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A Structural County-Level Model of Human Capital Investment
and Manufacturing Sector Change: 1980—90

Introduction

Manufacturing job losses have been widespread in many regions of the U.S. and Europe.! In
the U.S,, manufacturing employment has gradually shifted from the Midwest and Northeast manufac-
turing belt to the South, and from there to off-shore destinations, as firms sought low-wage locations.
Similarly, many high-wage European countries have lost--and continue to lose—-manufacturing jobs.
Perhaps ironically, some of these jobs were re-located to the U.S., as illustrated recently by
automakers BMW and Mercedes.

Manufacturing activity is a critical measure for many state and local public decision-makers,
because it is seen as one of the few bona fide sources of economic wealth creation. The question
arises, is it possible for state and county governments to reduce recent manufacturing losses by raising
worker productivity through greater investment in formal education, or do increases in educational
attainment lead to accelerated manufacturing job loss via higher labor productivity? F&rther, what is
the effect of increased human capital accumulation in a couhty on manufacturing earnings as a
measure of worker productivity, and are more rapid earnings increases associated with higher rates of
investment in human capital?

~ The objective of this paper is to empirically examine the relationship between changes in per
capita manufacturing employment, manufacturing earnings per worker and human capital investment
in nearly 3,000 U.S. counties over the period 1980-90. Two key hypotheses are tested:

1. Communities in which residents invested more heav’iiy in human capital (formal

education) in the 1980s were in a better position to stem the erosion of manufacturing

jobs, and experienced more rapid increases in manufacturing earnings per worker.

2. Communities in which manufacturing jobs and earnings per worker both increased

invested more heavily in human capital, ceteris paribus.

These hypotheses address the questions of whether the sectoral composition of the local economy (in
this case with an emphasis on manufacturing) affects per worker earnings growth and investment in

human capital, and whether investment in human capital in turn affects the economy’s sectoral

'According to U.S. Commerce Department statistics, 20,776,600 workers were employed in manufacturing in
1980, compared with 19,755,600 workers in 1990.



composition and earnings growth. Therefore, this paper attempts to synthesize three separate and
largely independent literatures, dealing with manufacturing job growth, earnings growth and human

capital accumulation.

Model Specification

The structural model consists of three endogenous variables —(a) human capital accumulation,
(&) change in manufacturing jobs per capita and (¢) growth in manufacturing earnings per job. Since
no consensus on a theoretical framework exists in the literature for specifying these equations,

previous empirical studies are used to guide the equation specification.

Specification of the Manufacturing Employment Growth Equation
During the past few decades, the shift of manufacturing from the North to the South and the

West has motivated numerous studies on the determinants of U.S. employment growth. Using state-
level data from 1947 to 1963 and a step-wise correlation analysis, Wheat (1973) found that market
access, climate, labor, level of economic development, resources, and urban status were key
determinants of manufacturing employment growth.

Following Wheat, Plaut and Pluta (1983) regressed employment growth on different measures
of economic conditions and climate, and identified a different set of significant explanatory variables.
Wheat (1987) found a few changes in the ranking of important explanatory variables when he
repeated his earlier study using 1963;77 data, For example, he found that urban attraction had turned
to rural attraction. Newman (1983) used data at both industry and state levels to study industrial
employment growth differentials between southern states and national averages. His regressors
included changes in corporate tax rates and unionized worker shares between 1957 and 1973, as well
as business climate (measured by right-to-work laws).

Unlike previous researchers, Carlino and Mills (1985, 1987) examined simultaneous growth
/in employment and population using county-level data, which provided a large cross-sectional sample.
Educational attainment was found to have a negative (but insignificant) influence on manufacturing
employment growth in the 1985 paper, while the effect of interstate highway access was positive. In
addition, Carlino and Mills analyzed both direct and indirect effects of public policy variables using
their simultaneous equations. A more recent study is by Crandall (1993), who used state-level data
from 1967 to 1989. Starting with an initial employment equilibrium, he analyzed employment growth

rates over time with regressors measured in the initial year.



Based on these previous studies of determinants of manufacturing employment growth, a
linear equation with regressors measured at initial levels is specified. Change in manufacturing

employment per capita between 1980 and 1990, AN, is:

AN = ayy + ayN, + apH, + a W, + I'S; + u, ()

where N, H,, and W, are manufacturing employment per capita, educational attainment, and manu-
facturing earnings per worker in 1980, respectively; S, is a set of regressors representing control
variables and other relevant social-economic variables; @y, ... a,, and T' are parameters to be
estimated; and u, is a random disturbance.

S-variables were selected based on previous studies: metropolitan (METR) and rural (RURL)
indicator variables control for urbanization effects;? interstate highway exits per county (HIWY)
measure transportation infrastructure access for shipping goods; per capita highway spending (fIIXP)
is a proxy for local public-sector investment; land per capita (LAND) captures the potential to expand
manufacturing facilities (Plaut and Pluta, 1983); a state-level corporate tax capacity index (CTXC)
reflects whether manufacturers are deterred from locating in a state; and state-level unionization rates

(UNIN) and an indicator variable for right-to-work laws (RTWL) measure business climate.

Specification of the Human Capital Growth Eqguation

Previous studies on human capital accumulation used output and initial educational attainment
as regressors (e.g., Mankiw, Romer and Weil, 1992; Jones, 1995; Goetz and Ready, 1995; Goetz and
Hu, 1996). We again assume a linear refationship exists among the variables, and include a vector of

explanatory variables, denoted by . Change in educational attainment, AH, is:
AH = ay + ayNy+ anpHy+ axyW, + 8T+ u, )

where ay, ..., @, and © are parameters to be estimated, and u, is a random disturbance.
Our choice of T-variables is again based on previous studies, most of which are based on
surveys of individuals. Variables such as gender, number of siblings, educational attainment of

parents, income, region of residence in the U.S. (Cameron and Heckman, 1993); household head age

'Based on the USDA’s Beale code; the excluded category consists of counties having one or more places with
at Jeast 2,500 residents but which are not considered to be metropolitan areas.
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and occupation and home ownership (Hauser, 1993); and unemployment rates, wages and city
population (Cohn and Hughes, 1994) have all been found to influence college atte_mi:».mc‘e.3

In addition to METR and RURL (which measure impacts of city size), we include as regres-
sors the rate of unemployment (UNEM); per capita taxes raised locally (TAXL, for which a negative
sign is expected according to Nerlove er al., 1993); average size of family (FAMS); home ownership
status (HOWN); and the share of professional employment in the local work (PROF). Katz (1992)
argues that so-called "neighborhood effects” influence an individual’s economic decisions. We
hypothesize that children living in communities with a high proportion of employment in the profes-
sions are more likely to invest in higher education, as they observe positive net returns to education
earned by professionals. In addition, workers in professioﬁal occupations are more likely to persuade

their own children to invest heavily in formal schooling.

Specification of the Earning Eguation

Slichter’s 1950 study of determinants of earnings (or wage) growth used plant-level data, He
found that unskilled male workers’ earnings were positively correlated with skilled workers’ wages,
value added per worker, the value product of Iabor and firms’ profits as a proportion of sales, but
negatively related to the share of female employment. Using industry-level data, Brown (1962) found
wages were positively correlated with firm concentration ratios and employment per firm. Earlier
research also suggests that firm size positively affect earnings, due to principal-agent problems (e.g.,
Kraybill, Yoder and McNamara, 1991). In explaining regional wage differentials in the U.S., Scully
(1969) found that human capital had a statistically significant positive effect on wages. Initial levels
of earnings were reported to have a depressing effect on subsequent earnings growth by De Menil
(1971) and Tylecote (1975).

Additional explanatory variables were introduced into empirical analyses of wage determinants
since the 1980s. Pugel’s (1980) cross-sectional regression revealed significant positive effects of
skills and the share of workers of prime working age on hourly earnings, and negative influences of
shares of workers that are from a mipority group, unionized, and located in the South. More recent-
ly, Hyclak and Johns (1992) reported that right-to-work laws positively affected wage flexibility, and
hence negatively affect earnings. In addition, Coelho and Ghali (1971), Bellante (1979) and Roback

These studies use data from the National Longitudinal Survey of Youth; Current Population Survey; and Panel
Study of Income Dynamics, respectively.




(1988) showed that costs of living are important determinants of inter-regional wage differentials.
Carruth and Oswald’s (1989) empirical results for Britain also show a significant positive relationship
between housing prices and wages.

Based on these previous studies, we define a linear function of growth in manufacturing

earnings per worker, AW, as:
AW = gy + ayNo+ apHy+ oW, + Y4+ u, 3

where dy, ..., @5, and ¥ are parameters to estimated, and i, is a random disturbance. Based on the
review above, Z-variables include median age (MAGE), employment per firm (EPFM), populations
shares of African-americans (A4P0) and Hispanic origin (HSPO), and housing costs (HCST).*
Manufacturing data represent full- and part-time jobs and earnings, and are from the Regional
Economic Information System of the U.S. Dept. of Commerce. The other county-level regressors are
from the U.S. County CD ROM disk issued by the Department of Commerce (U.S. Census data), or
from the USDA (for the Beale code). Due to disclosure rules it was not possible to include all U.S.

counties in the analysis (a problem aiso encountered by Carlino and Mills).

Discussion of Results

OLS Regressions

Equations (1), (2) and (3) are initially estimated using OLS (Table 1). Statistically significant
relationships between the endogenous (growth) variables and their initial levels are shown in Figure 1.
As expected, counties with higher initial levels of educational attainment had greater increases in
earnings per worker during the past decade. Also, counties with higher per worker earnings had
lower manufacturing employment growth rates. Convergence acrosé counties is observed both in
educational attainment and in per capita manufacturing employment, but not in earnings, and initial
manufacturing employment per capita had a positive effect on educational attainment and per worker
earnings growth. However, as was true in Carlino and Mills (1985), the coefficient estimate for

initial educational attainments is negative in the equation for manufacturing employment growth. This

*These are calculated as an "average of median selected monthly owner costs of specified owner-occupied non-
condominium housing units with a morigage” and "median gross rent of specified renter-occupied housing units
paying cash rent" (source: as defined by U.S. Dept. of Commerce, on USA County CD ROM Disk, 1994).
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suggests that greater investment in skills was unable to stem the erosion of manufacturing jobs
between 1980 and 1990. This issue is analyzed in more detail below.

Most of the statistically significant exogenous variables have expected signs. However, in
contrast with many previous studies, Table 1 reveals a positive effect of UNIN in the manufacturing
employment equation and positive effects of A4PO in the earnings-per-worker equation. Contradic-
tory effects of unionization on industrial productivity are discussed in Moomaw and Williams
(1991).°

Simultaneous Specification and 3SL.S Regression Results

Previous research on determinants of economic growth has largely been based on OLS esti-
mates of equations such as (1), (2) or (3) above. More specifically, effects of initial levels of
variables on the growth in manufaéturing employment, educational attainment and earnings per
worker have usually been studied independently. However, simultaneous equation bias is a potential-
ly serious problem in these specifications, as noted recently by Mankiw (1995) and Goetz and Hu
(1996). To illustrate, initial levels of both educational attainment and per worker earnings in equation
(1) are treated as exogenous. However, more rapid increases in educational attainment may have
been a function of earnings growth over the period studied, and vice versa.

Over a short time period (e.g., one year), the influences of endogenous variables may be neg-
ligible. Over a longer period, such as a decade, their influence can be considerable. For example,

Katz’s "neighborhood effect” is likely to be even stronger in a dynamic (as opposed to static) setting.

This leads to the following simultaneous equation specification:

AN = a,, + a, Nyt apHy+ a W+ I'Sy+ bo,AH 4+ b, AW + u, {4)
AH = gy + a,Nyt+ aptly+ a, W+ 0T+ b, AN + b, AW + u, ()]

AW = a + ayNy+ apHy+ aaW+ YZ,+ b, AN + b,AH + u, - ©

This system is estimated simultaneously using 3SLS (Table 2). Statistically significant relationships

among endogenous variables and their initial levels are shown in Figure 2.

SIn particular, Moomaw and Williams (p. 25) suggest that "entrenched unions decrease TFP [total factor
productivity] growth through various types of work rules and featherbedding, but that increasing levels of
unionization increase TEP growth because of improvement in morale and increased labor voice”.
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Differences in Effects of Initial Levels: Simultaneous vs. Reduced-Form Estimation

Compared with Figure 1, there are three important differences between the original (OLS)
and simultaneous (3SLS) specifications. First, as hypothesized, the effect of initial educational

attainment on growth in manufacturing employment is positive when simultaneity is imposed. This is

in contrast to the negative coefficient estimate obtained using OLS. Second, convergence is observed

in the 3SLS formulation for per worker earnings, but not for manufacturing employment. Third, the

statistically significant effect of initial manufacturing employment on each of the three growth

variables in the OLS model disappears in the 3SLS regressions.

To explain these differences, we first analyze the reduced-form estimators of the simultaneous

system, and then compare them with the 3SLS structural-form estimators. Denote;

1 -b, -b, AN

B=|-b, 1 -b, AY = | AH

by ~by, 1 AW
a, a, a, N, a, + T'S + u,
A=118y a, a3 |, Y, = | H R= | a,+OT+u,
Gy Ay Gy W, ay + Y2 + u,

Equations (4), (5) and (6) can be rewritten as:

BAY = AY, + R )
The reduced-form of this system is:
AY = B4 Y, + B'R ®)

and the reduced-form coefficient matrix of the initial endogenous variables is:



[ 1 - byby, byt byb, byt byby, a, 4, 4,
Il =B'4 = Té-T by + byby, 1 = byby,  by+ byby, Ay Gy Ay &
] by+ byby, byt byb, 1~ byb, Ay Ay Gy
Wy Wy Ty ]
= | ®y W, W,
Ty Ty Ty |
where
|Bl = 1= bbby — bbyby = bypby ~ byby — byby (10)

The effect of initial levels of educational attainment on manufacturing employment growth can

be analyzed using the reduced-form parameter:

7, = TLI [(1- boby) @y, + (by+ bub,) @y + (By+ buby) (11)
This parameter includes the direct initial effect, represented by ay,, and three indirect effects: the
interaction between AH and AW, the influence of H, on AN through AH, and the influence of H, on
AN through AW. In this particular case, the first effect is small, but the second and third indirect
effects are large and in the opposite direction, thereby offsetting the initial effect. The direct positive
effect of initial educational attainment on manufacturing employment is dominated by the negative in-
direct effects. As a result, with the reduced-form estimator we observe a negative comprehensive
effect which likely differs from the true direct effect of initial educational attainment on manufac-
turing employment growth.

A similar analysis can be used to explain differences in the impact of the initial level of a

variable on it subsequent change in the OLS as opposed to the 3SLS model. Convergence of per
worker earnings is measured by the coefficient on initial per worker earnings. The corresponding

parameter in the reduced form is:

1
s ™ TET [+ bybyy) ay + Byt byby) ay + (L - bby) ayl 12)

The first and second terms in the { }-brackets represent the indirect effects of W, on AW through AN,
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and of W, on AW through AH. The third term captures the direct initial effect represented by @,
and the interaction between AN and AH. Using the estimators of this particular problem, our calcula-
tions show that the effects of the second term and the interaction between AN and AH are negligible,
The effect of W, on AW through AN has almost the same magnitude as, but is in the opposite direc-
tion of a;. Consequently, the effect of convergence of per worker earnings is offset by the indirect
effects, and the estimator obtained in the reduced-form is not statistically significant.

The third difference in the OLS and 3SLS results involves the determinant, |B|, which indi-
cates the strength of interaction between growth variables in the system. So long as |B| =0, signs of
the reduced-form estimators are not changed. However, |B| affects the statistical significance of the

coefficient estimates. This can be shown using w,, as an example:

7, = "I%T [(1- byby) ayy + (Byy+ byby) ay + (bt byby) a,] W)
The estimate of a,, is not statistically significant. But, as a result of the reduced-form estimation, the
effect indicated by a,, is magnified when the first term in the brackets is multiplied by 1/|B}. The
smaller [B|, the greater this magnified effect. Here, |B| = 0.3003, and hence, 1/|B| = 3.33.
Note that a,, shows a considerable effect of initial manufacturing employment on its subsequent
growth, even though it is not statistically insignificant at the 0.10 level with a r-statistic of 1.53. In
the reduced-form estimation, the magnified effect of a,, affects not only the estimated effect of N, on
AN, but also that of N, on AH and of N, on AW,

Table 3 includes 3SLS reduced-form estimates of parameters of each endogenous variable at

initial levels in each equation. Comparing these results with the OLS regression results in Table I, it
is evident that the statistically significant OLS estimates of the initial endogenous variables have the

same sign as the corresponding 3SLS reduced-form coefficient estimate.

Concluding Remarks and Policy Implications

The results in Tables 1 and 2 lead to different policy recommendations for county-level
decision-makers seeking to stem the erosion of manufacturing jobs or attempting to re-industrialize
their economies. According to Figure 1, counties starting out with higher stocks of human capital in
1980 lost more (or gained fewer) manufacturing jobs in the subsequent decade than did counties
starting out with lower stocks, ceteris paribus. Thus, higher levels of formal skills in the county did

not prevent a loss of manufacturing jobs. Figure 2 provides more detail about the direct and indirect



effects involved in this process. More specifically, Figure 2 shows that if simultaneous changes in
earnings and human capital stocks during the 1980s are accounted for, higher initéal stocks of human
capital were, in fact, positively associated with employment growth. However, this positive effect
was more than offset by two counteracting forces: (1) counties with higher initial human capital stocks
invested less in additional education, which, in turn, depressed job growth: (2) counties with higher
initial human capital stocks experienced more rapid per manufacturing worker earnings growth, which
also served to stem job growth. Thus, the overall effect of higher human capital stocks on manufac-
turing job growth was negative. It is noteworthy that higher rates of growth in human capital were
associated with higher rates of manufacturing employment growth, ceteris paribus. 1t is not possible
to detect these subtle effects from Figure 1 or a single-equation analysis.

Another remarkable conclusion is that convergence of manufacturing employment per capita
across counties between 1980 and 1990 disappears once one allows for simultaneity between the endo-
genous variable. In Figure 2, initial levels of manufacturing employment per capita no longer have
an effect on employment growth, or on either of the two other growth variables. Conversely,
according to Figure 1, manufacturing earnings did not converge during the 1980s, suggesting that
manufacturers, on balance, failed to move jobs between counties to equalize workers® marginal value
products (assumed to be reflected in earnings per worker). However, Figure 2 reveals that earnings
per worker converged, as measured by the direct effects, after controlling for the other endogenous
variables. At the same time, counties with higher initial earnings experienced less rapid employment
growth (or more rapid losses), suggesting that manufacturers continued to shift employment out of
high-wage counties, in turn attenuating inflationary pressures on earnings.

During the 1980s, traditional fiscal policies (such as state-wide corporate income taxes and
county-level taxes on individuals), had statistically significant depressing effects on manufacturing
employment growth and investment in human capital, respectively. In addition, county-level decision-
makers face the following trade-offs in terms of moving their economies into the information age. In
terms of direct effects, counties already endowed with high human capital stocks experienced faster
growth in manufacturing employment, less additional human capital accumulation, and faster increases
in manufacturing earnings per job, all else equal. Counties with greater increases in human capital
stocks experienced faster employment and earnings growth, but this growth was depressed by faster
earnings inflation. The ner effect of these forces was to depress employment growth in counties
starting out with higher initial stocks of human capital. Also, faster earnings growth did not lead to

faster rates of human capital accumulation.
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Table 1. OLS regression results with single equation specification

Manufacturing Educational Earnings

employment attainment per worker Summary Statistics
Variable AN AH AW Mean Std. Dev.
Constant 0.0233™ (5.68)  0.224™ (21.10) —3.295 (2.66)
Ny (persons/cap.) ~0.0729™  (7.06) 0.637™ (3.51) 6.7727 (2.82)  0.072  0.054
H, (percent) ~0.0156™  (3.08) ~0.208" (34.64)  3.004™ (2.66) 0.593  0.124
W, ($°000/worker) —0.000907™ (7.22) —0.000066 (0.50)  0.0115 (0.49) 15.228 5,149
MEIR (0,1) —-0.00399™ (3.07)  0.0145™ (10,62)  1.970™ (8.12) 0.235 0.424
RURL (0,1) —0.00303" (2.30)  0.00171 (1.22)  0.890™ (3.82) 0.212.  0.409
HIWY (0,1) —0.00191™  (1.99) 0.431 0.495
HIXP ($°000/cap.) 0.0478™  (3.61) 0.056 0.042
LAND (acres/cap.) -0.00267  (1.53) 0.070  0.280
CTXC (index) -0.00501™ (4.13) 0.908 0.436
UNIN (proportion) 0.0446™  (4.75) -2.267 (1.33) 0.214  0.080
RTWL (0,1) 0.00275"  (1.82) T —1.609™ (6.16) 0.509  0.500
UNEM (proportion) ~0.179™" (10.72) 0.069 . .0.032
TAXL ($7000/cap.) —0.0176™ (3.63) 0.223 0.143
FAMS (persons) —0.0188™ (7.2%5) 2.800  0.215
HOWN (proportion) 0.0819™ (10.02) 0.733  0.076
FROF (proportion) 0.171™ (4.35) 0.035 0.015
MAGE (years) 0.126™ (4.87) 30.951 3.764
EPFM (persons/firm) 0.016™ (5.59) 59.773  45.200
AAPO (proportion) ' 6.936™ (9.08) 0.090 0.146
HSPO (proportion) 5.283™ (5.29) 0.034  0.093
HCST ($/month) 0.020™ (7.23)  250.864 53,134
AN 0.0014 0.0268
AH 0.1033  0.0380
AW 9.1533  5.0515
Adjusted R 0.1033 - 0.4822 0.1828

Notes: Absolute value of z-statistics in parentheses. Significance levels: ¥*=10%, **=5%, ***=1% or lower.
Sample size=2,880. All regressors are measured in 1980 where possible, or in the closest census year (i.e.,
1982). AN, AH and AW measure the between the 1990 and 1980 value of each variable,



Table 2. 3SLS regression results with simultaneous equations specification

Manufacturing Educational Earnings
employment attzinment per worker

Variable AN AH AW
Constant 0.00875 (0.81) 0.205™  (19.80) 0.169 (0.08)
N, (persons/cap.) ~0.0220 (1.53) 0.00582  (0.47) —1.864 (0.76)
H, (percent) 0.0300™  (2.76) —0.214™  (29.94) 5770 (2.45)
W, ($°000/worker) —0.000625™ (4.17) ~0.000176  (1.01)  —0.117™  (3.90)
METR (0,1) 0.00381" (1.89) 0.00755™  (4.28) 1.143™ (3.73)
RURL (0,1) ~0.000014  (0.01) 0.000118  (0.08) 0.298 (1.06)
HIWY (0,1) —0.000042  (0.09)
HIXP ($°000/cap.) 0.00588 ©.77
LAND (acresfcap.) —0.00208 (1.48)
CTAC (index) —0.00228™  (2.56)
UNIN (proportion) 0.0333™  (3.06) 5.8577 (2.76)
RTWL (0,1) —0.000114  (0.06) —0.230 (0.73)
UNEM (proportion) —0.175™ (9.83) -
TAXL ($°000/cap.) —-0.0212™ 4.23)
FAMS (persons) ~0.0194™ (7.24)
HOWN (proportion) 0.091™  (10.62)
PROF (proportion) 0.166™ 4.31)
MAGE (years) 0.0245  (1.12)
EPFM (persons/firm) 0.00407%  {1.96)
AAPC (proportion) 2.631™  (3.81)
HSPO (proportion) —0.837 (1.05)
HCST ($/month) 0.0102™  (4.45)
AN 0.111 0.77) —187.013™  (13.36)
AH 0.136™  (2.89) 24.334"  (2.36)
AW ~0.00373™  (7.78) 0.00272™  (4.85)
System-weighted R* 0.3033

Notes: Absolute value of z-statistics in parentheses. Significance levels: #=10%, **=5%, ¥*=1% or lower.

Sample size=2,880




Table 3.

3S8LES reduced-form estimates

AN AH AW
Ny —0.04674 0.02070 7.3812
H, —0.003211 —0.2109 1.2387
We —0.0006566 —-0.0002515 -0.0007908
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Figure 1. OLS Results for Single Equation Specification
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Figure 2. 3SLS Results for Simultaneous Equation Specification
(direct and indirect effects)




