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Abstract

The region of the United States that arguably fared worst thes post-war period is the
“Rust Belt,” the heavy manufacturing zone near the Greaekakn this paper we argue that
a lack of competition in labor and output markets in the Ruedt Bere responsible for much
of the region’s decline. We formalize this theory in a dynameéneral equilibrium model in
which productivity growth and regional employment shares @getermined by the extent of
competition. When plausibly calibrated, the model ex@aiwughly one third of the decline in
the Rust Belt's employment share. Evidence from prominerdt Belt industries support the
model’s predictions that investment and productivity gifowates were relatively low in the
Rust Belt. In addition, evidence from the cross-section efropolitan areas shows that areas
that paid workers the highest wage premiums in 1950 had thestoemployment growth from

1950 to 2000, supporting the theory.
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1. Introduction

While the United States as a whole saw robust increases imoetio activity over the postwar

period, the economic performance of regions within the éguwas highly unequal. The region
that arguably fared worst of all is the portion of the Midwastd Northeast known as the “Rust
Belt.” While there is no standard definition of the Rust Bélthas generally come to mean the
heavy manufacturing zone near the Great Lakes that inclaities such as Detroit, Cleveland
and Pittsburgh. The salient characteristic of the regiahas its share of economic activity has
declined steadily since the end of World War II.

We argue that the Rust Belt declined in large part due to adackmpetition in labor and output

markets in its most prominent industries, such as steedpanibile and rubber manufacturing. The
lack of competition in labor markets was closely linked te iehavior of the powerful labor unions
that dominated each of the major Rust Belt industries forhmifche postwar period. In output

markets, the major Rust Belt industries were each dominaead small set of oligopolists who,

according to numerous sources, actively stifled compatfbodecades after the end of WWII. We
argue that this lack of competition served to depress invesst and productivity growth, which

led to a movement of economic activity out of the Rust Belt arid other parts of the country

(notably the “Sun Belt” in the U.S. South.)

We formalize the theory in a dynamic general equilibrium elad which the extent of compe-
tition determines productivity growth. There is a continuaf goods in the economy, with some
fraction produced in the “Rust Belt” and the rest producetti@*Sun Belt.” The two regions differ
only in the extent of competition they face. Rust Belt proghsamust hire workers through com-
petitive bargaining with a labor union, which demands thepetitive wage per each worker plus
some fraction of the surplus from production. Sun Belt pazta pay only the competitive wage.
In output markets, both regions face a competitive fringawihom they engage in Bertrand com-
petition. We assume that Rust Belt producers can “block’ftimge to some extent, while Sun
Belt producers cannot. Firms in both regions have the glidituindertake investment which, at a
cost, increases the productivity of any workers hired.

The main prediction of the theory is that the lesser the éxtecompetition in either labor or out-
put markets in the Rust Belt, the lower its investment andipetivity. We first illustrate this result
gualitatively in a simple static version of the theory. Wewsthhere are two effects which drive
the theory’s prediction. The first effect is a “hold up prablewvhich arises through the collective
bargaining process. Firms in both regions make costly invests to upgrade technology. Unlike
Sun Belt firms, however, Rust Belt firms must share the berfadits the technology upgrade with
the union. As a result, Rust Belt firms optimally choose t@stless ex-ante than they otherwise



would. The second effect comes from differences in outpuketacompetition. The inability of
Sun Belt producers to block the competitive fringe givesritaestronger incentive to invest in order
to “escape the competition” (as in the workA¢emoglu and Akcigi{2011) andAghion, Bloom,
Blundell, Griffith, and Howitt(2005, among others.) This incentive is less prevalent among Rus
Belt producers, and hence they invest less.

We then embed this simple static framework in a richer dycamodel in which productivity
and the employment share in each region evolve endogenouslytime. Because goods are
gross substitutes, employment and output tend to move teetjien with the highest productivity
growth, as in the model dfigai and Pissaride@007. The main quantitative experiment takes
the extent of competition over time as exogenous and corapghtemodel’s predicted shares of
manufacturing employment in the Rust Belt. Discipline oa #xtent of competition over time
comes from estimates of the Rust Belt workers’ wage premianasby estimates of markups in
key Rust Belt industries. We find that the model explains asti@ne-third of the Rust Belt's
decline, and in some specifications explains more than affe-h

We conclude by presenting several types of evidence supgahte theory’s predictions. First, we

show that direct measures of TFP growth in prominent RudtiBeustries were lower than those
of the rest of the economy. Second, we present historicdkeece that productivity growth and

technology adoption rates for Rust Belt producers tend&jtbehind their counterparts in Europe
and Asia for much of the postwar period. Finally, we provig&ence from the cross-section of
metropolitan areas in the United States that the wage premaarned by workers in 1950 — one
sign of limited competition — are highly negatively coriteld with employment growth from 1950

to 2000.

Our paper relates closely to a recent and growing literdinkéng competition and productivity.
As Holmes and Schmit2010, Syverson(2011) and Schmitz(2012 argue, there is now a sub-
stantial body of evidence linking greater competition tghar productivity. As one prominent
example,Schmitz(2005 shows that in the U.S. Iron Ore industry there were dramatgrove-
ments in productivity following an increase in competitpreessure in the early 1980s, largely
due to efficiency gains made by incumbent producers. SilpilBloom, Draca, and Van Reenan
(2011 provide evidence that European firms most exposed to trade€hina in recent years were
those that innovated more and saw larger increases in paitjycPavenik(2002 documents that
after the 1980s trade liberalization in Chile, the prodadacing new import competition saw the
largest gains in productivity, in part because of efficiemaprovements by existing producers. A
common theme with these papers and ours is that competédhced rents to firms and workers
and forced them to improve productivity. Along these lires, work also relates closely to that of
Cole and Ohania(2004), who argue that policies that encouraged non-compebmvior in the



industrial sector during the Great Depression depressgegate economic activity even further.

From a modeling perspective, our work builds on severalnmestudies in which model firms
innovate in order to “escape the competition,” such as imitik of Acemoglu and Akcigi{2011)
and Aghion, Bloom, Blundell, Griffith, and Howit{2005. The common theme is that greater
competition in output markets encourages incumbent firmsrtovate more in order to maintain
a productivity advantage over potential entrants. Our rhat¥® relates to those d¢farente and
Prescot{1999 andHerrendorf and Teixeiré2011), in which monopoly rights reduce productivity
by encouraging incumbent producers from blocking new petidily-enhancing technologies.

Our paper also complements the literature on the macroegsicrmnsequences of unionization.
The paper most related to ours in this literature is thatofmes(1998, who uses geographic
evidence along state borders to show that state policiesifaylabor unions greatly depressed
manufacturing productivity over the postwar period. Ourkvalso resembles that daschereau-
Dumouchel2012, who argues that even the threat of unionization can caoisainionized firms
to distort their decisions so as to prevent unions from fagnand that oBridgman(2011) who
argues that a union may rationally prefer inefficient prdstucmethods so long as competition is
sufficiently weak!

To the best of our knowledge we are the first to explore thegbmmpetition in understanding
the Rust Belt’'s decline. Our work contrasts with thatYofon (2012, who argues that the Rust
Belt’s decline was due (in part) to rapid technological cf@m manufacturing, an@laeser and
Ponzettq2007), who argue that the declines in transportation costs ertte Rust Belt's natural
advantage in shipping goods via waterways. Our paper afferglirom the work ofBlanchard
and Katz(1992 andFeyrer, Sacerdote, and Stg@007), who study the long-term consequences
of the Rust Belt's decline in employment (rather than the mauses of the decline.) Our model
is consistent with their finding that employment lossesanstl by Rust Belt industries led to
population outflows rather than persistent increases impi@yment rates.

Lwhile our model takes the extent of competition in labor netskas exogenous, several recent studies have
modeled the determinants of unionization in the UnitedeStatver the last centurRinlersoz and Greenwog@012
argue that the rise of unions can be explained by techna@bgiange biased toward the unskilled, which increased
the benefits of their forming a union, while the later fall afions can be explained by technological change biased
toward machines. Relatedlfcikgoz and KaymaK2012 argue that the fall of unionization was due instead to the
rising skill premium, caused (perhaps) by skill-biasedhtediogical change. A common theme in these papers, as in
the work of Taschereau-Dumouch@012), is the link between inequality and unionization, and théun’s role in
reducing inequality, which is absent from the current paper
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2. Decline of the Rust Belt

In this section we present the basic fact to be explaineddélone of the Rust Belt. We show that,
by a number of metrics, the Rust Belt’s share of aggregatesu activity declined substantially
over the post-war period.

2.1. The Rust Belt: Our Definition

While there is no widely agreed upon definition, most usethefterm “Rust Belt” use it to refer
to the heavy manufacturing area near the Great Lakes (se®kgchard and Kat£1992 and
Feyrer, Sacerdote, and St€&007) and the references therein.) For the purposes of this paper
define the Rust Belt to be the region encompassing lllinadigina, Michigan, New York, Ohio,
Pennsylvania, West Virginia and Wisconsin. This definiti@eps the essence of previous use of
the term and, in addition, allows us to aggregate various siatirces in a consistent way.

2.2. Measuring the Decline

Our main source of data are the decadal U.S. Censuses of A@h@h 2000, available through

the Integrated Public Use Microdata Series (IPUMS). In gasar we restrict attention to private-
sector workers who are not primarily self-employed. We disav on state-level employment data
from 1970 and onward from the U.S. Bureau of Economic Anal{BEA), and state-level value

added and wage data from 1963 and onward, also from the BEA.

Figure 1 plots the Rust Belt’'s share of aggregate employment (grepethline) and share of
manufacturing employment (solid black line). Both timaasgconsist of estimates from the census
data for 1950 and 1960 plus BEA state-level data in subseégeans (the census and BEA provide
almost identical estimates in overlapping years). The féighhows that by both metrics, the Rust
Belt’s share declined dramatically. The Rust Belt emplog8gercent of aggregate employment
in 1950, and just 27 percent in 2000. In terms of manufacgueimployment, the Rust Belt share
was over one-half in 1950 — 51 percent to be exact — and felh&tbird in 2000. Notably, the
decline is much more dramatic from 1950 to 1980 than sinc®1i88vhich the Rust Belt’s shares
of aggregate and manufacturing employment declined by @fdyv percentage points.

The fact that the Rust Belt’'s share of manufacturing empkyndropped by so much suggests
that the decline of the Rust Belt is not a simple story abauwicstiral change. That is, the Rust
Belt’s decline was not simply because the United States’ufamturing sector declined, and the
Rust Belt happened to be intensive in manufacturing. Thd bdck line in Figurel clearly shows
that the Rust Belt’'s share of employment declime@n within the manufacturing sectdfigure
A.1, in the Appendix, shows that in absolute levels, manufaoguemployment in the Rust Belt
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Figure 1: Fraction of Employment and Manufacturing Empleytin the Rust Belt

stayed roughly constant over this period while manufaotuemployment outside the Rust Belt
roughly doubled. What was happening, these figures suggebhgt manufacturing employment
was moving from the Rust Belt to elsewhere in the country.

Table1 quantifies the decline of the Rust Belt by several other metaind cuts of the data. Each
row describes the Rust Belt's share of U.S. economic agtimitt950 and 2000 for one particu-
lar metric, and the percentage point decline from 1950 td@20e first two row reproduce the
information in Figurel for convenience; the Rust Belt’s share of aggregate empmoyiend man-
ufacturing employment declined by 16 percentage pointsl&nokercentage points, respectively.

The third row shows the decline only looking at the industtieat were most prominent in the Rust
Belt in the 1950s, namely steel, automobile and rubber nzetwfing. The Rust Belt employed
75 percent of workers in these industries in 1950, whichtfeb5 percent by 2000, for a drop
of 20 percentage points. This shows that the Rust Belt'smmeelas not simply a compositional
change within United States manufacturing, with heavy stdess such as steel, autos and rubber



Table 1. Decline of the Rust Belt by Various Metrics

Fraction in Rust Belt  Difference

1950 2000 1950 - 2000
Aggregate Employment 0.43 0.27 -0.16
Manufacturing Employment 0.51 0.33 -0.18
Steel, Autos and Rubber Employment 0.75 0.55 -0.20
Employment in “Cold States” 0.73 0.62 -0.11
Aggregate Value Added 0.45 0.27 -0.18
Manufacturing Value Added 0.56 0.32 -0.24

Employment shares are computed using decennial censusatattPUMS and state-level data from

the BEA. Industries are classified according to IPUMS 19@igtry codes. “Cold States” are states
whose average temperature is below the state average. gedgr@nd manufacturing value added are
imputed for 1950-1962 and 1997-2000 using annual changbe share of wage payments by region.

declining while other manufacturing industries (e.g. higth) rising elsewhere in the country. To
the contrary, employment in steel, automobiles and rublmrech out of the Rust Belt, and even
more dramatically than for manufacturing as a whole.

The fourth row of the table shows the Rust Belt's employméars among “Cold States,” which
are defined to be all states whose average temperature 8 &edvage (all Rust Belt states make
the cut as Cold States.) The Rust Belt's employment share@i@old States fell from 73 percent
to 62 percent, for a drop of 11 percentage points. This sugdkat a simple story about the
advent of air conditioning making the warmer states mortabie for production is not likely to
be a central factor in determining the Rust Belt’s poor ecoicgerformance over the period. Even
among states where air conditioning was no more or lesslubefuin the Rust Belt, employment
was moving out of the Rust Belt states and into cold non-Meststates

The final two rows show the Rust Belt’s share of aggregateevatided and manufacturing value
added. The shares in 1950 were 45 percent and 56 percenglbiodX7 percent and 32 percent in

2000, which amount to declines of 18 and 24 percentage pdihtsconclusion from these data is

that the decline in the fraction of value added in the Rust Bak even more pronounced than the
decline in employment.

2This finding is consistent with the work ¢folmes(1998, who looks at counties within 25 miles of the border
between right-to-work states and other states and findscthattries in the right-to-work states had much higher
employment growth rates than their counterparts on the sttle of the border. Between 1947 and 1992, the counties
in right-to-work states averaged 101% growth in manufactuemployment; over the same period, counties on the
other side of the borders averaged just 62% manufacturingagment growth. Given that there are essentially no
differences in temperature between these sets of countdses(1998 argues that the differences in outcomes must
be due to differences in state policies.



3. Lack of Competition in the Rust Belt

In this section we show that one salient characteristic @Rbst Belt was a relatively low degree
of competition in labor and output and markets for severabdes after the end of WWII. Labor
markets in the Rust Belt were dominated by powerful laboonsin most of the prominent Rust
Belt industries. Output markets were characterized byeclst oligopolists in many industries
that, by many metrics, faced very low competitive presstwenfthe outside. Around the 1980s,
however, competitive pressure increased, as output nsadketv new competition from abroad
and new entrants at home, and labor markets withessed ardtiog influence of unions.

3.1. Lack of Competition in Labor Markets

It is widely known that unions dominated labor markets in gnRust Belt manufacturing indus-
tries. The two largest and most powerful unions in the UnBéates at the time were the United
Steelworkers (USW) and United Auto Workers (UAW). Roughhpotthirds of all auto workers
were members of the UAW, while an only slighter smaller fi@ttof steel workers were mem-
bers of the USW. The majority of steel and auto workers were employed in thet Belt for
decades after the end of WWII. According to the U.S. Burealuadfor Statistics, of the top ten
most unionized states in 1974, seven were Rust Belt stateg@ four of the top five (Michigan,
West Virginia, New York and Pennsylvanid.)

It is also well established that these unions extractedt gaacessions from their employers and
enjoyed substantial rents. Fig2eshows one simple metric of the premiums: the ratio of average
wages in the Rust Belt to average wages in the rest of the goditite dashed gray line shows the
relative wages for all workers, and the solid black line shtiwe relative wages for manufacturing
workers. From 1950 to 1980 the average wage was at least ¢@mqdrigher in the Rust Belt than

in the rest of the country, and reached 15 percent (among faetoung workers) by 1988.

Industry histories provide more direct evidence of the $ypkrents enjoyed by workers in these
unions. Ingrassia(2011) andVlasic (2011) provide numerous examples of various concessions
extracted from the“Big Three” auto producers of Ford, Gahktotors and Chrysler from WWiII
through the 1970s. By 1973, a UAW worker could earn “princglyns” working on production

3These figures are for 1970 and come from BLS Bulletin 1937 AgpeD. The UAW and USW also had large
membership rates in a diverse set of other manufacturingsinieés Goldfield, 1987).

4BLS Bulletin 1865 and BLS Bulletin 1370-12. Unionizatiorigare the percent of all non-agricultural employ-
ment that is covered under a collective bargaining agreemen

5The ratio of average wages, while a crude measure of wageiyrenis similar to the estimated “Rust Belt”
dummy we find when regressing individual-level wages on atlor, potential experience and other controls. More
generally, the ratio of average wages is in the same randeea&stimated union wage premium documented in a long
literature (see e.dlanchflower and Bryso(2004) for a review.)
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Figure 2: Relative Wages of Rust Belt Workers

or other union-created jobs, such as serving on the plantéation committee”, and then retire
with full benefits as early as age 4Bi@grassia201], pp. 46, 56). In steelTiffany (1988 states
that in 1959, average hourly earnings for steel workers weoee than 40 percent higher than
the all-manufacturing average in the United States (p. .1E8)ence of non-wage rents in steel
abound, such as clauses in various steelworker contraaitgularanteed that the steel mills would
be shut down during the first few days of deer hunting season.

The figure also shows that union power declined over thioodetaking a particularly large drop
in the 1980s. Relative wages in the Rust Belt fell from betw#@ and 15 percent above those
of other workers to just 4 percent above most recently. Mooadly, union membership dropped
steadily over this period. Figu#.2 (in the Appendix) shows the unionization rate for the coyntr
as a whole using data fro@oldfield(1987), and in the Rust Belt, using the state-level unionization
database dflirsch and Macphersof2003). In 1980, the first year of available disaggregated data,
30 percent of the Rust Belt workforce was unionized. By 2@08,unionization rate in the Rust
Belt was below 20 percent.



3.2. Lack of Competition in Output Markets

In output markets for several prominent Rust Belt industrproduction was dominated by just a
few firms for most of the postwar period. The largest threelgimducers — U.S. Steel, Bethlehem
Steel, and National Steel — had at least half the U.S.’s sagal capacity from the end of WWII
through 1980 Crandall 1981, Tiffany, 1988. The Big Three auto producers accounted for 90
percent of automobile sales in the United States in 1958aalahst 75 percent until around 1980
(Klier, 2009. A similar dominance pertained to the four largest rubbrergroducers, who had at
least 90 percent of the market in every year from 1950 to £970.

In each of these industries, there is evidence that the feduymers behaved non-competitively.
Adams and Brock1995 p. 94) describe the big Steel producers as having had aliytunchal-
lenged control of a continent-size market,” which led to &lwhoned system of price leadership
and follower-ship” (with U.S. Steel as the leader). Sinijlaingrassig2011, p. 29) describes the
automobile industry as being a “model of corporate oliggptiroughout the 1950s, 1960s and
1970s, with General Motors playing the role of the price &dd

Both steel and autos, as well as rubber, were accused orptaudticasions of explicit collusion.
In 1959, the Federal Trade Commission (FTC) charged fiftebher manufacturers with agreeing
on common list prices and discounting polidsrénch 1991).8 Tiffany (1988 describes several
similar instances in Steel, and on several occasions maraget the big steel firms were called
in front of congress to explain their lack of competition iricging.? In the auto industry, the
U.S. Justice Department charged Ford and GM with collusiwh @harged the Big Three with
conspiring to eliminate competitio@ams and Brock1995 p. 87).

Several types of evidence suggest that competitive pregsaked up starting in the 1970s and
1980s, as the cost of imports from abroad plummeted and nes &ntered the domestic markets
for goods formerly supplied almost exclusively by Rust Batbducers. In the steel, auto and

5These four were Goodyear, Firestone, U.S. Rubber and Guod#ill four were located in Akron, Ohio, once
known as the “Rubber Capital of the World.”

’Adams and BrocK1995 p. 78) write that “the prices adopted by the Big Three [autmofacturers] appear at
times to represent the outcome of a tacit bargain arrivedratigh a delicate process of communication and signal-
ing.... Once they have revealed their hands to one anofleerttiey announce their final prices, which, not surprigingl
tend to be quite similar.”

8The FTC claimed that the rubber manufacturers had reviveddbperative policies granted to them in the 1930s
by the National Industrial Recovery Act (which was laterlawed). The manufacturers agreed to “cease and desist”
without admitting any wrongdoing. Sé&ench(1991, p. 95).

9For example, in 1957 the Senate’s antitrust committee tijraccused the steel industry of anticompetitive pricing
behavior, and called industry leaders to testify for sixsldg a telling exchange between Senator Estes Kefauver and
U.S. Steel chairman Roger Blough, Kefauver asked why alhthgr steel companies had the same price. Blough
responded: “...if we offer to sell steel to a customer at t@es price as a competitor offers to sell to the customer,
that is very definitely a competitive price.” According Tiffany (1988, Kefauver and the rest of committee were
thoroughly unconvinced, yet no punishment was ever souglarfy steel producer.



rubber industries for example, concentration ratios hallerf dramatically since the 1970s and
1980s. In autos, the Big Three’ now have less than half theedtimmarket, with a similar trends
in steel and rubberTjffany, 1988 French 1991). Estimates of markups paint a similar picture,
at least where such estimates exist. In the steel induSalard-Wexler and De LoeckéR012)
estimate markups of on average 25 percent over the period th8éugh 1987 for the integrated
segment of steel industry (most of which was in the Rust B€lih the period since 1987 their
estimated markups averaged just 13 percent.

4. Simple Model

In this section we present a simple model which illustrakesrhain components of the theory.
The model links the extent of competition in labor and outmatrkets to investment and hence
productivity growth. The model predicts that less compmtitin either market leads to lower
productivity growth.

4.1. Environment

There is a continuum of intermediates, indexed pyhich are combined to produce a final good.
The production function for the final good is given by

Y= (/Olyuﬁon)2 W

where any two intermediates have elasticity two betweemth&he final good can either be
consumed or used for investment. Intermediajtes[o,%) are produced in the “Rust Belt,” and
intermediateg € [%,1] are produced in the “Sun Belt.” These two regions differ ia tlature
of their competition in labor markets and output marketsdescribed below). Each goads
produced by an industry that has a single “lead” produceyiaritie Sun Belt region, a competitive
fringe.

Production of intermediates takes place in two stages. drfitht stage, each leader firm enters
with productivity levelz and chooses their “technology upgrade,”Upgrading technology by
requires a costt(x), wherel (-) is strictly convex and is such th&t0) = 0. One can think ot as
“technology capital”, using the language MtGrattan and Prescot2010, which they define as
the “accumulated know-how from investments in R&D, branad arganizations,” ant{x) as the
investments themselves.

10These numbers are consistent with estimated markups irutberadustry over this perioderndt, Friedlaender,
and Chiand1990 estimate markups for Ford, GM and Chrysler over the perifiEPthrough 1983. Taking an average
of the three firms and the years in their sample, their eséichatarkups are 21 percent.
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After investment, the productivity of leadgrbecomesz(1+ x(j)), and the production function
becomes

y(j) = Z1+x())Je()) (2)
wherey(j) and/(j) represent the leader’s output and labor input.

In the second stage, firms decide how much labor to hire and price to charge, given their
production function,%). In the Sun Belt, leader firms must Bertrand compete witlctimpetitive
fringe. Thus, leader firms there pick the optimal price tgkimo consideration the fringe. In the
Rust Belt, we assume the leader firms get to “block” the friilnge operating. Thus, leaders firms
in the Rust Belt face no competition from the fringe and sebptimal monopolist markup.

The labor market in the Rust Belt is dominated by a singlerdaimion that is the sole supplier of
labor services. In order to produce any output, Rust Beltsfinmast not only pay each worker hired
the competitive wage (normalized to one), but must also degctéion of their surplus to the labor
union. The fraction of the surplus paid to the union is deteed by Nash Bargaining, with the
union’s bargaining weight given ¥. The labor market in the Sun Belt is competitive, in contrast,
and each worker earns the competitive wage.

The household has a unit measure of members, each of whibhowé unit of time that they

supply inelastically to the labor market. Jobs in the Rudt Bee rationed, and only a fraction
of household members (chosen at random by the firms) may\siad@r to the Rust Belt. The

household pools workers’ labor earnings plus profits froenfitlms, and spends all its income on
the final good. Formally, the household’s budget constiaint

1 1
P~C:1+R+/()2|_|R(j)dj+/l Ms(j)d ] (3)
2

whereP is the price of the final good; is the quantity of the final good purchased for consumption,
1+ Ris the labor earnings plus the rents earned by workers in tis¢ Belt, and1r(j) andlMg(j)
are profits earned by intermediate firms in the Rust Belt andERait.

4.2. Sun Belt Producer’s Problem

In the Sun Belt, the first-stage (investment) problem of poedi is given by

M) = max{ fis(xs(j)) — 1 (xs(1)) } (4)

xs(})
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wherefis(xs(j)) represents thquasi-rentsearned in the second stage. The second-stage problem
is to pick prices and labor input to maximize these quasstent

Tlxs(i)) = max {ps(ilys(i) ~s(i)} (5)

subject to
ys(j) = Z1+xs(j)]¢s(j), and
ys(j) =X-P-[ps(j)] 2, (6)

where equation) is the standard demand function associated with a CES ptiogufunction.
VariablesX andP represent the (endogenous) total spendjng on all goodseblidhsehold and
firms, and the aggregate price index, respectively:

x= [ pr(iriddi+ [ plislind] anc
P = [/f pr(i) M+ [ pst) 0]

Since Sun Belt leaders must Bertrand compete with the cotiweefringe, it follows that they
limit price the fringe, charging a price @i(j) = 1/z*

To understand better how the Sun Belt producers operateugeful to rewrite their first-stage
problem after incorporating the optimal limit-pricing keetor. It is

Ms() = max{ xs(j)(sxs(i)) 1 (xs(i)) } (7)
xs(])

wherels(xs(j)) = X-P-z[1+xs(j)]*. One can then see how investment is key to earning any

profits at all; if the leader doesn't invest, she cannot pbe®w the fringe, and hence earns no

profits. Thus, the Sun Belt leaders rationale for investinthée escape-the-competition effects of

e.g.Acemoglu and Akcigi{2011) andAghion, Bloom, Blundell, Griffith, and Howitf2005.

4.3. Rust Belt Producer’s Problem

The Rust Belt producers’ problem differs from the Sun Bedidurcers’ problem in two ways. First,
in output markets, the Rust Belt gets to block the competitimge and set a standard monopolist
markup. Second, in labor markets, the Rust Belt must hirerlgirough a union with collective

f investment among Sun Belt producers is sufficiently higrequilibrium, specifically ifxs(j) > 1, then Sun
Belt producers choose a standard monopolistic markup. Jgoositional purposes we focus here on the case where
Xs(j) <1.
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bargaining rights. The union supplies labor in exchangeHercompetitive wage plus a share of
the producers’ profits.

4.3.1. Collective Bargaining

Consider first the second-stage problem, once the investieeisionxg( j) has been decided. The
guasi-rents of firmj are

e0w(1) = max  {pe(i)ya(i)—(r(i)| where (®)

Pr
YrR(J) =271+ xr(])}¢(j), and
YR(J) =X-P-[pr(})) 7> 9)

These quasi-rents are defined identically to those of theB&ltrproducers. The difference is that
Rust Belt firms must bargain over the quasi-rents with themnWe assume that the union and
each producer split the surplus according to Nash Barggimith the unions’ bargaining weight
represented b € [0,1]. The solution to the bargaining problem yields the standesdlt that the
union receives a shafeof the quasi-rents, with the firm taking the other B.

4.3.2. Investment and Production

Now consider the profit maximization problem of the Rust Betiducer. Given the bargaining
solution above, the problem becomes:

Mr(i) = max{ (1 - B) i(xa(])) 1 (1)) }- (10)
xR(J)

In other words, firms pick investment to maximize their shafréne quasi-rents minus their cost of
investment. One can easily show that the first-order camtdharacterizing a Rust Belt producer’s
choice of investment is

(1= B)Tr(xr(i)) =1"(xr(]))- (11)

This equation shows that investment is lower the highgt.i$his result arises because the bar-
gaining problem involves a quintessentmld-up problemSince the investment decision cannot
be reversed once it has been made, the workers can hold upnthanfd extract a larger share of
the surplus ex-pos€ This effect is not present in the Sun Belt since producensethear do not

12yan Reener(1996 provides concrete evidence that workers do in fact captanee of the surplus from inno-
vations by their firms. Using a rich panel of firms of the Unit6idgdom, he shows firms that innovate tend to pay
higher wages with a lag of roughly three years after innogptHe estimates that workers in innovating firms capture
on average 20% to 30% of the quasi-rents generated by innavat
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bargain with a union.

A second key difference is that Rust Belt producers do na tacompetitive fringe and simply
choose their optimal price (taking prices of the other gaaglgiven.) As is standard, these firms
choose a price which gives them a constant markup (in this 66400 percent) over marginal
cost:

PR(j) = 2(Z1+xR(})]) (12)

It is useful to re-write the Rust Belt producer’s first-stdig@estment) problem incorporating their
optimal price as

Mr(j) = max{ (1 B) - ta(i) — 1 (x=(1))]} (13)

XR(j)
subject tolr(x(j)) = X -P-Z[1+xr(j)] 1. Here, the firm earns a constant-13 units of output
per unit of labor input hired, reflecting the constant markwer marginal cost charged by the
Rust Belt firm. Unlike the Sun Belt's equivalent problem ), (the escape competition effect is
absent. The Rust Belt firms’ rationale for innovation is thatore efficient production technology
increases demand for their variety.

4.4. Optimal Investment in Equilibrium

An equilibrium of the economy is a set of quantities and ®ech that households and producers
solve their problems taking prices (other than their owngiasn, all firms in each region choose
the same prices and quantities, and markets clear. We witl trei index for equilibrium objects
for convenience, and to distinguish equilibrium quangitigth the choice variables of a single
producer. One can show that the following is true in equilir.

Proposition 1 Equilibrium investment is lower in the Rust Belt region.

The proof is in the Appendix. To gain some intuition for theuk, consider first the case when
parameters are such that > 1. One can think of this as being the case when investmerd cost
are “sufficiently low.” In this case, the Sun Belt producers a0 much more productive than
the competitive fringe that they choose to set a standardopawy markup, just like Rust Belt
producerg® One can combine the firms’ first order conditions to show tipsineal investment in
equilibrium must satisfy the following equation:

I'(xr) = (1-B) I'(xs). (14)

3Bernard, Eaton, and Jens@®903 have a similar result, where the most productive produiteeesets a standard
monopolist markup if it is much more productive than othem§r or limit prices the second most productive if the
two have more similar productivty levels.
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It follows therefore thakr < Xs, sinceB > 0 andl (-) is convex. Here, the difference in innovation
results only from the fact that labor manages to extract@itra of the surplus (positively related

to ) from Rust Belt producers. Absent this non-competitivedwadr in labor markets, i.e. when

B = 0, investment is identical in the two regions.

Consider next the case when parameters are suclkkghatl. One can think of this as the case
when investment costs are sufficiently high. Now Sun Beltpoers limit price the competitive
fringe, while Rust Belt firms choose the standard monopoiastkup. In addition, Rust Belt firms
still must bargain with labor over the surplus. Combining tinms’ first order conditions this time
yields:

2

In this case it also must be true that < Xxs. There are now two reasons for the difference in

equilibrium investment. As before, the-13 term arises from the fact that the Rust Belt firms get

2
to keep less than the total proceeds from investment. Intiaddihe <#> term arises from

the differences in output market competition, and this tesess than one as long as< 1 in
equilibrium, which is true if and only if the Sun Belt firms aetually limit pricing in equilibrium.
If so, Rust Belt firms get to charge a higher markup even whaowating relatively less, while
Sun Belt firms innovate more to escape the competition.

2
() = (1 B) (“XS) 1 (x6). (15)
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5. Dynamic Model

We now embed the main features of the simple static modekimicher dynamic model, that can
be used for quantitative counterfactual experiments. Hmachic model differs in several main
ways from the static model. First, firm productivity and eoyphent by region evolve endoge-
nously over time. Second, the extent of competition in outparkets results in two opposing
effects: the escape-competition effect described in timple model, and &chumpeterian effect

which leads to more investment the lower is the extent of atitipn in output markets. Finally,

the model is more flexible in ways that allow for quantitatexgeriments.

5.1. Environment

There is a stand-in household whose preferences are given by
u=yY dc (16)
2

whered is the discount factor an@; is consumption of a final good. The final good is produced
using the CES production function

1 o-1 o-1
Y- (/0 q(j)de) (17)

whereo is the substitution elasticity between any pair of interratgs in the economy. We assume
thato > 1, which implies that the intermediates are gross subssitias before, the final good can
be used for both consumption and investment, and each iatkate is produced by a competitive
monopolist located in one of two regions, the Rust Belt orSboe Belt. The exogenous measure
of Rust Belt goods i\ € (0,1), while the measure of goods in the Sun Belt is A. Just as
in the simple model the production of each good requires glesiimput, labor, and the wage is
normalized to unity each period.

[0}
g

Each period is divided into two stages. In the first stageiritesmediate firms decide how much
to upgrade their technology. We assume that a technologwdpgrequires investment, as will be
laid out below. In the second stage, the firm decides how matwbrIto hire, what price to charge,
and possibly splits proceeds with the union. As before, veeirae Rust Belt producers bargain
with unions over their second-stage profits with bargaimigght 8 for the union and % (3 for
the firm.

Producers in both regions face a competitive fringe eacloghein the Sun Belt, the fringe en-
ters with productivitygpzs, wherezs is the initial productivity among Sun Belt producers, and th
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parameterp > 0 governs how effectively the fringe catches up to the lefidas each period. In
the Rust Belt, the fringe begins the second stage with ptodiycgzz(1— ). The parameteu
stands for the extent of “monopoly power” in output markeitsg captures the ease with which
incumbents can block entry by potential challengers. Ometlecimk of this as arising from poli-
cies which protect incumbent producers, such as emphalizBdrente and Prescdit999 and
Herrendorf and Teixeiré2011).

The extent of competition each period is governed by ®atq 3, i), which takes on one of three
values. Formallyg € {64,6.,6c}, whereBy represents aigh-distortionstate,f, represents a
low-distortionstate, andi: stands for &ompetitivestate. The transition from one state to another
is governed by the following transition matrix.

Table 2: Transition Probabilities Between States

OH o 6c
64 l1-¢ £ 0
6. 0 1-¢ €
6 0 0 1

From either the high-distortion or low-distortion state#th probability e the economy transitions
to a more competitive state. With probability-1e the economy states in the same state. The
competitive staté is absorbing.

5.2. Static Firm Problem

The firms’ static profit maximization problem is similar toetlone laid out in the simple static

model of the previous section. Still, we spell it out comelgthere for clarity. In the first stage,

the firm decides how much to invest. In the second stage, tine filecides what price to set and
how much labor to hire in order to maximize their quasi-re@igarly, forward-looking producers

anticipate the quasi-rents in stage two associated withgargn investment decision. So let us
describe the firm’s problem starting with stage two.

Consider a Sun Belt firm who enters the period with produistizé and has chosen technology
upgradexs. Assume that all the other Sun Belt firms have productixdtgrid have chosen upgrade
Xs, which could be equal tas andxs (and will be in equilibrium). Finally, assume that all Rust
Belt producers have productivigg and have choserg.” To keep the notation tidy, we define
Zs = (zs,7s,7Zr) and Xs = (xs,Xs, Xr). Whenever possible, we also drop the firm lapel [0, 1].
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The static profit maximization problem of the Run Belt firmasmaximize the quasi-rents:
Ti5(Zs, Xs) = max{ Psys — ﬁs} (18)
Ps; {s

subject toys = zg[1+ xg¢sandys = X - P?~1. pg?, which are the production function and standard
demand function under CES preferences. As beim@dP represent total spending on all goods
by the household and the aggregate price index, respactivel

x= [ patar(iyai+ [ psliastija]

p=[ [ ortiy=edi+ [ ps(iyoa)] .

Since Sun Belt leaders must Bertrand compete with the cotiveefringe, it follows that they

limit price the fringe and chargps(i) = (piZS.l“

Now consider a Rust Belt firm who enters the period with praigitg zz and has chosen invest-
ment levelxg, while all other Rust Belt producers have productiaiaehd investmentg. Assume
that all Sun Belt producers have productivzyahd have chosen investmedt As we did for the
Sun Belt, let us defingr = (zr, Zr, Zs) andXgr = (Xgr, Xr, Xs). Quasi-rents of the Rust Belt are given
by
TR(ZR, XR; ) = maX{DRYR—ﬁR} (19)
PR, (R

subject toyr = zr[1 + Xg]/r andyr = | .po-1. pr’. The additional argument in the Rust Belt
producer’s profit functionyu, reflects the difference in the limit price compared to a Swit B
producer.

5.3. Dynamic Firm Problem

We now consider the dynamic problem of the firms. The Bellmguaéon that describes a Sun
Belt producer’s problem is:

Vs(Zs; 0) = max{ fis(Zs,Xs) ~ | (xs,Zs) + OE |Vs(Zs: ) | (20)

whereZ§ = (zs(1+xs), Zs(1+ Xs), Zr(1+ %R) ) , and the expectations are o\@f tomorrow’s state
of competition. The Sun Belt producer picks the amount oégstinent each period to maximize
guasi rents minus investment costs plus the expected ditsbualue of future profits.

14For expositional purposes we focus on the case where ineastim equilibrium is “sufficiently low” such that
it is optimal for Sun Belt producers to limit price the fringilore generally, they either limit price or set a standard
monopolist markup, depending on how much investment thelgriake in equilibrium.
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Analogously, the Rust Belt producer’s Bellman equation is:
VR(ZR: 0) = n;(gx{ (1— B)TR(Zr, Xr, 8) — | (xR, ZR) -+ OF [VR(zg; 9’)} } (21)

whereZg = (zr(1+ Xr),Zr(1+ %R),Zs(1+Xs)). The Rust Belt producer picks its technology
upgrade to maximize its share of quasi rents minus invedtoosts, plus the expected discounted
value of future profits. Its share is-1f3, which is determined by the Nash bargaining.

Finally, we assume that the investment cost function is

oy Y cz !
'(’“’Z'>_X1Azg—1+(1—/\>zg—l (22)

for Zy = (z,%,2_i), y>1,T > 0 andi € {R S}. One desirable property of this cost function
is that investment costs are increasing and convex iMoreover, the further the firm lags the
“average” productivity level in the economy the cheapes tio upgrade the current technolagy

A second desirable property, as we show later, is that thesfoaction delivers balanced growth
when distortions in labor and output markets are shut down.

5.4. Dynamics in the Competitive State

In the competitive statgj = u = 0 for the current period and all future periods. Analyzing th
competitive state is convenient for gaining intuition, las tlynamics are particularly clean when
both B and u are zero. To see this, define the balanced growth path to beiaisn where
XRr = Xs = X each period. Then, one can show that three things are trag #ie balanced growth
path (all proofs are relegated to the Appendix). Fixss$ given as the solution to a single equation
in one unknown (presented in the Appendix.) Second, the zgfizs is constant from one period
to the next. Third, the Rust Belt's employment share is aomtdrom one period to the next.

These properties of the balanced growth path are usefukfaral reasons. First, they illustrate
that in the competitive state, both regions grow at the satee This implies that the decline of

the Rust Belt can only come about in the model from imperfeatgetition there (and not, simply

differences in the productivity states of the two regionSecond, the properties are useful in
calibrating the model, as the properties of the model in trepetitive state can largely be solved
by hand. This makes the long run properties of the model pamest and tractable.
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5.5. Dynamics under Imperfect Competition

We now consider when the state is eitléigr or 6.. As will be documented quantitatively in the
following section, when plausibly calibrated, the modekither of these states predicts that in-
vestment (and productivity growth) is lower in the Rust Bbelin the Sun Belt. One can show that
if investment is lower in the Rust Belt than the Sun Belt in¢berent period, then the employment
share in the Rust Belt declines between the current andWimitpperiod. The reason is simple.
Less investment means that the relative price of the Rustgdelds’ rises, and because goods are
gross substitutes consumers demand relatively more oftteaper Sun Belt goods. Thus, as in
Ngai and Pissaridg2007), employment flows to the Sun Belt.

6. Quantitative Analysis

[TO BE ADDED SHORTLY]
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7. Supporting Evidence

This section assesses the model’s predictions that rategsstment and productivity growth were
systematically lower in Rust Belt industries than thoseated elsewhere.

7.1. Investment and Technology Adoption

In the model, investments represent expenditures thattéepobductivity increases in the future.
One reasonable proxy for such investments are expendduaresearch and development (R&D).
Evidence from the 1970s suggests that R&D expenditures loees in key Rust Belt industries,
in particular steel, automobile and rubber manufacturihgn in other manufacturing industries.
According to a study by th&).S. Office of Technology Assessmgid©80, the average manu-
facturing industry had R&D expenditures totaling 2.5% dhtsales in the 1970s. The highest
rates were in communications equipment, aircraft and pants office and computing equipment,
with R&D representing 15.2%, 12.4% and 11.6% of total sakespectively. Auto manufacturing,
rubber and plastics manufacturing, and “ferrous metal$jctvincludes steelmaking, had R&D
expenditures of just 2.1%, 1.2% and 0.4% of total sales. §ldasa are qualitatively consistent
with the model’s prediction that investment rates were lowéhe Rust Belt than elsewhere in the
United States?>

Another proxy for productivity-enhancing investment ity is the rate of adoption of key productivity-
enhancing technologies. For the U.S. steel industry beif8®, the majority of which was in the
Rust Belt, there is a strong consensus that adoption rathe afost important technologies lagged
far behind where they could have beé&déms and Brock1995 Adams and Dirlam1966 Lynn,
1981 Oster 1982 Tiffany, 1988 Warren 2007). The two most important new technologies of the
decades following the end of WWII were the basic oxygen faen@OF) and the continuous cast-
ing method. Figuré\.3 shows adoption rates of continuous casting methods in tlited)Btates,
Japan and several other leaders in steel production. Twgstare worth noting from this figure.
First, the United States was a laggard, with only 15% of ifsacéty produced using continuous
casting methods, compared to a high of 51% in Japan, by 1¥t&nd, this was the period where
large integrated steel mills of the Rust Belt dominated pobidn. Putting these two observations
together implies that the Rust Belt lagged far behind in thepéion of one important technology
over the period®

15several sources explicitly link the lack of innovation baoka lack of competition. For example, about the
U.S. steel producerddams and BrocK1995 state that “their virtually unchallenged control over antinent-sized
market made them lethargic bureaucracies oblivious toni@olgical change and innovation. Their insulation from
competition induced the development of a cost-plus mentalihich tolerated a constant escalation of prices and
wages and a neglect of production efficiency (page 93). "

18In the 1980s and afterward, the U.S. steel industry made lemgestments in a new technology, the minimill,
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There is also agreement that the U.S. steel industry hadeaogg@ortunities to adopt the new
technologies and chose not to do so. For exarhpie (1981 states that “the Americans appear
to have had more opportunities to adopt the BOF than the éapanhen the technology was
relatively new. The U.S. steelmakers, however, did not@kgheir opportunities as frequently as
the Japanese.” Regarding the potential for the U.S. StegddZation to adopt the BORVarren
(2001 describes the 1950s and 1960s as “a period of unique bubpgsirtunity for American
producers to get established early in the new technolbgy.”

Similar evidence can be found for the rubber and automohéleufacturing industries. In rubber
manufacturingRajan, Volpin, and Zingale®000 and French(199]) argue that U.S. tire man-
ufacturers missed out on the single most important innomatf the postwar period, which was
the radial tire, adopting only when it was too late (in the rh@80s). The big innovator of the
radial tire was (the French firm) Michelin (in the 1950s an@d$). According td-rench(1991),
most of the U.S. rubber tire producers hadn’t adopted ra@an by the 1970s, even as Michelin
drastically increased its U.S. market shifte.

About the automobile industrijalberstan(1986 writes

Since competition within the the [automobile manufactglimdustry was mild,
there was no incentive to innovate; to the finance peopleviation not only was
expensive but seemed unnecessary... From 1949, when theatid transmission
was introduced, to the late seventies, the cars remainedrkably the same. What
innovation there was came almost reluctantly (p. 244)

The lack of innovation by the auto industry is noted also lgy Adams and Brock1995, Ingrassia
(2011 andVlasic (2011).

7.2. Productivity Growth

Direct measures of productivity growth by region do not exigfortunately. Nevertheless, we can
assess the model’s predictions for productivity growttheRust Belt and Sun Belt by comparing

which used an electric arc furnace to turn used steel prediict raw steel for re-use. Virtually all of these adoptions
were made outside of the Rust Belt region, and in the U.S.iSouparticular. Se€ollard-Wexler and De Loecker
(2012 and the references therein.

’According toAnkl and Sommel1996, an engineer at the U.S. Steel Company visited the Austiian BOF
plant in 1954 and brought back a favorable report on the gaispf the BOF. Management at U.S. Steel vetoed this
line of research and reprimanded the engineer for makinghanthorized visit to the Austrian firm (pp 161-162.)

InterestinglyFrench(1991) claims that all the new radial plants, when they were eartuilt, were built in the
Midwest and South. Akron, “the Rubber City,” stopped makiagsenger automobile tires in 1978, truck tires in 1984
and aircraft tires in 1987.
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Table 3: TFP Productivity Growth by Individual Rust Belt Industrie s

Annualized Growth Rate, %
1958-1980 1980-2000 1958-2000
Iron and Steel Foundries 0.0 0.5 0.2
Machinery, Misc -04 -0.1 -0.2
Motor Vehicles 1.0 0.2 0.6
Railroad Equipment 1.0 -0.3 0.3
Rubber Products -0.2 25 11
Steel Mills 0.4 09 0.7
Rust Belt Average 0.3 0.6 0.4
U.S. Economy 2.0 14 18

Note: Rust Belt Industries are defined as those industries whoptogment shares in the
Rust Belt MSAs are more than one standard deviation higlaer thhe mean in both 1950
and 2000. Source: Author’s calculations using NBER CES petidity database, U.S.
census data from IPUMS, and the BLS.

estimates of productivity growth in industries that werermpment in the Rust Belt region over
period 1950 to 2000 to productivity growth in the rest of ticermomy.

Concrete estimates of productivity growth by industry a@lable from the NBER CES database.
By matching their industries (by SIC codes) to those avél&dbus in our IPUMS census data (by
census industry codes), we are able to compute the fradt@hemployment in each industry that
is located in Rust Belt MSAs in each year. We define “Rust Belustries” as all those industries
with employment shares in Rust Belt MSAs greater than onadsta deviation above the mean
in both 1950 and 2000. The industries that make the cut arednal Steel Foundries, Machinery
(Misc), Motor Vehicles, Railroad Equipment, Rubber Praduand Steel Mills.

Table 3 provides estimates of total-factor productivity (TFP) gt per year in these industries
over several time horizons. As a frame of reference, we coenpEP for the U.S. economy as
a whole as the Solow Residual from a Cobb-Douglas produdtioation with labor share two-

thirds and aggregate data from the BEA. The right-most calshows the entire period of data
availability, namely 1958-2000. TFP growth was lower inrgvRust Belt industry than for the

U.S. economy as a whole. The highest growth was in Rubberetedwhich grew at 1.1% per
year, while the lowest was in Machinery, which grew at -0.286year. The U.S. economy, on the

¥Data and a detailed description of the data are availabke hép://www.nber.org/nberces/.
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other hand, had far higher TFP growth of 1.8% per year overgériod.

The first and second two columns show TFP growth by industipénperiods 1958-1980 and
1980 to 2000. We chose this breakdown because we obsentqatddactivity in several of these
industries increased after around 1980. Furthermore Miderce ofSchmitz(2005 andDunne,
Klimek, and Schmit12010 suggests that the early 1980s were a time when competitagspre
in the Great Lakes region may have increased substarfifally.

The first two columns show that in four of the six industriesanland Steel Foundries, Machinery,
Rubber Products, and Steel Mills — there is evidence thatymtivity increased in the period after
1980. This is consistent with the productivity pickup foundhe model in the latter part of the
period.

For the automobile industry, international evidence algapsrts the idea that productivity growth
was lower than it otherwise might have been. Té#2eshows a simple measure of productivity —
vehicles produced per worker — for the big three U.S. autdycers and two prominent Japanese
producers, Nissan and Toyota. On average, the U.S. prautaeased output per worker by
about 25% over the period 1960 to 1983. Over the same pehedapanese producers increased
output per worker by over 300%. For example General Motonstirem 8 cars per worker in
1960 to 11 in 1983, while Nissan went from 12 to 42. These prodty estimates are crude
at best given that they ignore capital, differences in tlze sind quality of vehicle and so forth.
Nevertheless, they show dramatic differences in outputyoeker over the period, with the U.S.
far behind in terms of apparent productivity growth.

7.3. Evidence from Cross-Section of MSAs

In this section we provide some additional evidence thapsttp our mechanism. Specifically, we
look beneath the surface of the regional aggregates foausedtil now, and consider the cross-
section of Metropolitan Statistical Areas (MSAs) withiretbnited States. The basic question we
ask if whether MSAs that had the lowest employment growthr tve period 1950 to 2000 were
those that had the least competitive environments in 1950fivd this indeed the case using one
measure of competition: the wage premium earned by workeeverage.

The data we use for this analysis is the decennial censu® m&ta available from IPUMS. The
unit of geography is, as mentioned above, the MSA, whichesponds roughly to a city plus its
surrounding suburbs. We report MSA-level statistics foMBAs in the country that are above
a certain size threshold, usually around 100,000 people pléce of residence is excluded for

20Both of these papers argue that transportation costs feigiocompetitors (in the iron ore and cement industries)
may have increased in the early 1980s. The papers also batheshidence of a dramatic increase in productivity
starting in the early 1980s.
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confidentiality reasons in smaller MSAs or rural areas. \ie &cus attention to 3-digit MSAs as
defined by IPUMS, as these have changed definition relatiaélgquently over time (unlike the
4-digit MSAs.)

We consider all workers who report being primarily wage eesnas opposed to the self-employed,
and only those employed in the private sector. The reasadhdse restrictions are to limit possible
biases in our measurement of wage premiums, as well as tokespmple as standard as possible.
We note that our results carry over to alternative sampleicéens, and discuss some of these in
detail below.

We construct our measures of wage premiums as follows. Asaimyrstandard macroeconomic
models, we assume that under competition, the workers’ vsageld be proportional to their
human capital. Following the tradition of Mincer, we assuimat a worker’'s human capital is a
function their schooling and potential work experience. Wgd on these assumptions by letting a
worker's wage depend on where they live, with some regiofesiaf) a larger payment per unit of
human capital than others. In particular, we assume thdbthieourly wage of worker in region
mis

4 . M
logwi m = & - SCHOOkm+ 3 Bj-EXPER+ 5 Dm-: Thn+ & m (23)
=1 m=1

whereSCHOOI.n, andEXPER m represent years of schooling and potential experieDggs a
dummy for residing in regiom, andg; i, is an error term. The coefficients and 3; through34
capture the returns to schooling and experience whilegheerms capture the “premium” that a
worker earns for living in regiom controlling for schooling and experience.

We estimateZ3) using the IPUMS micro data (from 1950), and take thgerms as our measure

of wage premiums by MSA. We emphasize that these measurégsiréhought of as suggestive
due to the crude way in which they are calculated. One linomafor example is that other poten-

tially important MSA-level characteristics are omittedrr the regression, such as cost-of-living
indices. Another limitation is that schooling and potenhégperience themselves are imperfect
proxies for human capital. Nevertheless, we argue thaetiegye premium measures are still
useful in describing and understanding regional diffeesnin economic performance over the
post-war period.

Figure3 shows the wage premium in 1950 (normalized to 0) plottedeg#ine annualized growth

in employment from 1950 to 2000. Rust Belt MSAs are displape@d, while the rest are black.

As can be seen in the figure, there is a negative correlatiovelea the two variables, with regions
with the highest premiums in 1950 tending to have the wotsssquent employment growth. The
correlation coefficient is -0.44, and is significant at wallda the 1% level.
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Figure 3: Wage Premiums and Employment Growth across MSAs

Which are the regions on either end of the spectrum? AmonytB&s with high wage premi-
ums are South Bend, IN (SOB), Detroit, Ml (DET), Jackson, MC§), Chicago-Gary-Lake, IL
(CHI), Pittsburgh, PA (PIT), Youngstown-Warren, OH (WARhd Flint, MI (FLI). Each of these
MSAs was home in 1950 to a major manufacturing center in thenaobile or steel industries.
Among those with low wage premiums are Orlando, FL (ORL), thysTX (AUS), Phoenix,
AZ (PHX), Raleigh-Durham, NC (RAL) and Greensboro-Winsgalem-High Point, NC (GRB).
These MSAs have all been referred to as being part of the “Salti By Blanchard and Katz
(1992, among others).

One potential alternative theory of the wage premiums irRust Belt is that workers there were
of higher than average ability. This could be the case, $tglented workers in the 1950s tended
to be attracted disproportionately to the Rust Belt reglmeause labor markets there were strong

21See e.gVlasic (2011) or Ingrassig2011) on auto manufacturing, arkiffany (1988 or Crandall(1981) on steel.
South Bend, Detroit, Jackson and Flint were major auto predy; Pittsburgh, Youngstown-Warren and Chicago-
Gary-Lake were steelmaking centers.
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at the time. According to this theory, the interpretatiorited above-average wages as premiums
is erroneous, and instead the higher than average wagesddayrworkers in this region simply
reflected their higher productivity.

One piece of evidence against this hypothesis is that werkemdustries common in the Rust
Belt tended to suffer some of the largest wage losses in peteans after a (plausibly) exogenous
displacement, compared to workers in other industi@arington and Zamari994 Jacobson,
Lalonde, and Sullivan1993. Carrington and Zama(iL994 find that displaced workers in the
typical industry lost about 10% of their pre-displacemeige when moving to a new job. In
contrast, workers in the “primary metal manufacturing”ustty lost around 26% of their wages,
and workers in “transport equipment manufacturing” andlrer and plastics manufacturing” lost
around 20%. This evidence is more consistent with the hygsiithat these workers were earn-
ing wage premiums than with the hypothesis that these werkere disproportionately the most
productive workers.
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8. Conclusion

While the U.S. economy as a whole experience growth of judeuitwo percent per year over
the postwar period, there was substantial variation in fraexperiences across regions within
the country. In this paper we document that the wage premanmeel by a region’s workers on
average in 1950 is a very good predictor of subsequent growtvages and employment, with
lower growth rates occurring in regions with higher wagenrens in 1950. Furthermore, many
of the regions with the highest premiums and worst econoraifopmance are concentrated in
what is often called the Rust Belt: the manufacturing zooed the Great Lakes.

We use this fact to build a theory of the decline of the Rust.B&lur theory is that a lack of
competition was behind the Rust Belt’s poor economic peréorce. We argue that the high wage
premiums earned by workers in the Rust Belt region reflectedaompetitive behavior in labor
markets, with powerful labor unions active in many of the ondRust Belt industries, such as
steel, automobile and rubber manufacturing. We then citztievidence that output markets were
non-competitive as well, with just several large domingiach of the major Rust Belt industries.

We formalize our theory in a dynamic general equilibrium mipch which the strength of com-

petition in labor and output markets determines the extnttich firms innovate and increase
productivity. Non-competitive labor markets lead to a ‘thap” problem, which discourage firms
from investing. Non-competitive output markets elimintite firm’s incentive to invest in order to

escape the competition. A plausibly calibrated versiorhefrhodel predicts roughly one-half of
the decline found in the data. The model also predicts tleaRilist Belt lagged behind in invest-
ment in new technologies and productivity growth. Seveunaés of evidence from prominent Rust
Belt industries support these predictions.
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