is a vector of external effects; and w, is the wage.

A standard problem in empirically identifying agglomeration economies is that at any

$ The problem with studying long-ron adjustment is the existence of multiple equilibria. Theary offers linle
guidance in determining which equilibria are more likely (sce Krugman (1994)).

% To motivais the theary, I describe the adjustment process in terms of domestic firms deciding bow to adjust
the location of their activities, It makes no difference for my purposes whether the spatia! reallocation of resources
occurs through existing firms relocating their operations or through the exit of old firms and the entry of new firma.

7 In event the profit fanction does not exist, the regression equation I specify still has an interpretation as 8
generic employment growth equation.




moment of time their effects are indistinguishable from those of unobserved fixed factors of
production. I avoid this problems by studying the growth of regional labor demand: if
agglomeration economies are dynamic in nature, they have implications for growth that are

distinct from those of fixed factors.' Taking logs, I assume I can reexpress (1) as

X
@  Aln(L) = a + BAln(w,) + :‘_le.Aln(r',) + yAln(t,p) + $AIn(E,)

where 4 ig the difference operator between time £ and time ¢+ and the 7*,'s are non-labor factor
prices. External cffects are assumed to be positive in nature so that an increase in their
magnitude increases labor demand for given factor and output prices. The dynamic
agglomeration-cconomies hypothesis is that increases in external effects are a function of the

initial concentration of resources in 2 given location:

@ AmGy ~a Ehle'y + o
whero the 2,'s measure the resource concentrations that generate externalities and €, is an error
term associated with the percentage change in external effects.

I consider three types of agglomeration economies: within-industry effects, where firms
benefit from being near other firms in their industry; related-industry effects, where firms benefit
from proximity to firms in upstream and downstream industries; and diversity effects, where firms
benefit from proximity to firms in a wide array of industrial activities. Within-industry effects
are the standard cnes considered in the empirical literature (e.g., Carlton (1983), Nakanwura

(1985), Henderson (1986), end Glaeser et al. (1992)). Related-industry effects are generally

* That s, fixed factors affect the leve! of regional labar demand without affecting its growth.
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subsumed into within-industry effects or ignored ltogether. I distinguish between within-industry
externalities and related-industry externalities to control for the possibility that the benefits firms
derive from proximity to their rivals differ from those they derive from proximity to their buyers
and suppliers. The hypothesis that industrial diversity enhances growth relates to Jacobs' (1969)
concept of the cross-fertilization of ideas between firms in different industries. The essence of
Jacobs' story is that firms in one industry learn from firms in many industrics. What eahances
spillovers is not the agglomeration of firms in the same industry but the diversity of industries
represented in a given location. In the growth of U.S. city indusu-iqs. Glaeser et al. (1992) find
m consistent with externalities related to diversity but not within-industry externalities.
Trade libernlization reallocates resources across sectors. To identify location-specific
factors that affect regional-industry employment growth, I need to control for the sectoral effects
of rade. I do so by reexpressing (2) in terms of deviations from national-industry changes.
National-industry changes can be expressed as 2 function of industry weighted-average changes
in factor prices, output prices, and external effects.® If labor is the only factor whose price varics
across states, taking deviations from national-industry changes eliminates the output price and all

non-labor factor prices from the expression. Equation (2) becomes

L i{
@  ADCE) - 0ADCR) « yal(®) + Yo W) 4 e, -,
L’ W, fy I=l 7 2

where

' Tose@ismm&n(x)-%&,inwhichcue
Ti0p ALy = 5T/ L)ALy Dy = ALy/L,~Alally)

where 00y = Ly/L,
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I use expression in (4) for estimation.

IIL The Data

Data are drawn from the Mexico Industrial Census. The Census is a comprehensive
survey of manufacturing establishments thet provides periodic data on four-digit (ISIC) state
industries. Mexico has 54 industries and 32 states.'® I have collected data from the three most
recent census years, 1980, 1985, and 1988. Mexico initiated its liberalization of trade in 1985.
I have two sets of observations on changes in regional industry labor demand: from 1980 to
1985, the period preceding trade liberalization, and from 1985 to 1988, the period following the
initiation of trade reform. It would be desirable to have a year later than 1988, but more recent
census data are not yet available. The swiftness with which liberalization was enacted suggests

the initial effects of trade reform should be observable by 1988.

A. The Liberalization of Trade

Mexico's economy was largely closed to trade from the 1950's until the mid 1980's. The
government initiated a conscious policy of trade protection in the late 1940's when it raised tariffs
and instituted a system of import licenses (King (1970)). Successive administrations expanded
trade barriers, meinly by increasing the range of goods covered by import licenses. Trade

'* There are numerons versicns of the ISIC (International Siandard Industrial Classification) code. The Mexico
Cengus purports to use the United Nations Revision 2 ISIC, There are, however, subie differences between the UN
version and the Mexican version (the UN version, for instance, has more than 54 four-digit indusmries).
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barriers biased firms towards production for the domestic market. Not only were firms protected
from foreign competition, but they were at a relative disadvantage in foreign markets due to the
fact that they had to pay artificially bigh prices for imported inputs. The government also used
export controls to direct production towards the domestic market." Periodic overvaluation of the
exchange rate was an additional incentive 2gainst exporting.

The government decided to open the economy to trade in 1985 and announced plans to
join the General Agreement on Trade and Tariffs (GATT). There was initial skepticism over the
sericusness of the government's reformist intentions, due in part to failed liberalization attempts
in the late 1970's and carly 1980's. The government moved swiftly, however, drastically lowering
most trade barriers within three years. In mid 1985, the national average tariff was 23.5 percent,
and import-license requirements covered 92.2 percent of national production. By December 1987,
import-license coverage had beea reduced to 25.4 percent of national production and the average
tariff had been reduced to 11.8 percent, with a. maximum rate of 20 percent. Concomitant to
reform the povernment abolished export controls and devalued the nominral exchange rate.

Table ! shows annual weighted-average tariffs and import-license coverage by two-digit
(ISIC) industry for the period 1984-1990. In 1985, the average tariff ranged from 13.6 percent
in non-metallic minerals to 47.3 percent in wood products; import licenses were required for over
85.0 percent of products in all two-digit industries. The government first cut import-license
requirements, reducing average import-license coverage to below ten percent by 1987 in all
industries except food products, textiles, and metal products. The government then begzn to

reduce tariffs; by 1988, the maximum tariff rate in any industry was in other industries (toys,

U In 1980, Mexico had export controls on 85 percent of non-oil exports (Secretariat of Trade and Industrial
Promotion, uapublished data).
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instruments, jewelry) at 17.1 percent. The only industry that continues to enjoy relatively high

rates of protection is metal products, due mainly to import restrictions on autos.

B. Regional Employment in Mexico

Trade liberalization has coincided with a sectoral and spatial reorganization of employment
in Mexico. Table 2 shows the average annual change in national employment by two-digit
industry for the periods 1980-1985 and 1985-1988.% In the period before trade liberalization,
manufacturing employment grew at an average annual rate of 3.34 percent; in the following
period, manufacturing employment declined in absolute terms at an average annual rate of 0.75
percent.  The post-trade employment decline was concentrated in chemicals and basic metals,
which declined at annual average rates of 7.40 percent and 8.78 percent, respectively.

It is difficult to detect the effects of trade liberalization in national level employment
changes. Trade reform was not the only shock to the Mexican economy in the 1980's. The
country experienced a severe macroeconomic contraction in 1986 and 1987, as the government
imposed austerity measures to stabilize the economy. Changes in regional employment offer
useful clues for identifying the effects of trade reform. Holding industrial composition constant,
Mexico's regions are subject to the same macroeconomic shocks.” Studying regional-industry

employment growth relative to national-industry employment growth sweeps out the effects of

3 Average annual employment growth iy calculated a3 the change in log employment divided by the time
interval in years between cbservations.

Y It is possible Mexico's macroeconomic shocks varied across regions, but it does not seem likely. Mexico's
stabilization measures included drastic cuts in government spending and a pesa devalnation. The largest cuts in
outlays came in consumption subsidies. Public spending is under centralized control. The federal government
collects tax revennes from the states and determines bow they will be disbursed. Iam aware of o evidence which
indicates the government favared individual states in making spending cuts.
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economy-wide shocks and leaves the regional effects of trade reform.

Figure 3 plots average annual relative employment growth for state-industries in the
periods 1985-1988 and 1980-1985." Average annual relative employment growth is defined as
the annualized change in log employment for the state industry minus the annualized change in
log employment for the national industry (Table 5 gives variable definitions). The line in Figure

3 is a regression given by the following equation:

AL /L) = 0.043 ~ 0.6020A4I(L,/L) F=0149 N=1136
0.008) (0.043)

wh&z A,, indicates the average annual change over 1980-85, A,, indicates the average annual
change over 1985-88, L, is employment in state-industry ¥, L, is national employment in industry
J, and standard errors arc in parcntheses. While most state industries had zero relative
employment growth in both periods, the statistically significant (at the .05 level) negative slope
of the regression line indicates many state industries had positive relative growth in the first
period and negative relative growth in the second period, or vice-versa. This is consistent with
the idea that the pattern of state-industry employment growth before trade reform differed from
that after trade reform.

To identify broad patterns in state-industry employment growth, it is useful to summarize
employment changes at the regional level. I group states into five regions running north to south
(see Figure 4):. (1) the Border, which contains states that border the United States; {2) the North,

which contains the next tier of northern states; (3) the Center, which contains states surrounding

* The points in Fignre 3 are abbreviated state names (see Figure 4).
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Mexico City; (4) Mexico City, which contins the two states the capital occupies;" and (5) the
South, which contains all states south of the capital.

Table 3 shows regional shares of national employment by two-digit industry for 1980 and
1988. There are three striking features about regional employment in Meaico. The first is the
overall geographic concentration of manufacturing. Under the closed economy, the central states,
and Mexico City in panicular, were Mexico's manufacturing belt. In 1980, the Mexico City
region contained 44.4 percent of national manufacturing employment, and the Center contained
25.5 percent. Hanson (1994) shows this pattern of industry location had existed since 1960,

The second striking feature of the data is the variation in geographic concentration across
industries. In 1980, employment in food products and non-metallic minerals was spread relatively
cvenly across regions. These industries include goods, such as bread, tortillas, and cement, that
are not traded over long distances, hence their location reflects the regional distribution of
population. There are other industries that are highly concentrated geographically. In textiles and
apparel, paper and printing, chemicals, metal products, and other industries, over 75 percent of
employment is concentrated in just two regions. These industries are relatively footloose, in that
production is relatvely intensive in the use of relatively mobile factors. High levels of
agglomeration in footloosc industries is consistent with some sort of scale ¢conomies.

The third feature of the data is that over the 1980's there was a dramatic shift in relatve
employment from Mexico City to the Border. Between 1980 and 1988, the Mexico City region's

share of manufacturing employment fell from 44.4 percent to 33.2 percent, while the Border

‘f mmﬁwmempoﬂmmmmpnmmmmsmmgqummjﬁuhmemof
Mexico. Though the gengraphical area the capilal occupies in the state of Mexico is small, it contains the vast
majority of the state’s manufacturing activity.
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region’s share increased from 21.0 percent to 28.2 percent. The overall regional employment shift
was not uniform across industries. Table 4 shows relative employment growth by region and
two-digit industry for the periods 1980-1985 and 1985-1988. From 1985 to 1988, the Border had
manufacturing employment growth relative to the nation as a whole of 6.53 percent. This growth
varied widely across individual industries, ranging from 11.74 percent in textiles and apparel, 9.77
percent in metal products, and 9.99 percent in other industries, to -0.63 percent in food products
and -0.28 percent in basic metals. Similarly, after 1985 overall manufacwring employment
growth in the Center relative to the nation as a whole was -2.82 percent, but the region enjoyed
mlaﬁvc employment growth of 5.55 percent in wood products and 2.62 percent in other
industries. Just as the Border was not uniformly attractive to all industries, the Center was not
uniformly repellent to all industries.

The northward shift in employment after 1985 is consistent with the transport-costs
hypothesis that, in response to trade liberalization, firms shift their operations to locations with
relatively good access to foreign markets. Location, however, does not tell the whole story. The
geographic concentration of industry prior to trade reform is consistent with agglomeration
economies. The heterogeneity in regional-industry response to trade suggests that location-
specific factors other than proximity to the United States play an important role in explaining how
regional industries adjust to trade. Summary statistics are insufficient to determine if

agglomeration economies are among these factors.

1V. Results on Regional Adjustment to Trade Liberalization

If location-specific factors such as agglomeration and distance to foreign markets matter
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for adjustment to trade liberalization, then the most direct way to identify these effects is to study
the growth of the same industries in different locations and verify in which locations industry
employment grows faster. The unit of analysis is the four-digit state-industry. I study changes
in state-industry employment during the periods 1986—1985 and 1985-1988. Observations on
relative employment growth in 1980-1985 serve as a control group for identifying the locadon-
specific factors that affect adjustment to trade liberalization. There are 1,728 (32x54) potential
observations per time period, but not all industries are present in all locations. I have 1,205
observatons for 1980-19'85 and 1,247 observadons for 1985-1988. I impose a simple criterion
10 eliminate observations that are likely subject 10 extreme measurement error, which reduces the

observations to 1,151 for 1980-1985 and 1,116 for 1985-1988.¢

A. Variable Definition

Table 5 gives variable definitions and Table 6 gives variable means and standard errors
for each time period. The dependent variable is average annual relative employment growth.
That there was positive relative employment growth on average in both periods reflects the fact
that in each industry a few locations (e.g., Mexico City) lost a lot of employment while a large
number of industries grined some employment,

Following equation (4), I specify relative employment growth as 2 function of initial

conditions in the state industry relative to the national industry,

' The restrictions I impose are (1) industry employment is positive in the initial pericd, (2) industry employment
remains positive afier subtracting out non-remunerated workers (mainly family labor), and (3) positive wages are paid
to employees,
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where i indexes the state, j indexes the four-digit industry, £ indexes the two-digit industry to
which j belongs, and ¢ indexes the initial period. The first term in equation (5) is the state-
industry wage relative to the national-industry wage. I measure the wage as annual remuneration
per worker (REM/L). I use the relative wage in the initial period, rather than the change in the
relative wage, to avoidAinu'oducing simultaneity into the regression. From Table 6, the state-
industry wage was on average about half the national-industry wage, which indicates a high
degree of wapge dispersion. To the extent wages reflect market conditions, [ expect relative
employment growth to be decreasing in the relative wage."”

The second term in (5) represents the chznge in transport costs. Prior to trade
liberalization, transport costs change relatively ﬁm: across periods.' In the transition from a
closed 10 an open economy the chenge in transport costs reflects the inclusion of foreign
consumers as & source of demand. A reasonable proxy for transport costs to foreign markets is

distance to the United States, which I measure as road distance in iilometers from the state

™ The Mexican government sets minimum wages by region and by industry. Mexican labor law mandates a
host of benefits and standards, including the right t union representation, paid vacations, employer-paid health care,
profit sharing, and semi-annual bonuses of a specified amount,

L MM;pﬁd&mxpmmmchangeamMumdsmdmspmﬂﬁmmMohgyimm.bm
it is unlikely such developments significandy alter transport costs over horizons as short as three of five years,
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capital to the nearest major border crossing (7).” The distance measure I use is state distance
to the United States (T;) relative to industry weighted-average distance to the United States
(Za,T). Prior to trade liberalization, there is no reason transport costs to the United States should
affect labor demand; hence, I expect no relation between relative distance to the United Stares
and relative employment growth for 1980-1985. If transport costs to foreign markets matter for
industry location after trade liberalization, relative distance to the United States will be negatively
related with employment growth for 1985-1988.

The third mroug;l fifth terms in (5) represent growth in external effects, which by
hypothesis is a function of initial levels of industry agglomeration. The first source of
externalities I consider is within-Industry agglomeration, which [ measure s the share of state
employment in the industry (L,/L,) relative to the share of national employment in the industry
(L/L). Glaeser et al. (1992) describe this as a measure of specialization as it controls for
situations where the state-industry is large purely because the state is large. If within-industry
externalities are positive, I expect relative employment growth to be higher where within-industry
agglomeration is higher.

The second source of externalities is related-industry agglomeration. I define related
industries a5 those that sharc a given induswy's two-digit classification. The two-digit
classification tends to combine industries that share direct buyer/supplier relationships or that
produce goods for similar markets. In apparel (ISIC 3220), for instance, my measure of related

industries includes textiles (ISIC 3213), knitwear (3214), leather (3230), and footwear (3240).

* The major border crossings are Tijuana-San Diego, Nogales, Ciudad Judrez-El Paso, and Nuevo Laredo-
Laredo, Uslngd!.muummmmspmoomiaequiva]emmmnningmmhndmsponismeon!yavaﬂabls
means of [errying goods. Firms of course have the alternative of shipping goods by sea or by air. I deal with such
issues indirectly by including fixed state effects in the regression.
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These industries are close to apparel in product space, and hence are likely to use similar
production and/or distribution technologies. Technological commonalities create opportunities
for firms to learn from one another. My measure of related-industry agglomeration is two-digit
state employment relative to four-digit state employment (L /L), adjusted by two-digit national
employment relative to four-digit national employment (L,/L,). If related-industry externalities
are positive, I expect relative employment growth to be higher where related-industry
agglomeration is higher.

The third source of externalities is industrial diversity. I measure diversity for a stete-
mdustry as the sum of squared statc employment shares for all other industries in the state
(Bl La/L)"), relative to the sum of squared national employment shares for afl other industries
in the nation (F,(L,/L)"). The more even is the distribution of state (national) employment
across industries, the larger is the sum of squared state (national) employment shares. The larger
is the ratio of the sum of squared state employment shares to the sum of squared national
employment shares the more diverse is the state relative to the nation as a whole. If industrial
diversity generates positive externalities, relative employment growth will be higher where
relative diversity is higher.

The sixth and seventh terms in (5) represent other factors that affect relative employment
growth. Not all firms in an industry necessarily use the same technology or operate at the same
level of efficiency. To control for such diﬂ'cr?nces, I include the log of the average establishment
size in the state industry relative to the weighted-average establishment size in the industry as a
whole, where I measure umbhshmt size as workers per establishment (L/EST). While large

relative size may indicate better technology or imperfect competition, it may also indicate active
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unions that force firms to operate at relatively high employment levels.

Prior to trade liberalization, Mexico allowed off-shore in-bond assembly plants, known
as maquiladoras, to operate in special enterprise zones along the Mexico-U.S. border.
Maguiladoras assemble imported inputs for export. They are exempted from all import
restrictions, as long as they export all of their output. Maquiladoras hire a large share of women
relative to other manufacturing establishments (Wilson (1992)).2 The presence of maquiladoras
along the border may have created regional differences in labor-force composition. Te coatrol
for this possibility, I include the share of employment that is female in the state-industry

(FEL,/L,,) relative to share of employment that is female in the national industry (FEL/L,).

B, Estimation Issues

I have observations across states, industries, and time. I control for the possibility there
are idiosyncratic components to state-industry employment growth by allowing the error term €,
in (5) to have the following stracture:

© erwmeprv ey,

where x, is a fixed state effect, J, is a fixed industry effect, v, is a fixed year effect, and 7, is an
ii.d. random variable with mean zero and variance ¢°. The alternative to fixed effects is random
effects. Random-effects estimation imposes the assumption that the clements of €, arc

uncorrelated across states, industries, and years, Recall that not all industries are present in all

states. The unbalanced panel is due not to a lack of data on these industries but to an equilibrium

* Indeed, assembly plants are the vehicle through which many women enter Mexico's manufacturing labor force.
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process that allocates industries across states, That a givea industry has zero employment in a
state reflects the combined idiosyncratic characteristics of the state and the industry, which
implies there is little basis for assuming that state effects and industry effects are uncorrelated.
In this case, fixed-effects estimation is the more prudent approach.

The regression equation I estimate has the structure of (4), in which I have in effect taken
deviations from industry weighted averages. Taking weighted-average deviations creates an error

term with the following structure:

o ‘p‘En"l""f“'v"c"‘t'f"’n":"-'f"’u':*“a‘?"‘n“v

® =%~ Zogx, ¢ Ny - Logny
where @, is state-industry s sharc of national-industry j's employment. Taking deviations
eliminates industry and year effects, but leaves state effects and a random error term which has
zero mean but is no longer spherical® The second right-hand-side term in (7) varies across
industries if relative state employment shares vary across industries (which we know from the
last section is true), introducing a new industry effect into the regression.

One approach s to take deviations from state and industry means, which would eliminate
all fixed effects. The problem with this is that two my regressors, relative transport costs and
relative industrial diversity, vary little across industries within a state. Taking deviations from
state means would virtually eliminate these variables from the regression. Instead, I estimate the
model in the form of equation (5), and I run each regression twice, first without controlling for

fixed effects and then including state and industry dummy variables. Given the large number of

3 The random error term T, - £,00,4M,, has mean zero and variance o(! - £,w,,’). The variance differs across
industries if the sum of squared state employment shares differs across industries.
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observations in the sample, using dummy variables to control for fixed effects does not
substantially reduce the degrees of freedom of the regression. I use White's correction to obtain

heteroskedasticity-consistent standard errors.?

C. Estimatlon Results
C.1 The Pre-Reform Period (1980-1985)

Table 7 gives estimation results on relative employment growth for 1,151 observations
during the period 1980-1985. The regressions reported in the (a) columns do not include state
and industry dummies; those in the (b) columns do. Among the control variables, the relative
wage and the relative size of the female labor force are unrelated with relatve employment
growth. Relative employment growth is lower where relative establishment size is higher; in
eight of the twelve regressions the variable is negative and significant at the .05 level. This is
consistent with the idea that locations with relatively large firms are either the targets of union
organizing activity or its recent victims,

The most interesting results are for the agglomeration and distance variables. As
expected, prior to trade liberalization relative distance td the United States is unrelated with
relative employment growth. The coefficient on the variable is insignificant at the .05 level in
three of four regressions; where it is significant, it is positive. Distance to foreign markets does
not affect regional labor demand when firps produce for domestde markets,

Spillovers between firms in the same industry do not -appear to enhance growth. Relative

employment growth is lower where within-industry agglomeration is higher; the variable is

2 While I have prior information on the manner in which the varlance is likely to differ across indnstries, this
may not be the only source of heteroskedasticity in the regression. The White comrection is a general treatment.
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negative and significant at the .05 level in all regressions. The quantitative effect is not large,
From the results in column (6.b), a one standard deviation increase in within-industry
agglomeration (1.260) reduces annual average relative employment growth by 2.80 percent, or
one-¢ighth a standard deviation. -

Other types of agglomeration effects are positively related with growth. Reladve
employment growth is higher where related-industry agglomeration is higher; the variable is
positive and significant at the .01 level in all regressions. The quantitative effect is moderte,
From the results in column (6.b), a one standard deviation increase in related-industry
agglomeration (1.110) increases average annual relative employment growth by 4.72 percent, or
one-fourth a standard deviation. Industrial diversity is unrelated with relative employment
growth; the variable is significant in only one regression and in that case it is negative.

The results for relative employment growth during 1980-1985 suggest Mexico was
undergoing a spatial reallocation of employment even before trade liberalization. One explanation
is that firms anticipated trade reform and began to relocate their activities prior to its actual
initiation. This is inconsistent, however, with the fact that state industries close to the United
States did not grow more rapidly than other states. An alternative explanation is that Mexico's
manufacturing belt was beginning to sag under its own weight. The cities in the manufacturing
belt, and Mexico City in particular, grew to enormous size between 1950 and 1980. As in the
post-war United States, congestion costs and union militancy may have encouraged firms to move
their activities ont of established manufacturing regions. This is consistent with the fact that
relative establishment size is negatively related with growth. The results on related-industry

agglomeration suggest that while large industry centers in Mexico's manufacturing heartland were
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breaking apart, broadly specialized regional industrial complexes were developing elsewhere.

C.2 The Post-Reform Period (1985-1988)

Table 8 gives estimation results for 1,116 observations during the period 1985-1988, The
most striking change from the results for 1980-1985 is that, as expected, relative employment
growth is lower in state-industries that are relatively distant from the United States; the variable
is negative and significant at the .05 leve! in three of four regressions.® This is consistent with
the hypothesis that with the opening of the Mexican economy firms have begun to shift their
activities towards the Mexico-U.S. border, where they enjoy relatively low-cost access to the U.S.
market. The quantitative effect of distance is not large, however. From the results in column
(6.b), & one standard deviation increase in relative distance (1.344) reduces average annual
relative employment growth by 3.10 percent, which is one-ninth a standard deviation.

There no longer appears to be a ncgative relation between within-industry agglomeration
and growth; the coefficient on the variable is negative and significant in only one of four
regressions. It remains true that relative employment growth is higher where related-industry
agglomeration is higher; the coefficient on the variable is positive and significant at the .01 Ievel
in al! regressions. The findings remain consistent with the idea that Mexico is developing broadly
specialized regional industrial centers, The results on distance suggest the most favored industry
centers are those relatively close to the United States. |

Another change from the previous results is that relative employment growth is higher

D As was mentioned carlier, relative distance does not vary greatly across industries within a state. This implics
there is multicollinearity between relative distance and state dummy variables. It is not surprising, then, that whea
stats dummies ars incloded in the regression the coefficient on relative distance is not always significant.
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where the n:lﬁtive size of the female labor force is higher; the variable is positive and significant
at the .01 level in all regressions. This is consistent with the idea that since trade reform
Mexican firms are converting to asscmbly-type activities, which are relatively intensive in the use
of female labor. As before, the relative wage and relative industrial diversity are unrelated with
growth. The results on relative establishment size are more consistent than in the previous
sample; the coefficient is negative and significant at the .01 level in all regressions.
Comparing Tables 7 and 8, it appears that after trade liberalization there was a structural
break in the pattern of regional labor demand, which would be consistent with the theories
presented in section two. To formally test this hypothesis, I combine observations from the two
samples and reestimate the regression. If trade liberalization has indeed caused a structural break,
the regression cocfficients on the period after 1985 will differ from those before 1985. Table 9
shows results from pooled regressions.? In all regressions I reject the hypothesis that regression
coefficients are the same in both periods at the .01 level. The results on individual coefficients
confirm the preceding results: after 1985, the negative effect of relative distance to the U.S. is
larger, the positive effect of the female share of the labor force is larger, and the negative effect

of relative establishment size is larger.

C.3 Sensitivity Analysis
To check the robustness of my findings, I re-estimate the regression equation, imposing
a number of restrictions on the sample. One possibility is that the results are driven by the

decomposition of the Mexico City manufacturing belt, and that in outlying regions the

* year8S is a dummy variable that tskes a value of one if the year is 1985 (the alternative being 1980).
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agglomeration and distance effects evident in Tables 7-9 do not exist. To verify this is not the
case, I drop state industries in the Mexico City region from the sample, which in the pooled
sample reduces the number of observations from 2,267 to 2,080. Table 10 gives the results.
Coefficient magnitudes and patterns of significance are virtually identical to those in the
corresponding columns of Table 9. |

A second possibility is that the results are driven by regional variation in adjustment to
Mexico's stabilization policies in the late 1980's. Real GDP in Mexico fell by 4,36 percent in
1986, and rose by 1.92 percent in 1987 and 4.10 percent in 1988. Due to the presence of the
maquiladora industry, states along the Mexico-U.S. border, where special enterprise zones where
concentrated, were oriented towards export production before trade liberalization. Producers in
interior states may have suffered a large fall in demand for their goods relative to border
producers during the period 1985-1988 due to the fact that they were primarily oriented towards
production for the domestic market. What appears to be a northern shift in regional labor
demand after trade reform may only have been the uneven effects of Mexico's stabilization
policies. To verify this is not the case, I drop industries in the Border region from the sample,
which in the pooled sample reduces the number of observations from 2,267 10 1,823. Table 11
gives the results, Again, cocfficient magnitudes and pattems of significance are virtually identical
to those in the corresponding columns of Table 9.

So far, I have pooled all industries together. This imposes the assumption that distance
and agglomeration matter equally for all industries. Casual observation suggests this is not the
case. Some industries produce goods that are not widely traded across regions or that are

intensive in the use of relatively immobile inputs. Dropping these industries from the regression
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should only strengthen the results. The industries I exclude are food products (ISIC 31), paper
and printing (ISIC 34), non-metallic minerals (ISIC 36), and basic metals (ISIC 37). Many food
products, such as bread, beverages, and meat, are perishable or have low value-to-weight ratios
and therefore costly to transport. Firms that produce these goods tend to locate near lerge
population centers. The production of paper, non-metallic minerals, and basic metals is relatively
intensive in the use of inputs with relatively high transport costs. The remaining industries -
textiles and apparel, wood products, chemicals, metal products, and other industries —~ arc
relatively intensive in the use of relatively mobile resources. Table 12 gives the results.
Dropping the four industries reduces the number of observations in the pooled sample from 2,267
to 1,334, Again, the results are virtnally identical to those in Table 9.%

D. Discusslon

The empirical results describe the general features of the post-trade parttern of industry
location that is emerging in Mexico. Since trade reform, there has been an overall northward
shift in the location of manufacturing activities. Mexico's closed-economy manufacturing belt
is breaking apart, or at least diminishing in relative importance, as firms relocate their activities
to regions with better access to the U.S. market. The implementation of the North American Free
Trade Agreement will further improve Mexico's access to the U.S. market, which is likely to
reinforce firms' motivation to be near the United States.

Accompanying industry relocation is a change in the composition of Mexico's industry

B In a separate set of regressions, whose results I do not report in the paper, I allow the coefficient on relzdve
distance to vary across two-digit industries, For both 1980-1985 and 1985-1988, I fail to reject the hypothesis that
distance effects are constant across industries at the .05 level,

29




centers. The empirical results are consistent with the hypothesis that broadly specialized regional
industrial centers are replacing the dense concentrations of industries that dominated the Mexican
landscape under the closed economy. The shift involves both a spatial decentralization of
employment and 2 lessening of regional specialization. The fact that agglomeration is positively
related with growth is consistent with the existence of nonpecuniary agglomeration economies.
It appears the breakup of the Mexico City manufacturing belt was underway before 1985, and
hence cannot be entirely attributed to trade liberalization. Changes in tax policy, transport costs,
union-organizing activities, and cumulative congestion effects are all candidate explanations.

IV. Concluding Remarks

This paper studies the regional effects of trade liberalization. I focus on the opposing
forces of transport costs, which encourzge firms to relocate to regions with relatively good access
to foreign markets, and agglomeration economies, which encourage the growth of closed-economy
industry centers. The particular case I consider is state-industry employment growth in Mexico
before and after trade reform. Consistent with the transport-costs hypothesis, employment growth
after trade reform is higher in regions that are relatively close to the United States, which is the
major foreign market for Mexican producers. Certain types of agglomeration matter for growth.
Employment growth is higher in state-industries with large agglomerations of firms in upstream
and downstream industries; the agglomeration of firms in the same industry is negatively related
with growth. Together, the results describe the decomposition of the Mexico City manufacturing
belt and the creation of smaller, broadly specialized industry centers in Mexico's north.

In the last fifteen years, there have been dozens of episodes of trade liberalization in the
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developing world and the formerly communist countrics.r The regional effects of reform have
received scant attention. My results suggest that regions differ greatly in the manner in which
t_hcy adjust to trade. Industry relocation creates additional adjustment costs that policy makers
often ignore in planning how to accommodate the opening of the economy. More generally, my
results support the idea that with economic integration national identities are descendent and
regional identities are ascendent. As NAFTA further integrates Mexico into the North American
economy, the tics between northern Mexico and the southwestern United States will strengthen
and those between nort.hcx?t and southern Mexico will weaken. In such a world it increasingly

makes sense to make regions, rather than nations, the unit of analysis in international trade.
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Table 1:
Average Tariffs and Import-License Requirements by Two-Dlgit Industry, 1984-199¢

(percent)

Industry 1984 1985 1986 1987 1988 1989 1990
(ISIC)
Food t 429 454 321 229 14.8 15.8 16.2
Products q | 100.0 80.1 62.2 333 20.8 20.6 16.8
Textiles, t 38.6 432 40.4 26.6 16.8 16.6 16.7
Apparel q | 929 66.8 38.0 311 2.8 1.1 1.0
Wood t 473 48.5 449 29.9 17.7 17.6 17.8
Pmducts q | 100.0 75.6 25.7 0.0 0.0 0.0 0.0
Paper, t | 337 36.5 348 237 7.7 10.1 2.9
Printing q | 967 54.1 112 9.5 34 4.1 0.0
Chemicals t 29.1 299 27.0 20.5 13.4 14.3 144

q | 857 54.0 21.1 438 0.0 0.0 0.0
Basic Metals |t | 37.1 38.5 33.8 224 13.8 143 14.3

q | 990 53.1 52 0.0 0.0 0.0 0.0
Non-Metallic | ¢ 13.6 16.7 18.4 13.8 7.9 11.0 11.0
Minerals q| 933 47.4 0.0 0.0 0.0 0.0 0.0
Metal t 43.1 46.3 30.0 20.8 14.1 15.9 16.1
Products q | 907 74.8 54.7 514 42.7 441 44.1
Other t 409 429 40.5 27.5 17.1 18.1 184
Industries q | 1000 | 50.0 0.0 0.0 0.0 0.0 0.0

t = Average tariff rate. q = Average share of production subject to import-license requirements.
Source: Unpublished data, Mexican Ministry of Trade and Industrial Promotion.
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Table 2: Manufacturing Employment Growth by Two-Digit Industry, 1980-1985

Average Annual Employment Growth (%)
Industry 1980-1985 1985-1988
All Manufacturing 3.34 -0.75
Food Products 3.03 0.09
Textiles, Apparel 1.66 221
Wood Products 6.10 1.24
Paper, Printing 1.46 0.49
Chemicals 8.34 -7.40
Non-meratlic Minerals n -0.24
Basic Metals 4.42 -8.78
Metal Products 2.20 0.60
Other Industries -7.06 595

Source: Author’s calculations based on data from Censo Industrial, various years.
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Table 3: Reglonal Shares of National Employment by Two-Diglt Industry, 1980 and 1988
{figures in percentages)

Regional Share of National Employment, 1980 | Regional Share of National Employment, 1988

Industry Border | North | Center | Mex. South | Border | North | Center | Mex. South
All Manufacturing | 2095 523 2548 | MM 389 2821 6.78 2726 | 3317 458

Food Products 17,710 | 1059 3392 | 870 9.10 1851 10.81 523 | 564 9.81

Texiiles, Apparel 1129 498 3512 | 4392 469 18.04 758 3308 | 3361 2468

Wood Products 19.18 14.65 2030 | 3690 897 2572 | 1703 | 24856 | 2082 11.78
Paper, Printing 1389 361 1347 | 65.14 is 1897 6,04 16,10 | 5425 464
Chemicals 1459 178 26.31 5573 160 1656 L7 3107 | 4575 4385

Non-met. Minerals | 32.08 529 2385 3455 424 K} ) 6.60 2960 | 26.11 5391

Basic Metals 4922 252 1840 | 2982 0.05 4008 7.18 2345 | .13 0.15
Metal Products 2690 276 1890 | 5071 0.73 4602 4.16 1688 | 3201 092
Other Industries 1561 035 1306 | 69.19 128 3056 167 896 35.11 270

Source: Author’s calculations based oa data from Censo Industrial, vasious years.
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Table 4: Average Annual Relative Employment Growih by Reglon and Two-Digit Industry, 1980-1988

Relative Employment Growth (%), 1980-1985 Relative Employment Growth (%), 1985-1988
Industory Border | North | Center | Mex, | South | Border | Narth | Center | Mex, | South
All Manufacturing 20 3s8 308 -3.76 033 .| 653 2.10 282 -3A8 487

Food Products 127 | 117 | 009 | 156 | 034 | 083 | 224 | w11 | <126 | 308

Textiles, Apparel 234 156 17 -349 | 6489 1.4 809 | 258 300 | 7.4

Wood Products 430 | 4725 | 073 | 480 | 340 | 261 | 289 | sss | -1 | 1476
Paper, Printing 2.78 638 590 | -247 | 253 519 65¢ | 388 | -198 997
Chemicals 027 | 199 | 697 | 449 | 1342 | 468 | 395 | 608 | 1: | unm

Non-met. Minerals | -228 228 3834 -4.00 4.18 347 362 253 -267 4.15

Basic Mctals -194 15.64 394 040 4008 | -028 | 834 147 Q.11 | -2755
Metal Products 488 7173 1.74 <.79 7.69 91 0.75 -6.66 <135 <491
Other Industries 743 1682 4.11 -127 1042 999 999 262 -5A7 753

Source: Author's calculatons based on data from Ceaso Industrial, various ycars
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Table 5: Variable definitions

)] Relative employment growth L) -toly) ~ (L) - Iniz,)]
REM,
Relative wa, (.
) ve wage m’]dfnr,
' EST,
Relative establishment size In(
&) ve es ﬂf-,lﬁ‘l‘}!)
(4) Relative female share of labor force u%lﬂr;l)
(5) Within-industry agglomeration h(fﬁy:-)
(6) Related-industry agglomeration H_LLDIEE)I,
Iy/Ly
Relative industrial diversi g )
9 Ve us ty | E(i uw
T,
Relati ts 8
® ve transport cos h(?u'r,)
¢ = initial period.
S = final period.
{ = state,
J = four-digit industry.

k = two-digit industry (to which j belongs).

L = employment.

REM = total renmnerations.

T, = distance in kilometers from capital of state i to U.S. border.
O =Lyl

FEL = female employment.

EST = number of establishments,
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Table 6: Varlable Means and Standard Errors

1980-1985 1985-1988
Variable {cbservations = 1,151) | (observations = 1,116)
(all variables are logs)

Mean Std, Err. Mean Std. Err,
Relative employment growth 013 182 004 276
Relative wage -514 589 -431 £56
Relative establishment size -468 1112 -397 1.042
Relative female labor force -204 735 212 Jq35
Within-industry agglomeration -353 1260 182 988
Related-industry agglomeration 221 1110 -325 1.185
Relative industrial diversity 965 A39 915 A20
Relative distancs to U.S, -382 1342 =357 1344




Table 7t Regression Results on Stste-Industry Relative Employment Growth, 1980-1985

Variables | (1.a) (1b) a) 2b) (3a) | Ab {42) (4d) (52) (5b) (62) {6.b)

Relative D032 ] 0015 | -0024 | 0005 -0055 | -0045 | 0032 | 0019 | 0026 | .0015 | -0048 | ..0029
wage (0103) | (0122) | (0101) | (0119) | €0097) | (.0114) | (0107) | (0121) | (0103) | (0122) | (0101) | (D114)

Reftative | -0491* | -0582* | -.0145 | -0184 ) -0176* | -0222° | -0491* | -0601° | -0408* | -0582 | -0101 | -0125
::zl:blish. (0075) | (0079) | (0092) | (0112) § (0081) | (0093) | (0077 | (0083) | (0075) | (0080) | (0093) | (0109)

Relative 0105 | 0102 | 0071 0092 0003 | 0029 |.0105 | 0103 | .0095 0102 | 0015 | 0045
feenale (.0081) | (0081) | (00BG) | (0079) | (0079) | (0080) | (0082) | (0081) | (0082) | (0081) | (007%) | (0079)

labor

Within- -p4t4* | -0419° ' -o149* | -0222
indpstry (0062) | (.0079) (0074) | (.0096)
agglom,

Related- 0513* | .0504* D422 | 04925*
industry (D064) | (D070) (0078) | (.0082)
agglom.

Relative 0007 | .p4a14 - | 007 | a2t
industrial (0127) § (0287) {0123} | (£290)
diversity

Relative -0046 0107 | 0011 0223
distance (0045} | (0101) | (O045) { (009T)
wUSs.

Fixed no yes no yes no yes no yea no yes no yes
effects

Adj. R? 084 .151 J26 AT7 149 200 083 151 084 151 151 208

No. obs, | 1151 1151 1151 1151 1151 1151 1151 1151 1151 1151 1151 1151
* Indicates significance at ihe .05 Jevel. * Indicawes significance st the 01 Jevel.  Hetcroskedasticity-consistent standard errors in parcntheses,
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Table 81 Regression Results on Stats-Industry Relative Employment Growth, 1985-1938

42

Variables | (1) abn | Qe @b | Ga Gb) | Ga) | 4b) | (5a) (5b) | (63) | (6b)

Relative | 0239 0285 0213 |76 |0176 | 0227 | 0246 | 0304 | 0175 | ooas D140 | 0247

wage (0166) | (O195) | (0169) | (O198) | (0171) | (.0209) (0170) | (0195) | (0167) | (0195) | (0174) | (0209)

Reladve | -0797° | -1040% | -0605* | -0868 | -0542* | -0724* | -0795* | -a0m | -0838° | - 1040 -D677* | -0814°

esuablish. | (0134) | (.0139) | (0144) | (0189) | (0133) (N61) | (0134) | (0144) | (0134) | (0139) | (0141) (0193)

size .

Relaive | 0814" | 0690 | .0781* | .0650* | .0722* | 0636 | .0s18* | .0695° | oroe® | osoor 0638* | 0635

femals (0159) | (0158) | (0160) | (0158) | (0160) (0159) | (0160) | (0158) | (O160) | (0158) | (o161) (0159)

labor

Within. -0234* | -m77 0151 | 0088

industry (0100) | (0132) (0112) | (0145)

agglom,

Relaed- D445 | 0463* 0485* | 0514°

industry (0132) | (.0136) (0153) | (DM

agglom,

Relative L0070 - 0551 0150 -0649

industrial (0171) | (0533) (.0169) | (0578)

diversily

Relative -0341° | -0303* | -0332* | -0230

distance (0062} | (0131) | (0062) | (D137)

to US.

Fixed no yes no yes ng yes no yes no yes o yes

effects

Adj. R? 104 A74 .108 175 120 189 103 14 129 A74 142 189

No, obs. 1116 1116 1116 1116 1116 1116 1116 1116 1116 1116 1116 1116
Tndicaies sigmhicance a1 the 03 Jovel. " Tndicass significance ai the Ol level.  Heieroskedasticity-consisicnt standard ¢ror in




Table 9: Regression Reselts on Pooled Sample

Variable (l.a) (1.b) (2a) @b
Relative wage 0055 0033 -.0054 -0016
(0102) (.0120) (G onn
Relative establishment | -0492* -D680 -0094 -0224
siza (.0076) 0081) (.0092) [GHI]
Relative female labor K113} 0061 0013 0027
force (0081) {0087 (.0080) {.0083)
Within-indusery - 0140 -0152
agglomeration (.0074) {.0091)
Related-industry 0424 Da41*
agglomeration (.0078) (0082)
Relative industrial D145 -0243
diversity [GHD) (0218)
Relative distance 1o U.S. 0006 0296
: (.0044) (.1202)
Relative wage®year85 n1e2 0211 0202 N 72.03
{0179 {0186) {.0202) (0197)
Retative establishment | -.0305 - -0584* -0558"
size®year85 (0154) (0146) (0169) (.0170)
Relative female labor 0696* 0668* 0626 D504
foree*year8$ o (0172 (0180) (0173)
Within-industry 0300 0258
agglomeration*year85 (0134) (0132)
Related-industry 0058 D069
agglomeration*year85 (.0173) (0164)
Relative industrial -0070 -0011
diversity*years 0123) (0223)
Relative distance to -3 -0340%
US.*year8S$ (0075) 0019
Fstatistic on year85 578" 5T 585 577
coeflicients
Fixed effects no yes no yes
Adjusted R? 098 136 1 .48 169
Number of gbservetions | 2267 2267 267 267
Fladicaics signilicance at the .05 Tevel. ¥ Indicaics Sgnilcance ar ihe DT Teusl Heteroskedasticity-consistent

standard exrors in parentheses. year85 is 2 dummy variable that wkes a valve of one if the year is 1985,
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Table 10: Regression Resvlts Excluding Mexico Clty Reglon

Heteroskedasticity-consistent mndard eror in parentheses.

Variable (1.a) (Lb) (2a) (2b)
Relative wage 0138 0050 0013 0011
(0114) (0133) (0113) (0129)
Relative -0513* -0688* -0087 -0212
establishment size (.0030) (:0084) (0097 (.0115)
Relative female 0138 0079 0029 0046
labor force (.0084) (.0039) (.0082) (.0086)
Within-industry -0162* -015%
agglomeration (007D (.0099)
Related-industry D445 D464°
agplomeration (.0080) (.0085)
Relative indunstrial 0105 -0155
diversity (0123) (.0230)
Relative distance D017 0349
to US. (0045 (.1278)
Relative 0163 0272 0215 £256
wage*year35 (.0188) (.0196) 0212y (0205)
Relative establish, -0334* -0356* -.0650 -De22*
size*year85 (.0161) 0150y (0176) (0177)
Relative female o3 H7ok 0670 D0646°
labor force*year85 (.0182) 0177 (.0184) o™
Within-industry ag- 0303 0247
glomeration®yeard§ (.0140) (.0140)
Related-industry ag- 0002 L0009
glomeration*year85 (0175 (0167)
Relative industrial -0057 -.0063
diversity*year8$5 (0126) (0246)
Relative distance -0328* -0332"
U.S.*yearBs (0075) (0076)
Fostatistic on year8S | 6.03* 642 606 5.04*
cocfficients
Fixed effects no yes no yes
Adjusted R? 104 146 151 178
No. of observations | 2080 2080 2080 2080
Todicales Sgniicance al veL T Indicates signilicance at (he 01 Tovel.




~ Table 11: Regression Results Excluding Border Reglon

Variable (1) (1.b) {2.2) {2.b)
Relative wage 0029 053 -0088 -0039
(.0108) (.0128) {0116) (.0123)
Relative -0539* -0768" -0164 -295
establishment size (.0082) (.0090) (.0099) (.0119)
Relative female 0073 0013 -0017 -0012
labor force (.0090) (0098} (.0087) (.0094)
Within-industry -0182* -0213
agglomeration (.0081) (.0102)
Related-indostry 0362* 0375*
agglomeration (.0084) (.0089)
Relative industrial -0083 -0388
diversity (0119) (0229)
Relative distance . 0053 0046
o US. (.0073) (1417
Relative 0102 0120 0177 o9
wage*year8S (019%) (.0200) (0220) (.0214)
Relative establish, -0261 -0256 -0476 -0452
size*yeer8S (0174) (.0163) (0187) (.0189)
Relative female 0703 D670 063g* 0613*
labor forca*year8S (.0202) (.0198) (0205) (0201)
Within-industry ag- 0186 0191
glomeration*ycer85 (.0196) {.0186)
Related-industry ag- 03200 0264
glomeraton*year8s (.0148) (0148)
Relative industrial | oocz | -0065
diversity*year85 (.0138) (.0250)
Relative distance to -0523 -ps18
U.S.*yeards (012%) (.0122)
Fstatistic on yearBS | 438 412 481* 465
coefficients
Fixed effects no yes no yes
Adjusted R? 106 146 .158 183
No. of cbservations | 1823 1823 1823 1823
Tndicates signilicance at e 403 ¥ Indicates signilicance at the .0} level. -

Heteroskedasticity-consistent standard error in parentheses.
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Table 12: Regression Results on Selected Industries”

Variable (2.2) (2.b) (2.2) {2.b)
Relative wage 0095 -0042 -0164 -0171
(0172) (.0215) (0174) (.0206)
Relative - D540 -0775* -0055 -0234
establishment size 0109 (0114) (.0140) (0167
Relagve female 0141 =0001 -0017 -00353
labor force (0111) (0117 (.0106) 0110)
Within-industry -0246* -0217
agglomeration (0118) (.0133)
Related-industry 0392* 0407
agglomeration (0109 (.0112)
Relative industrial -0032 -0476
diversity (0180} (0339
Relative distance - 0047 0238
to US, (.0065) (.1398)
Relative -0083 0054 0076 0182
wage*year85 (.0280) (0304) (0306) (0314)
Relative establish, - 0192 -0263 -0666" -[700%
size*year85S (.0208) {0193) (0239) (.0242)
Relative females 0785* 0736" 0695* L0690
Iabor force®year8S (.0211) (0212) (.0211) (.0213)
Within-industry ag- 04440 437
glomeratdon®year85 (.0214) (0212)
Related-industry ag- 0042 0055
glomeraton®*year3s (.0228) (.0219)
Relative industrial -0064 0142
diversity*year85 (:0195) (0350)
Relative distance to -0400* -0415*
U.S.*year8s (.0110) (.0109)
P-statistic on year85 | 4.67 428+ 439* 438"
coefTicients
Fixed effects no yes no yes
Adjusied R? 097 a4 152 169
No. of observations | 1334 1334 134 1334
Tndicalcs signilicance at the .03 level. ¥ Indicaies signiicance at the .01 1eve

| Heteroskedasticity-

consistent standard error in parentheses, * Excloded industries are ISIC 31, 34, 36, and 37.

46




