|
View metadata, citation and similar papers atw brought to you by i CORE

Income and Education of the States
of the United States: 1840-2000

Scott Baier, Sean Mulholland,
Chad Turner, and Robert Tamura

Working Paper 2004-31
November 2004

WORKING PAPER SERIES

FEDERAL RESERVE BANK ¢gf ATLANTA


https://core.ac.uk/display/6924598?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

FEDERAL RESERVE BANK ¢f ATLANTA WORKING PAPER SERIES

Income and Education of the States
of the United States: 1840-2000

Scott Baier, Sean Mulholland, Chad Turner, and Robert Tamura

Working Paper 2004-31
November 2004

Abstract: This article introduces original annual average years of schooling measures for each state from
1840 to 2000. The paper also combines original data on real state per-worker output with existing data to
provide a more comprehensive series of real state output per worker from 1840 to 2000. These data show
that the New England, Middle Atlantic, Pacific, East North Central, and West North Central regions have
been educational leaders during the entire time period. In contrast, the South Atlantic, East South
Central, and West South Central regions have been educational laggards. The Mountain region behaves
differently than either of the aforementioned groups. Using their estimates of average years of schooling
and average years of experience in the labor force, the authors estimate aggregate Mincerian earnings
regressions. Their estimates indicate that a year of schooling increased output by between 8 percent and
12 percent, with a point estimate close to 10 percent. These estimates are in line with the body of evidence
from the labor literature.

JEL classification: 040, J24, E01, N0OO

Key words: state human capital, state output per worker, returns to schooling

The authors thank the workshop participants at Clemson University, Texas A & M, the University of Kentucky, SUNY Buffalo, the
University of Virginia, the University of South Carolina, the 2004 Midwest Macroeconomic Meetings, lowa State University, and
joint seminars at UNC-Chapel Hill and Duke University for helpful comments. They benefited from suggestions by Kevin Murphy
and Casey Mulligan. The views expressed here are the authors’ and not necessarily those of the Federal Reserve Bank of Atlanta
or the Federal Reserve System. Any remaining errors are the authors’ responsibility.

Please address questions regarding content to Scott Baier, Assistant Professor of Economics, John E. Walker Department of
Economics, Clemson University, Clemson, South Carolina 29634-1309, (864) 656-4534, and the Federal Reserve Bank of Atlanta,
sbaier@clemson.edu; Sean Mulholland, Assistant Professor of Economics, Auburn University at Montgomery, Montgomery,
Alabama 36124-4023, (334) 244-3989, smulholl@mail.aum.edu; Chad Turner, Visiting Assistant Professor of Economics, Williams
College of Business, Xavier University, Cincinnati, Ohio 45207, (513) 745-3062, turnercl@xavier.edu; or Robert Tamura,
Associate Professor of Economics, John E. Walker Department of Economics, Clemson University, Clemson, South Carolina
29634-1309, (864) 656-1242, and the Federal Reserve Bank of Atlanta, rtamura@clemson.edu.

Federal Reserve Bank of Atlanta working papers, including revised versions, are available on the Atlanta Fed’s Web site at
www.frbatlanta.org. Click “Publications” and then “Working Papers.” Use the WebScriber Service (at www.frbatlanta.org) to
receive e-mail notifications about new papers.



INCOME AND EDUCATION OF THE STATES OF THE UNITED STATES:
1840-2000

In order to understand the relationship between long-run economic growth and the role of inputs
into the production process a long time series is needed. For the states of the United States of
America, there exists data on output production, population, and enrollment that can be employed
to enlighten us on the nexus between educational attainment and income per worker in each state.
These data, however, have not been organized in a manner that lends itself easily to economic
analysis.  To this end, this paper makes three contributions: (1) it introduces original annual
measures of years of schooling and average years of experience in the labor force for each of the
states of the United States, generally from 1840 through 2000, (2) it constructs original real state
per worker output estimates for 1850, 1860, 1870, 1890 and 1910, and combines them with existing
data for 1840, 1880, 1900 and 1920 and 1929 through 2000, (3) it estimates the return to schooling
and experience over this period. We provide a long term perspective on the return to human capital
accumulation.  Furthermore, it captures the educational choices made by individuals (aggregated
to the state level) over much of the history of the United States. We use data from the decennial
censuses of the United States, Richard Fasterlin’s work on state income, Historical Statistics of
the United States: Colonial Times to 1970 as well as information contained in annual Statistical

Abstracts of the United States to produce these estimates.!

These data, aggregated to the level
of state education and income, show that investments in schooling are quite productive; that is,
the estimated return to a year of schooling for the average individual in a state ranges from 8
percent to 12 percent. This range is robust to various time periods and various estimation methods.
Although not necessarily producing similar results, we view this work as complementary to the work
of Mulligan and Sala-i-Martin (1997, 2000).> By census region, we also document the long-term
enrollment trends in primary, secondary, and tertiary schooling as well as the patterns of income

growth across regions. We show both within region and across region convergence.

The remainder of the paper is organized as follows: The next section provides the accounting

IWhile we would like to go all the way back to the establishment of the United States as a nation 1776 (1788 as
a Constitutional Republic), the data do not appear to be easily available to researchers prior to 1840. We envision
that the data exist in some form at the state level, typically in the form of Reports of the State Superintendant of

Schools, but we have not investigated these potential sources at this time.
2Mulligan and Sala-i-Martin (1997,2000) construct two different state level human capital measures for the census

years 1940-1990, inclusive. Our years of schooling human capital measure is highly correlated with theirs, averaging

approximately 0.8. See Appendix D for more detail.



framework for calculating average years of schooling by state. We present in graphical and tabular
form the results of these calculations by census region. Section III presents our measures of state
output per worker. Similar to the results from our years of schooling calculations, we find that among
the nine census regions, there have been systematic leaders and laggards. Section IV contains our
estimates for the returns to schooling and the returns to potential job experience. We find that
OLS estimates are quite robust to alternative specifications, and that a year of schooling returns
about 10 percent to an individual in additional productivity. Section V concludes and describes

future work.
II. EDUCATION IN THE STATES

In this section we present average schooling measures for each of the nine census regions.? We
present our methodology for calculating years of schooling for the average labor force participant in
each state. 'We also compare each labor force regional average with the labor force average for the
US. Rather than presenting graphs with 50 lines or tables with 50 rows, aggregation at the census
region is a parsimonious manner to present the data.” Later in the empirical sections, we use the
data for each state.

We use a perpetual inventory method, employed by Barro and Lee (1993) and Baier, Dwyer and
Tamura (2004) for cross country tabulations, in order to construct average years of schooling in the
labor force for each state. Because we are interested in output per worker, it is more appropriate to
calculate the average years of schooling in the labor force instead of the average years of schooling of
all state residents. We also are unable to account for changes in the labor force participation rates
by educational category, because we do not have any historical data on labor force participation by

education category prior to 1960.

3For a listing of states within each region, see Appendix A.

4 Additional details on the derivation and the data sources are furnished in Appendix B.

5We do present information about maximum gaps between states in some of our tables.

6Ideally we would use information to produce average years of schooling for men and women separately in the

labor force, however, enrollment information by sex is not consistently available. However Series H 433-441, page
370 of Historical Statistics of the United States: Colonial Times to 1970, indicates that there was little difference
sex 1850 1860 1870 1880

in enrollment rates of men and women: gle 496 52.6 49.8 59.2 . From 1890 onward differences in

female 44.8 48.5  46.9  56.5
enrollment rates were less than one percentage point. We acknowledge that our calculations implicitly assumes that

the labor force participation rate is common across men and women.



We assume that there are four categories of workers, those with no schooling (none), those exposed
to primary schooling and no more (primary), those exposed to secondary schooling and no more
(secondary), and those with exposure to higher education (college). Our enrollment data includes
both public and private primary schools, secondary schools and institutions of higher education.”
To calculate our average years of schooling, we assign the average years of schooling attained for
each of these categories, with the uneducated group getting zero years of schooling. Suppressing
the state subscript, H} is the number of workers in the labor force in year t in education category

i. The perpetual inventory method produces the following law of motion of these variables.
i =Hi(1- (57’5) + I}, i = none, primary, secondary, college (1)

where 6} is the departure rate from the labor force between year t and t-+1 and I} is the gross flow
of new workers into the labor force from education category i.

We assume three different departure rates: one for college workers, 5‘;0“6‘36, one for secondary
workers, 6°°°°™Y “and one for all other workers, 6" 8 We assume these different rates for two
reasons: (1) because a common rate produces a 2000 share of workers with some college significantly
below the 50 percent reported in the census and (2) when we use a common departure rate for
secondary, primary, and no education workers, we observe states where the fraction of the labor
force exposed to elementary schooling is less than zero.

Although values of 51 are not directly available, we are able to calculate the departure rates using
the following three part solution. First, we assume that workers with some college exposure do not

disappear at a calculated rate, but only after 45 years of employment. Thus for college exposed

workers, the law of motion becomes:

college __ rrcollege college college
Ht+1 - Ht o= It—45 + It (2)

Dividing through by labor force in period t+1 and defining h: to be the share of the labor force in

year t in education category i produces:

college college
hcollege _ hcollege Lt _ It—45 + It (3)
t+1 =
+ Lt+1 Lt+1 LtJrl
For the very early years, If°%8° is approximated using the first observed measure of higher education

"See Appendix B for details on the information.
8We deliberately omit the time subscript on the departure rate for the secondary education category. Our reasoning

is discussed in greater detail later in this section. Also, we use a common departure rate for the primary and none

educational categories, which we denote 67",



enrollment rates in ¢.° Finally we assume that college aged individuals are those between the ages
of 18 and 24, inclusive. We assume that population in this age category is uniformly distributed
between these ages, and that higher education enrollment rates are constant over these ages. Thus we
assume that: [7°1°8¢ = poollese] pppcollese pr18 941 /7, where ri°'*8° is the higher education enrollment
rate, [fpri°'*8® is the labor force participation rate of college exposed individuals, and £[18 — 24]
is the population of 18 to 24 year olds, inclusive. Once enough years have past, we use our own
calculations for 178

The second part of our solution is to determine a departure rate for workers exposed to secondary
schooling. Initially, we included the secondary education exposed workers in a category along with
those workers exposed to elementary education and no education. However, we find that this results
in calculated shares exposed to elementary education that are less than zero. As a result, we choose
geecondary for each state by matching the calculated shares of workers exposed to secondary education
to those observed in the census years from 1940-2000. We note that unlike the departure rates for
other educational categories, 6°°°°*%Y ig time invariant. For values, see Appendix B.

Although we are unable to calculate the departure rate for the remaining educational classes

directly, the final step allows us to isolate the departure rate for the remaining educational classes,

SPTmATY using the following identity on the law of motion of the labor force:
Lt+1 _ HfilngC + H:iclondary + Hg)j{ilmary + ?J(r)rlle (4)

Using (1) and (2) to substitute out for each education category produces:

2olle lleg olle ary 3 é scondary
Lt+1 _ Hz‘o ege 12234%& + Iz‘o ege +H§econd1r} (1 _ 5beconddry> +I§econd1r)

_’_Hfrimary (1 o 61t;>rimary) + Igrimary + H;lone (1 . 5¥rimary) + I;lone (5)

Dividing through by L;1:

1— h;iliege — hzecondary Lt (1 . 5secondary) + (hltarimary + h?onc> Lt (1 B (ﬁ)ﬂmary)
Lita Lipa
+I:ccondary + Ig)rimary +I§10n0 (6)
Ly

In order to get estimates of the flows into each education category, we use the following information:

9This is not much of an issue in the early years because higher education enrollments are near zero. Further details

are discussed in Appendix B.



Ifollege _ Tgollegelfprcol;cgc£[18 o 24]t o (7)

(T:econdary _ T;OHEge@) lfprsecondaryg[l4 _ ]-7]15

Isccondary _ ]
t 4 ( )
' . (Ttprimary _ r:econdary) lfp,,,primaryg[5 _ 13]t
Igrlmaly — (9)
9
(1 _ Ti)rimary) lprprimary£[5 _ 13]t
I;lonc — (10)

9
where as before in year t r! is the enrollment rate in education category i, [fpri is the labor force
participation rates for each educational category, and £[i — j]; is the population in age category

[i — j], inclusive.'”

The constant © is an adjustment for the fact that, unlike primary and sec-
ondary schooling, there is no schooling level above the higher educational category; freshman college
enrollment rates are much higher than sophomore enrollment rates.!' Notice that we maintain the

assumption of a uniform age distribution within age category and uniform enrollment rates within

an age category. Combining (7)-(10) with (6) produces our estimate of the Lﬁl (1 — 6It31“imar),)

term:

1— hcollege . hsecondary _ (Ii)ri"lilxvy'-l-li’o‘]“‘)

Lt imary i+l t+1 Ly
ﬁ (1 - 6?rlmdr)) N primary none ’ (11)
! (ht + h} )
Thus for the share of labor force with primary schooling exposure we produce:
hprimary _ hprimary Lt 1 5P1‘imary L{)l‘lmary »
A5 VR A (12)
Ly Lt

10For labor force participation rates we used data from the 1940-2000 censuses to determine average labor force
participation rates by educational attainment. We use .91, .82 and .60 for Ifpreollese [ fprsecondary and fpri,
i =primary, none. We used these labor force participation rates for the entire 1840-2000 period. While it may seem
strange to use a constant labor force participation rate, in 1840 the labor force participation rate for 14-65 year old
individuals was 51 percent and in 1900 the labor force participation rate for this same category was 57 percent. Since
the majority of our labor force is either without education or with only primary education in this period, we feel that

holding labor force participation rates constant over time across education categories is reasonable.
HThe fact that the conditional probability of attending increases after the second year of higher education with

years attended exacerbates this problem. We chose © in order to best fit both the higher education share as well as

the secondary schooling share for each state. See appendix B for the values of © for each state.



and we then use the following adding up restriction for the none share:

none __ college secondary primary 12
t+1 1- ht-‘rl - ht+1 - h’t-i—l . (13)

We use information from the 1940-2000 Censuses to get estimates for expected number of years of

schooling completed, conditional on being in each education category for each state. These expected

. college secondary primary
years of schooling by category are represented by yrs;, ) YTSy ,and yrs;; . For the
. . . . iy college secondary primary
intervening years we log linearly interpolate. Initial values for yrs;, ,YTSy, , and yrs;,

are set at 4, 10 and 14 for primary, secondary and higher education, respectively, in the year that

13

data becomes available for each state.”> We then log linearly interpolate from these initial values

to the 1940 value. Thus for state i we calculate average years of schooling in the labor force as:

o __ pcollege college secondary secondary primary primary
Ei =hy yrsy " + by Yrsi + hit Yrsi (14)

To account for interstate migration, we adjust our years of schooling measure by residents state of
birth reported in the 1850 through 2000 Censuses.'* We assume that all education is undertaken in
an individual’s state of birth and that all current migrants are educationally representative of their
birth state. Due to data limitations, our assumptions do not allow for selective migration. Let Ejt
be the years of schooling at time t for those born in state j. Our estimate of years of schooling in

state 1 therefore is: o
By = Z Sithjt (15)
j=1

where Sj;; is the share of state i residents in year t that were born and educated in state j. There are
52 categories: 50 states, the District of Columbia, and the foreign born. For foreign born we assume
that the individuals come from the k** percentile of the primary, secondary and higher education

distributions. We use the information from each of the 1940-2000 Censuses to determine the best

12There are occasions when hi°™¢ < 0. In these instances, we set h{'°™° = 0 and renormalize the shares to sum to

1. These instances are rare and small in absolute value.
13Gee Appendix B for more details on the various values of average years of schooling.
141n 2000, data availability is limited. The census reports the fraction of a state’s residents that were born in that

state, S;;, and the fraction that is foreign born S; r,,.. However, for those residents of a state who were not born in
that state(S;;, j#1, j#for), only the census region of birth is given. Conditioned on living in state i and being born
in census region k, we assume the probability of having been born in state j is equal the population of state j divided
by the population of region k. We make the necessary adjustment when the region of birth contains the state of
residence. As data is not available for 1840, we assume the shares in 1840 are identical to the values in 1850. Also,
data is not available for Alaska and Hawaii in 1940 and 1950. We assume these shares are identical to the values in

1960.



fitting k" percentile for each state and census year in order to match the state’s average years of
schooling. For the non census years between 1940-2000 we linearly interpolate the shares born in
state j residing in state i in year t. For years prior to 1940 we assume that foreign born workers have
the average Eth percentile, where the average is for the 1940-2000 period, and is state specific.!®

To illustrate our years of schooling measure, the next four figures display the average years of
schooling in the labor force by census region. While initial conditions certainly come into play in
the first few years, within 20 years, the initial conditions have little impact. Thus New England, the
Middle Atlantic and Pacific regions were clearly education leaders in the US. All three regions remain
above the average years of schooling in the US throughout the entire 1840 to 2000 period. Figure
4 indicates that the East North Central and, by 1880, the West North Central were educational
leaders as well. From 1880 to 2000 the labor forces of these five regions were better educated than
the average person in the labor force in the US. In contrast, the South Atlantic, Fast South Central
and West South Central regions were educational laggards. They start with less schooling than
the average in the US, and remain below average throughout the data. However by 2000, these
three regions have closed the gap between themselves and the US. Figure 3 illustrates the different
behavior of the Mountain region. While the Pacific region remained above the US average, the
Mountain region initially lagged behind the US, and in fact lagged behind the southern states from
roughly 1850 to 1870. However from 1920 to the present the Mountain region was either at or above

the US average in schooling. These results are summarized in Table 1 below.

15Details are in Appendix B. For information on how well our measure matches the Census data from 1940 to 2000

see Appendix D.
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Table 1: Average Years of Schooling in the Labor Force
1840 1860 1880 1900 1920 1940 1960 1980 2000

United States 1.14 209 356 483 6.18 828 983 11.7 13.0
New England 2.61 3.90 4.62 542 6.69 864 102 121 13.5
Middle Atlantic 1.52 276 425 515 630 815 984 11.8 13.2
South Atlantic 0.66 124 2.03 3.74 514 757 928 11.3 129

E. South Central 036 095 231 420 556 738 9.17 109 124
W. South Central 0.36 0.84 2.01 3.52 5.02 761 924 11.0 126
Mountain - 095 337 458 6.29 894 103 11.8 13.1
Pacific - 252 37 513 6.5 9.25 103 123 131
W. North Central 0.52 1.82 3.80 5.37 6.88 893 102 119 13.1
E. North Central 1.08 276 454 548 6.69 862 100 11.8 13.1
max. region gap 225 3.07 260 197 18 187 1.13 1.41 1.10
state max. 3.10 4.60 526 6.10 741 103 11.2 12,5 14.1
state min. 024 051 108 262 378 6.25 828 10.7 12.2

Table 1 contains the labor force weighted average years of schooling for each of the nine census
regions and the average for the US for various years. For the US as a whole, the typical worker
in 1940 had completed primary schooling and a quarter year of high school. By 1980 the typical
worker was just about a high school graduate. In 2000 the labor forces in all regions have average
schooling above 12 years. In 1880 the maximum gap between regions, 2.6 years, existed between
the New England and West South Central regions. We pick 1880 as this is likely to be the first
year in which initial conditions have no effect on the estimates. By 1900 the maximum gap between
regions dropped to 1.97 years and existed between the East North Central and West South Central
regions. From 1900 to 2000 the educational gap contines to narrow, reaching a nadir of 1.10 years
in 2000.

Table 2 presents the maximum gap between regions, in the row marked R, and states, in the row
market S, at the decadal frequency, since 1890. Table 2 illustrates the clear convergence across
regions, except for the very end. The evidence for the states is also compelling. The third row
of Table 2, marked S contains the maximum gap between the 50 states of the US, dropping the

District of Columbia.'® We suppress the information where there is no change in the results with

16The District of Columbia poses challenges in the latter years of the data. Specifically secondary and higher

education enrollment rates in D.C. are exceedingly high. See Appendix B for how we dealt with “excess” enrollments

10



and without D.C. As can be seen, the same pattern arises with an increase in maximum gap in years

of schooling from 1990 to 2000.

Table 2: Maximum Schooling Gaps between Regions and States
1890 1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000
230 197 198 18 184 187 173 113 1.07 141 1.05 1.10
3.79 348 3.69 363 388 406 334 291 221 1.79 179 1.95
1.71  1.52 1.53

»y » =T

The differences in average years of schooling between regions are the result of systematic differences
in enrollment rates across regions. New England, Middle Atlantic, Pacific, East North Central and,
with a short lag, West North Central regions led the nation in educational attainment. These
regions were the first to provide universal primary schooling, universal secondary schooling, and
near universal higher education. In contrast, the South Atlantic, Fast South Central and West
South Central regions lagged behind the country in each of these education categories. Finally
the Mountain region is in between these two extreme groups. The next four figures illustrate the

average fraction of the labor force that has been exposed to primary school, but no more.
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As the previous four figures illustrate, the South Atlantic, East South Central and West South
Central regions display the lowest education exposure. From 1840 until about 1910 each of the
three regions had a lower share of the labor force with elementary schooling exposure, and, as will
be shown below, a lower fraction with secondary schooling exposure and higher education exposure
as well. From 1920 to 2000 two of these regions have a greater share of the labor force with no more
than an elementary schooling, and all three are higher after 1970. New England, Middle Atlantic,
Pacific, East North Central and to a lesser degree the West North Central regions are educational
leaders in the US. These regions led the nation in educating their residents first in primary school,
then in secondary school and finally in higher education. The New England, Middle Atlantic, East
North Central and to a slightly lesser degree the West North Central have higher share of the labor
force with elementary schooling exposure than the national average from 1840 (roughly 1870 for the
West North Central) until the early part of the 20th century, between 1900 and 1920.

The next four figures illustrate the evidence of some secondary schooling exposure but no more.

13
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For secondary schooling exposure and no more, the nine census regions behave much like they
did in elementary schooling exposure. From 1840 to 1940 the Pacific, and for 1840 to 1960, the
Middle Atlantic, East North Central and West North Central regions display higher than average
shares exposed to secondary schooling. As Goldin (1999) and Goldin and Katz (2000) have shown,

15



these were the leaders of the high school movement in the US as well as the world. The South
Atlantic, East South Central, West South Central regions all lagged behind the average for the US
from 1840 to this day. Combining these exposure rates with the primary exposure rates shows that
the South Atlantic, East South Central, and West South Central clearly have the smallest portion
of their labor force exposed to higher education.

The next four graphs present this the evidence for higher education. The regions with higher share
of the labor force exposed to higher education are New England, West North Central, Mountain and
Pacific. The South Atlantic, East South Central and West South Central regions remain below
average throughout the entire time period. The Middle Atlantic and FEast North Central regions

seem to almost mimic the national average.
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II1. STATE PER WORKER OUTPUT

This section presents both original and existing data on state per worker output converted into
real 2000 dollars.!” In addition to the work of Easterlin (1960a,b), who provides per capita income
in 1840, 1880, 1900, and 1919-1921 (1920), and government data from 1929-2000, we add our original
estimates of state per capita income for 1850, 1860, 1870, 1890, and 1910. Our work uses government
sources to produce estimates of real agricultural output, manufacturing output and mining output
per state for these years. In combination with our measures of the labor force and the sectoral
allocation of the labor force, we construct estimates of the non-agricultural, non-manufacturing

non-mining output. With these estimates we create output per worker by state. The details of

1TWe convert all nominal values into real 2000 dollars, using the GDP deflator data from Gordon (1999) for years
1870-2000. For values between 1840-1869 we use the wholesale price index from the Historical Statistics of the United
States: Colonial Times to 1970 to compute inflation rates over this period. We then use the calculated wholesale
price inflation to create a GDP deflator for the 1840-1869 period. To account for regional price differences, we
use Berry, Fording, and Hanson (2000), Mitchener and McLean (1997), and Williamson and Linder (1980). The
first deflators provide measures of output or income in constant national dollars and the regional price corrections
adjust for regional price variation. For the 1840-1880 period we extrapolated the trend in relative price levels for the
Mountain and Pacific region. Thus the output measures are best thought of as real income per worker. More details

are available in Appendix B.
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these calculations are in Appendix C. We note that the data from 1850-1920 are for state output
per worker. For the period 1929-2000, the data are for state income per worker.

The next set of figures displays the regional average output per worker and the US average 