URBAN PRODUCTIVITY AND FACTOR GROWTH IN THE LATENINETEENTH CENTURY*byRaphael W. Bostic, Joshua S. Gans and Scott Stern**First Draft: September 21, 1993This Version: June 30, 1995This paper uncovers a series of empirical facts regarding the sourcesof U.S. urban growth in the 1880s. We use a large theoretical literature toprovide motivations for a number of potential sources of growth, particularlythose based on geographical proximity externalities. These sources arecharacterised and linked to empirical proxies. Then we estimate thecovariation of these empirical proxies with the growth rate in output, capitaland labor respectively. We find that traditional (neoclassical), severalgeographic externality, and socio-political factors all covary significantly withaggregate growth, though in very specific ways. For example, the size of acity (a measure of the degree of urbanization) is uncorrelated with outputgrowth, positively correlated with labor growth, and negatively correlated withcapital growth. No one extant theory of growth accounts simultaneously forall the phenomena that we observe. Journal of Economic LiteratureClassification Numbers: O18, O47 & R11.Keywords: urban growth, agglomeration economies, externalities,convergence, localization, specialization, urbanization.

* This paper is a revised version of Bostic et.al. (1994). We wish to thank Ken Arrow, Tim Bresnahan,Don Brown, Cathy Fazio, Dan Garrett, Wei Hu, Chad Jones, Don Lamberton, Geeta Singh, ManuelTrajtenberg, Gavin Wright and seminar participants at Stanford and the Australian National University forhelpful comments and discussions. In addition, we owe special thanks to Avner Greif for his insight andguidance. Finally, financial support from the National Science Foundation (Bostic), the FulbrightCommission (Gans), the Lynde & Harry Bradley Foundation (Bostic and Stern) and the Australian ResearchCouncil is gratefully acknowledged. Of course, responsibility for all views expressed lies with us.** Stanford University Department of Economics, University of New South Wales School of Economics,and MIT Sloan School of Management, respectively.

Empirical studies of aggregate growth have proceeded, principally, by controllingfor relative input growth in order to account for productivity (or per capita output) growth. This emphasis provides only limited insights regarding how economic factors influenceaggregate growth, because one needs to understand their impacts on productivity growthand input growth if mechanisms are to be properly characterized and modeled. In thispaper, we work to address this by identifying the sources associated with historical growthin productivity and factors for cities and then distinguishing between them. As such, thisresearch augments Barro (1991) other studies that work to identify the key factors thatdrive cross-sectional per capita output growth.1 Importantly, though, our work goesbeyond this to provide new insights into what factors may be important for growth ininputs and the mechanisms involved in this growth.The United States of the 1880s, marked by explosive urban growth and a relativelyisolated economy, provides an excellent context for examining urban growth. We thereforeconstruct a dataset from city-industry U.S. Census data from 1870, 1880, and 1890. Ourstrategy is to identify empirical proxies for the sources predicted to cause growth and thenestimate the correlations of these factors with productivity, labor, and capital growth. In sodoing, we can identify whether particular factors are associated with aggregate growththrough specific pathways rather than focusing on output per capita only. Through ourresearch, we also establish important empirical stylized facts regarding urban growth inproductivity, labor, and capital over the period.Our results are striking and often contradict those of other researchers. Typicalrelations are seen regarding growth in productivity and inputs and neoclassical factors. Forexample, convergence in productivity is consistently observed. However, in contrast tomany theories and recent empirical studies, we find that externality-based factors have nostrong direct relationship with productivity growth. Generally, externality-based factorsappear to influence aggregate growth exclusively through growth in inputs. In addition,

1 There has been much recent work on urban and regional growth. See, for example, Glaeser et.al. (1992),Barro and Sala-i-Martin (1992), Young (1992), Hulten and Schwab (1993), Henderson (1994) and

2effects of these factors differ across inputs. Localization is positively correlated withcapital growth and negatively correlated with labor growth. Meanwhile, urbanization hasthe opposite relation.The paper is organized as follows. The next section describes the theoretical basisof our empirical approach. The construction and characteristics of our dataset are discussedin Section II. Section III discusses our empirical framework and results. Conclusions anddirections for future research are included in a final section.I . Determinants of Urban Productivity and Factor GrowthOur goal is to identify the economic and social variables which affect productivityand factor growth. We begin with a standard Cobb-Douglas aggregate productionfunction:

YAKLc t c t c t c t, , , , , ,= >a b a b 0

(1)where Y is a city�s output, A is the city technology level, K is the city capital level, and L isthe city employment level. City-level growth is then a weighted function of the growth inproductivity and inputs:

ggc tY c tA c tK c tL, , , ,= + +a b

(2)where:

gXc tX c tc t, , ,log= ØºŒ øßœ+1

, for X = {Y, A, L, K}.Productivity and factor growth rates, however, are determined by a deeper set ofeconomic and social relationships. Defining ZA , Z K , andZL as exogenous or initialconditionsof statevariablesdeterminingproductivity, capital,andemploymentg r o w t h , respectively,werewrite(2)incorporatingthisendogeneity:

Henderson, Kuncoro and Turner (1994).

g g Z g Z g Z c t

Y

c t

A

c t

A

c t

K

c t

K

c t

L

c t

L

, , , , , , ,

( ) ( ) ( )

= + + a b

(3).Given equation (3), we identify the individual elements of ZA , Z K , andZL by conciselysummarizingtheinsights of avasttheoreticaliteraturewhich has focused on thistask. Theoreticalsources of productivityandfactorgrowth canbegrouped broadlyintothreecategories. Traditional economic factors are variables that are derived from basic theoryinvolving convex technologies and utility functions. Geographic production externalitiesare spatial characteristics, which can be population- or industry-specific, that generatespillovers that increase growth. Finally, other external factors are socioeconomic,political, and economic factors that are thought to impact growth. Specific variablesincluded in each of these categories are examined briefly below. This discussion alsoidentifies the form of the empirical proxies used to represent these variables in ourestimation.Traditional Economic FactorsThe neoclassical growth model offers sharp predictions on the effects of factorprices, productivity levels, and factor utilization on relative growth rates. First, with freetrade and knowledge flows, there is a tendency for productivity growth rates to converge,implying that the level of productivity is negatively correlated with the rate of productivitygrowth. A similar convergence relation is implied for relative factor utilization. Thus,capital (labor)-intensive cities should induce more labor (capital) inflows than less capital(labor)-intensive cities. In addition, factor prices and factor accumulation should bepositively correlated. Finally, if capital and labor are technological complements, capitaland labor growth will be positively related. These variables are easily represented by city-level aggregate measures, such as the city-wide capital-labor ratio, which we use in ourempirical analysis.2

2 The importance of such traditional variables is, of course, implicit in Solow (1956). More recently, thesehave been discussed by King and Rebelo (1993). See Barro and Sala-i-Martin (1992) for a recent empiricalanalysis at a regional level.

4Geographic Production ExternalitiesWe have compressed the variety of approaches used to characterize theseexternalities3 into three general categories: urbanization, localization, and specialization.UrbanizationUrbanization is the degree to which a city is large and embodies the size and breadthof urban regions. Diverse consumption possibilities and local demand spillovers acrossindustries are but two of many theorized mechanisms by which urbanization might have apositive impact on growth in factors and productivity. Although the majority of theoriesbased on such ideas predict positive correlations between relative growth rates and citysize, others have emphasized potential diseconomies of urbanization arising fromcongestion and other effects.4 The obvious aggregate city-level variables to representurbanization, total population, is used as an empirical proxy.5LocalizationLocalization is the degree to which an industry�s economic activity takes place inone or a small number of geographical areas. Industry localization, the computer industryin Silicon Valley being one recent example, has been linked to externalities that operate atthe city-industry level. Theory predicts that localization positively impacts both

3 Agglomeration economies have been emphasized, in particular, by the urban economics literature allowingfor endogenous movements of capital and labor -- see Miyao (1987) for a review. Knowledge spillovers andendogenous technological change have been part of the new growth theory. See Barro and Sala-i-Martin(1995) for a survey.4 The classic studies of the significance of economies of urbanization come from Rosenberg (1963), Jacobs(1969, 1984), and Henderson (1988). There are many different bases for economies of urbanisation. Forinstance, the lure of �bright lights�, that is, diverse consumption possibilities, has been argued as a reasonfor the desire of workers to live in large cities (Schlesinger, 1933; Jacobs, 1984). And local demandspillovers have been postulated as a motive for firms to locate in a city (Fujita, 1989; Krugman, 1991a). Nonetheless, city size can be a drain on further growth. Urbanization coincides with increased congestionresulting in higher rents and commuter costs for workers. These have a negative impact on productivitygrowth and factor accumulation. The extensive optimal city size literature focuses largely on the optimaldegree of urbanization (Mills, 1967; Henderson, 1988; and Hall, 1991).5 In Bostic, Gans and Stern (1994), past population growth was also used a proxy for urbanization. Itsexclusion here does not alter qualitatively any of the empirical results presented below.

5productivity growth, through intraindustry knowledge spillovers, and factoraccumulation,6 although diseconomies may operate here also.7Since the effect of localization on city growth depend on the number of localizedcity-industries, including localization in our empirical specification requires defining alocalized city-industry. This is accomplished by determining a threshold share of nationalemployment a city-industry would need to employ to be considered localized.8 Forexample, if the threshold is 10% of employment, the computer industry in Silicon Valley,to be considered localized, would need to employ more than 10% of national employmentin the computer industry. We then define a city�s degree of localization as the share of thecity�s employment contained in localized industries.9 As localization is an industry-specificexternality, effects will likely vary across industries. Our measure will thus tend to dampenobserved effects as it does not capture this intraindustry variation.10 In constructinglocalization measures for our analysis, we use various thresholds for defining a localizedcity-industry (5%, 10%, and 20%).SpecializationSpecialization is the degree to which a city�s output is dominated by a single or anumber of closely related sectors. Specialization, a city-level concept, differs from

6 Arthur (1988), Porter (1990), Marshall (1920), and Hoover (1937) discuss how localization promotesintraindustry knowledge spillovers, which in turn increase rates of productivity growth. Marshall (1920),David and Rosenbloom (1990), Krugman (1991a), Rotemberg and Saloner (1990), and Greif and Rodriguez(1992) all have modeled the positive relation between localization and labor and capital growth.7 For example, protection of proprietary information, including intellectual property, will be more costly inhighly localized environments.8 We could also use output to base our definition of whether an industry is localized.9 To see how this measure is constructed let

LOC

denote the threshold level of a city-industry�s share ofnational employment above which it is considered localized. Define

Lc

, with i as the index for city-industries, as

Lc cii” ‡{ }LOC LOC,

where

c i c i c i cLL , ,,=�

. Our measure of localization then becomes,

ct cit ct i L L c t , ,, , , = ˛�L

10 Understanding how localization effects vary across industries is an important subject open for futureresearch.

6localization in that it deals directly with a city�s sectoral composition.11 No theoreticalconsensus exists as to the effect of specialization on factor accumulation and productivitygrowth.12 Empirical measures of specialization must capture the degree to which a city isconcentrated in a small number of sectors. To do this, we employ a slightly modifiedHerfindahl index.13 The level of specialization for city c at time t is therefore

SPEC

c t i t c t

iI L L

, , , ( ) = =� 2 1

where L is the amount of labor, and I is the total number of industries in the city. Becausepotential specialization effects are industry-specific and vary across industries for a givenperiod, this measure again will tend to understate overall effects.Other FactorsThe literature has also focused on other externalities that potentially affect growth. The level of available human capital, the presence of appropriable returns from innovation,government activity (expenditures and taxation), and social forces such as immigration allare thought to have important roles in aggregate growth.14 Unfortunately, of these,obvious empirical proxies exist only for the government variables and immigration at thecity-level for our period of study.

11 The distinction between specialization and localization should be emphasized, as it has been repeatedlyconfused by other authors. The agglomeration effects which operate through the localization of industryare, in many ways, distinct from those which operate through the specialization of cities.12 For example, Jacobs (1984) argues that specialization, by introducing down side risk, ultimatelypromotes factor outflows and productivity reductions. On the other hand, Mokyr (1990) and Henderson(1988) highlight positive potential impacts of specialization on city growth.13 The Herfindahl index is also used as a measure of specialization in Henderson (1994). 14 See Romer (1992) and Rotemberg and Saloner (1990) for a discussion of human capital and growth,Romer (1990), Jacobs (1984), and Porter (1990) for opposing views of appropriability and its role ingrowth, and Barro (1990) for a model of government activity influencing aggregate growth. Significantimmigration into urban areas in the United States occurred during this period, making it particularlyimportant for our analysis.

7II.DataThe United States Census of Manufacturers,15 first reported at the city level in1880, was used to construct the proxies for the variables discussed in the previous section. This source provided data in three areas. First, we obtained a breakdown ofmanufacturing inputs and outputs by city-industry for 1880 and 1890. Data included thenumber of operating firms, the dollar value of capital, wages, and materials, the level ofemployment, and the dollar value of output for every city-industry included in our sample. Secondly, aggregate manufacturing sector data for levels of capital, employment, total laborincome, and value added were also compiled. Given this detailed city-industry andmanufacturing sector data, we were able to compute levels and growth rates for capital,employment, wages, and value-added at both the city-industry and aggregate city level. Additionally, we constructed city output-employment and capital-labor ratios, as well as thegeographic externality variables described earlier. Finally, we collected aggregate city-leveldata on population, government expenditures, and taxation rates, and the population sharewhich was foreign-born. Table 1 lists all of the variables in the dataset.16As it provides a great deal of insight into the economic structure of the time period,our dataset is an important source for identifying and understanding the economicprocesses at work during the United States� early industrial history. In addition, this datacan serve as a benchmark for comparative analyses of economic growth over time. Table 2presents summary statistics for the variables. Average city growth over the decade -- over160%, or over 12% annually -- is extraordinarily high. Further, the high rate of outputgrowth corresponds with high rates of input growth. Average city capital and labor growth

15 United States Census: Census of Manufacturers, 9th, 10th and 11th Cenuses, Government PrintingOffice, Washington D.C., various years.16 Our data was drawn from data on the top 100 cities in the U.S. in 1880. Due to geographical proximity(as between Manhattan and Brooklyn), some cities have been combined, leaving us with 79 overallmetropolitan regions. For the remainder of this paper, metropolitan region and city will be usedinterchangeably. There were 195 total �industries� used for our analysis. However, it should be noted thatthe Census data, and our dataset, include a greater number of industries than this. Industries that were sosimilar as to be viewed as indistinguishable, such as �Wood, sawed� and �wood, planed,� were aggregatedinto a larger �industry� (�Wood�) before any analyses were conducted.

8is over 200% and 120%, respectively. These growth rates are all highly correlated witheach other (see Table 3), which is consistent with traditional theories of aggregate growth.The levels and correlations between our other measures are also informative. Output per worker is highly correlated with each of the growth measures, while the capital-labor ratio is only marginally correlated with output growth or labor growth. Additionally,the capital-labor ratio and output per worker are correlated with each other. Finally, therelative wage measure, the only observed input price, is correlated with both employmentand capital growth, as well as the level of output per worker.Regarding the production externalities, localization is positively correlated with thetwo other measures, while specialization and urbanization are slightly negatively correlated.The empirical relevance of the conceptual distinction drawn earlier between localization andspecialization is highlighted in Figure 1, a scatter plot of their joint distribution. Thesevariables are correlated, but are in no way identical. This distinction is further emphasizedin Table 4, which lists the 10 most localized and specialized cities, respectively. A numberof cities which are localized, such as New York and Pittsburgh, are not particularlyspecialized. Others which are specialized, such as Petersburg, VA and Bay City, MI, arenon-localized.Importantly, the heterogeneity of urban America emphasized by historical accounts(Weber, 1989; Schlesinger, 1993) is apparent in our sample. First note the relatively largestandard deviations in growth rates and city statistics in Table 2. In addition, this variationcan be seen by examining the distributions of our measures. Figure 2, panel (i) presentsthe distribution of output growth. No growth range dominates the sample and there are anumber of cities with growth rates above 400%. Additional evidence is provided in Table5, which lists the input and output growth rates of the 10 largest and 10 smallest cities inthe sample. Note that the most influential cities in the American growth experience, such asChicago, New York, and San Francisco, are scattered throughout the sample in no easilydiscernible fashion.Figure 2, panels (ii) through (iv) present the distributions of the geographicproduction externality measures. As with the distribution of output growth, significant

9variation is seen here. The distribution of urbanization is consistent with theories whichposit that the distribution of city sizes arises from the exploitation of scale economies inlarger cities and subsequent trading with smaller metropolitan areas. These �systems ofinterdependent cities� (Henderson, 1988) are characterized by a small number of dominantcities, as reflected in the sample. The distribution of specialization, by contrast, is probablymore a result of its functional form (the Herfindahl measure) than any structural tendencyfor a small number of specialized cities. Interestingly, the distribution of localization,excepting those cities that are completely unlocalized, is fairly uniform across the unitinterval.III.Estimation Framework and ResultsWe focus on a small number of regressions which demonstrate our main empiricalfindings regarding the relationship between factor and productivity growth and the initiallevels of variables which, according to economic theory, affect each of these. To reviewbriefly, theories predict that productivity growth is related to the initial level of output perworker (the convergence hypothesis), the initial level of externalities (inter- and intra-industry agglomeration), and economic and social control variables (regional dummies andgovernment expenditure).17 Capital and labor growth, in contrast, are related to each other,the initial level of the capital-labor ratio (regional factor adjustments), the initial levels ofexternalities (feedbacks with inter- and intra-industry concentration), and a set of economicand social control variables (regional dummies, government expenditures, the share offoreign-born, and relative wages). In our analysis, we are principally interested in the signof coefficients, and we limit ourselves to those results which were robust to a wide rangeof empirical specifications and corrections for various forms of potential econometric error.

17 Note that our model, where productivity growth is a function solely of initial levels of economicvariables, contrasts with other models of aggregate growth. For example, Henderson (1986) models thelevel of productivity as a function of levels of externality variables. See Romer (1992) for a discussion ofthe effects of considering levels versus changes in measuring the impact of spillovers associated withhuman capital.

10To present our main conclusions regarding productivity growth and relative factoradjustment, we impose constant returns in production (b = 1 - a)18 and take a first-order(linear) approximation to the underlying functional relationship between productivity andfactor growth and their determinants. Expressing (2) in intensive (per capita) form,transforming this into growth rates, and introducing the underlying growth factorsproduces the following regression equations:

gyc ty c tk c c t c tc t c t c t cy, , , ,, , ,= � + � + � + � +� + � + � +a g g gg g g eREG CONV URBLOC SPEC GOVREGION POPN LOC SPEC GOVEXP

(4a)

gkc tk k c t c c tc t c t c t ck, , ,, , ,= � + � + � +� + � + � +q q qq q q eREG URBLOC SPEC GOVREGION POPN LOC SPEC GOVEXP

(4b)where

yYLc t c t c t, , ,/=

and

kKLc t c t c t, , ,/=

.In estimating this simultaneous equation system, we allow for correlation betweenthe unexplained portion of growth in output per worker (y) and the unexplained portion ofgrowth in the capital-labor ratio (k). In particular, there may be a common unobservedshock to each city which affects both productivity and relative factor growth over theperiod. Because of this potential correlation, we estimate (4a) using instrumental variables,a consistent estimation strategy in a recursive system with correlation in errors acrossequations. The model is identified by the fact that the initial level of the capital-labor ratio,k, enters the capital-labor growth equation but does not enter the output growth equation.The principal empirical results are presented in Table 6. In column (i), we presentthe estimates from the first-stage regression explaining growth in the capital-labor ratio.The first important result is that the level of the capital-labor ratio in 1880 is related,negatively, to the growth rate of that ratio. This correlation is implied by the process of

18 So that

y A k

c t c t c t

, , , = a

, where

y YL

c t c t c t

, , , / =

and

kKL_{c t c t c t, , ,}/=

. The assumption of constant returns toscale can, of course be tested. The following regression can be run:

gggc ty c tA c tk c tL, , , ,( )= + + - - +a a b e1

,testing the null hypothesis that a + b = 1. We do this under various specifications (with different controlsand instruments for productivity, capital and labor growth) and do not reject the hypothesis of constantreturns to scale.

11relative factor adjustment over time, i.e., a high relative level of capital suggests a highmarginal productivity to labor, which in turn attracts labor at a relatively higher rate thannew capital to the city. The second result in column (i) is that two of the externality-basedmeasures, localization and population, are correlated with growth in the capital-labor ratio. In particular, the growth rate of the capital-labor is increasing in our localization measureand decreasing in our measure of urbanization, the level of the population. This findingsuggests and important asymmetry -- intra-industry agglomeration economies have agreater positive impact on capital than labour accumulation, while the reverse is true forinter-industry agglomeration economies. Finally, specialization, a measure less cleanly tiedparticular economic theories of factor enhancement, is not significantly correlated withgrowth in the capital-labor ratio. Of course, this does not indicate whether theseexternalities-based variables have a positive or negative correlation with both, one orneither capital or labor growth individually. Such possibilities are explored below.Column (ii) presents our 2SLS estimates of growth in city output per employedworker. There are three main findings in column (ii). First, not surprisingly, the growthin output per worker is increasing in the growth rate of the capital-labor ratio, i.e.,increases in the relative share of capital are labor-productivity improving. Second, we findstrong evidence for intercity convergence -- the growth in output per worker is related in astrong and negative way to the initial level of output per worker. Finally, and perhaps mostsurprisingly, there is no significant correlation between the agglomeration measures andoutput per worker growth. At least for the sample and period studied, there is nostatistically significant relationship between our measures of a set of geographically-basedexternalities and labor-productivity growth.19In addition to identifying the factors associated with productivity growth, we areinterested in hypotheses regarding the role of neoclassical adjustment mechanisms andgeographic externalities in shaping the absolute growth rate of each factor (capital and

19 These findings resemble the results presented by Romer (1992) who studied the relationship betweenhuman capital externalities and economic growth. Using a similar two equation procedure (althoughholding labor growth as exogenous), Romer found that neither the level or growth of human capital affected

12labor). Because of our small sample, we again use first-order approximations of thefunction which relates input growth to its determinants:

gg K

c tK L c tL c c t c t c t

c t c t c t cK

, , , , , , , ,

= � + � + � + � + �

+ � + � + � +

d d d d d d d d e

REG CONV URB LOC SPEC GOV IMMIG

REGION POPN LOC SPEC GOVEXP IMMIG

(5a)

gg Lc tL K c tK c c t c t c tc t c t c t cL

, , , , , , , ,

= � + � + � + � + �

+ � + � + � + j j j j j

j j j e

REG CONV URB LOC

SPEC GOV IMMIG

REGION POPN LOC SPEC GOVEXP IMMIG

(5a)Unfortunately, this statistical model is underidentified -- we lack valid instruments forcapital growth in the labor growth equation and vice versa. We, therefore, limit ourselvesto an extremely exploratory fact-finding mission -- the conditional correlation between inputgrowth and its theoretical determinants.Our results are in Table 7. The principal insights of the previous table areconfirmed. In particular, there is a strong indication that the comparative statics ofneoclassical adjustment are at work -- capital growth is negatively correlated and laborgrowth is positively correlated with the capital-labor ratio. The correlation between theabsolute level of input growth and our measures of agglomeration also are consistent withthe results in Table 6 but yield some additional information about the relationship. Localization is positively correlated with capital growth and negatively correlated with laborgrowth. In contrast, urbanization has a reverse pattern -- negative correlation with capitalgrowth and positive correlation with labor growth. The Herfindahl measure of urbanspecialization, the agglomeration measure without a theoretical relationship to factorgrowth, is uncorrelated with factor growth.Before interpreting our results, we present evidence that they are robust to differentempirical specifications, variable definitions, and sources of econometric error (see Table8). With respect to productivity growth, column (i) shows the estimates from Table 6. Incolumn (ii), we relax the assumption of constant returns to scale in the productivityequation by regressing output growth on labor growth, capital growth, and the theoretical

productivity growth, but both were significantly correlated with investment.

13determinants of productivity growth. As before, instruments are used to obtain consistentestimates of the endogenous input growth terms. Once again, we observe that productivitygrowth is again significantly correlated with the initial level of output per worker anduncorrelated with each externality-based measure. Additionally, we explore whetherthresholds for our geographic externality measures drive our results. In columns (iii) and(iv), we use localization as an example and re-estimate the relation utilizing localizationthresholds of 5% and 20%, respectively. While the coefficients vary across specifications,the principal qualitative findings are robust across each measure.The second set of findings from Table 6 concerns the determinants of input growth. In particular, we found that growth in the capital-labor ratio is negatively related to itsinitial level, positively correlated with the level of localization, and negatively correlatedwith the level of urbanization. We explore these results further in Table 9, where wepresent the estimates which result under different definitions of the localization variable. As with the productivity growth estimates, the sign and significance of the observedcorrelations does not change. Similar results obtain when we employ alternative measuresof all of our geographic externality measures.IV.Interpretation and ConclusionsOur results offer important insights into productivity and factor growth. Theyconsistently support Neoclassical hypotheses regarding productivity and relative factorconvergence over time and thus they are consistent with the cross-national of Barro (1991)and others. While we do not want to stress the magnitude of any single estimate toostrongly, our estimate of the rate of productivity convergence is much higher than those ofother studies that examine later periods or larger regions (Barro and Sala-i-Martin, 1992). By contrast, our finding of no direct relationship between productivity growth andgeographic externalities conflicts sharply with recent studies that have identified suchrelationships (Glaeser, Kallal, Scheinkman, and Shleifer (1992)).

14In contrast to productivity growth, growth in inputs is closely associated with thegeographic externality variables. Intra-industry spillovers (as represented by localization)seem to enhance capital growth while inter-industry spillovers (represented byurbanization) appear to have an opposite impact. These support various theories, includingthose of Greif and Rodriguez (1992) for localization and Mills (1967) and Henderson(1988) for urbanization. The opposite relation holds for labor growth, with localizationnegatively and urbanization positively related to growth. The localization result is puzzling,as it is not predicted by the literature (for example, Marshall, 1920; Krugman, 1991a),while Jacobs (1969, 1984) and Krugman (1991b) predict the positive role for urbanization. Finally, neoclassical predictions are borne out in nearly every case, as convergencerelations are consistently observed.Taken together, these results support our initial assertion that the exploration ofinput growth is vital for a complete understanding of growth mechanisms. By solelyexamining growth in productivity and ignoring the endogeneity of inputs, one would haveoverlooked the important role that geographic externalities play in overall growth. Further,this approach generated insights into the precise pathways by which economic variables arerelated to growth and offers guidance for future investigation of the nature of thesepathways. For example, our work demonstrated a significant relation between governmentexpenditures and labor growth. More precision on the interaction between governmentactivities and economic growth is a fruitful area for future work. Additionally, asmentioned earlier, the impact of geographic externalities likely varies across industries. Future research might attempt to characterize this variation.An important caveat for our results is that historical context is extremely important. Because other periods have substantial economic, spatial, and social differences, therelations observed for the urban United States in the 1880s may not be generalizable toother places and time periods. A deeper examination of the historical forces at work isessential for closely linking our work with similar efforts that have focused on differenthistorical contexts.

15Table 1: List of VariablesGrowth Measures (1880-1890)Output growth rateCapital growth rateLabor growth rateOutput growth rate (logarithms)Capital growth rate (logarithms)Labor growth rate (logarithms)Traditional Adjustment MeasuresRelative wage, 1880Output-Labor ratio, 1880Capital-Labor ratio, 1880Externalities-Based MeasuresUrbanization:Total population, 1880Growth in population, 1870 to 1880Total level of output, 1880Total level of employment, 1880 Localization:Share of city employment in localized industries,

LOC

= 10%, 1880Specialization:Specialization in Employment (modified Herfindahl index), 1880 Other VariablesGeographic regional dummies (North-East, Lakes, South, West)Immigrant share, 1880 1880 per capita property value in the cityTotal government expenditure per capita , 1880Total property tax rates, 1880

16Table 2: Summary StatisticsVariable Mean Standard MinimumMaximum DeviationOutput Growth, 1880-18901.62021.36690.03969.3067Capital Growth, 1880-18902.00961.66840.17628.9791Labor Growth, 1880-18901.22071.0997-0.12195.7618Relative Wage, 1880383.895284.3478143.4775730.6798Output-Labor Ratio, 1880767.6079191.7251322.03951596.6652Capital-Labor Ratio, 18801036.0461302.5176417.85651892.5380Population, 1880 (’000s)113.0220245.966419.74301924.6830Population Growth, 1870-18800.49300.7561-0.16496.4867Localization (Employment, 10%)0.14200.24120.00000.9231Specialization (Employment)0.11060.12500.00970.6845 Immigrant Share0.23990.10440.01640.4815Government Expenditure per capita, 188015.237711.03592.214455.3586Table 3: Covariance MatrixOut. GthCap. GthLab. GthOut-Lab RatioCap-Lab RatioLOCOutput Growth1.0000Capital Growth0.86421.0000Labor Growth0.89410.86381.0000Output-Labor Ratio0.19660.42900.43161.0000Capital-Labor Ratio-0.0845-0.18630.06090.34161.0000Localization-0.2769-0.2594-0.3245-0.11550.05061.0000Population-0.0524-0.0656-0.10980.0722-0.08810.5000Specialization-0.1701-0.1942-0.1884-0.35600.07210.5018Pop Growth, 1870-800.21960.36530.23000.32280.0021-0.0396Wage0.19490.36710.37790.86440.2461-0.1052Immigration Share-0.0156-0.0452-0.06220.18220.31790.3340Gov. Exp. per capita-0.2435-0.2201-0.2834-0.0543-0.07670.4238POPSPECPop Gth 70-80WageImmignGov. ExpOutput GrowthCapital GrowthLabor GrowthOutput-Labor RatioCapital-Labor RatioLocalizationPopulation1.0000Specialization-0.14711.0000Pop Growth, 1870-80-0.04480.02641.0000Wage0.0874-0.34200.25751.0000Immigration Share0.22960.09840.17960.22361.0000Gov. Exp. per capita0.41390.0624-0.10080.07530.24031.0000

Figure 1: Localization Versus Specialization00.10.20.30.40.50.60.700.20.40.60.81Localization

Specialization

18Table 4: Growth Rates and the Presence of Externalities forLocalized and Specialized Sample CitiesLocalized CitiesCityLOCOut. GthCap. GthLab. GthPOPSPEC1.New York0.92311.24181.39220.372919246830.04612.Lawrence0.83340.03960.82660.2359986260.24993.Philadelphia0.82941.14841.03120.42518888260.03324.Fall River0.82690.77410.48340.3779489610.68455.Lynn0.79391.07091.44790.7017658370.48846.Manchester0.66880.33350.48030.4164326300.44997.Springfield (OH)0.61490.53611.00770.6859207300.36748.Pittsburgh0.58210.79521.14420.60142350710.18589.Paterson0.49540.66531.22380.2239510310.271810.Portland0.43690.68440.6232-0.1219338100.2009Specialized CitiesCitySPECOut. GthCap. GthLab. GthPOPLOC1.Fall River0.68450.77410.48340.3779489610.82692.Petersburg0.52191.05671.22810.3152216560.00003.Lynn0.48841.07091.44790.7017658370.79394.Manchester0.44990.33350.48030.4164326300.66885.Springfield (OH)0.36740.53611.00770.6859207300.61496.Bay City0.33311.39331.27941.0983206930.19037.Augusta0.32963.27882.75532.7464218910.00008.Paterson0.27180.66531.22380.2239510310.49549.Lawrence0.24990.03960.82660.2359986260.833410.Wheeling0.24800.39070.74490.2427307370.0000

19Table 5: Growth Rates and the Presence of Externalities for theMost and Least Urbanized Sample CitiesMost Urbanized CitiesCityPOPOut. GthCap. GthLab. GthLOCSPEC1. New York19246831.24181.39220.67290.92310.04612. Philadelpia8888261.14841.03120.42510.82940.03323. Chicago5031852.65274.23701.64590.34440.03854. Boston4622231.20171.59880.60430.16530.03645. St. Louis3505181.74681.79351.24870.10550.02976. Baltimore3323131.23221.40300.48650.27970.08977. Cincinnati3052921.46971.07520.84420.17310.05198. San Francisco2685140.97961.21730.77290.02940.03969. Pittsburgh2350710.79521.14420.60140.58210.185810.New Orleans2160901.49172.07281.65370.11660.0555Least Urbanized CitiesCityPOPOut. GthCap. GthLab. GthLOCSPEC1. Springfield (IL)197431.92501.12980.92520.00000.01852. Poughkeepsie202070.89470.30090.51970.00000.02993. Elmira205411.51851.55490.89550.00000.05544. San Antonio205509.30668.69015.76180.00000.07965. Bay City206931.39331.27941.09830.19030.33316. Springfield (OH)207300.53611.00770.68590.61490.36747. Salt Lake City207682.33282.89821.46440.00000.08348. Oswego211160.45881.39510.60180.00000.03829. Taunton212130.53520.93130.25460.00000.153210.Sacramento214202.71502.38123.88090.00000.0322

20Figure 2: Sample Distributions

0-11-22-33-44-55-66-77-88-9>905101520253035

Number of Cities in Range

0-11-22-33-44-55-66-77-88-9>9Growth Rate in Output (in 100s of %)(i) Growth

0-3030-5050-100100-500500-1000>1000051015202530

0-3030-5050-100100-500500-1000>1000Population (in ’000s)(ii) Urbanization

0-.1.1-.2.2-.3.3-.4.4-.5.5-.6.6-.7.7-.8.8-.9.9-1

0102030405060

Number of Cities in Range

0-.1.1-.2.2-.3.3-.4.4-.5.5-.6.6-.7.7-.8.8-.9.9-1Specialization Measure (Herfindahl)(iii) Specialization

0510152025303540

0-.1.1-.2.2-.3.3-.4.4-.5.5-.6.6-.7.7-.8.8-.9.9-1Localization Measure(iv) Localization

22Table 6: Productivity Growth Estimates(standard errors in parentheses) Dependent Variables (Logs):Growth inCapital-LaborRatioGrowth in OutputPer Capita(2SLS)North-East4.71672.8728(0.9175)(0.7598)Lakes4.76812.8989(0.9210)(0.7763)South4.93342.8310(0.9383)(0.7797)West4.75282.8852(0.9315)(0.7959)Capital-Labor Ratio, 1880 (Log)-0.5981(0.0784)Growth in Capital-Labor Ratio (Log)0.2636(0.0787)Output-Labor Ratio, 1880 (Log)-0.4801(0.1064)Localization (Employment, 10%)0.2813-0.0350(0.1412)(0.1301)Specialization (Employment)-0.3235-0.2808(0.2375)(0.2248)Population, 1880 (Log)-0.06000.0312(0.0282)(0.0244)Government Expenditure, 1880 (Log)0.04590.0330(0.0519)(0.0309)Relative Wage, 1880 (Log)0.0675(0.1159)Immigration, 1880 (Log)0.1465(0.0519)Adjusted R-squared0.45590.5200Boldface indicates significance at 5%

23Table 7: Input Growth Estimates(standard errors in parentheses) Dependent Variables (Logs):Growth inCapitalGrowth inLaborNorth-East4.4820-4.4681(0.9546)(0.8358)Lakes4.5397-4.4851(0.9561)(0.8397)South4.7325-4.5143(0.9654)(0.8590)West4.5381-4.4247(0.9624)(0.8503)Capital Growth (Log)0.7698(0.0586)Labor Growth (Log)0.9355(0.0712)Capital-Labor Ratio, 1880 (Log)-0.59340.4774(0.0787)(0.0776)Localization (Employment, 10%)0.2626-0.2834(0.1429)(0.1283)Specialization (Employment)-0.30660.0395(0.2386)(0.2158)Population, 1880 (Log)-0.05710.0564(0.0284)(0.0256)Government Expenditure, 1880 (Log)0.0380-0.0634(0.0362)(0.0321)Relative Wage, 1880 (Log)0.10600.0853(0.1235)(0.1122)Immigration, 1880 (Log)0.1483-0.1064(0.0520)(0.1122)Adjusted R-squared0.84430.8439Boldface indicates significance at 5%

24Table 8: Productivity Growth Estimates: Robustness(standard errors in parentheses)Growth inOutputPer CapitaGrowth inOutputGrowth inOutputPer CapitaGrowth inOutputPer Capita(i)(ii)(iii)(iv)North-East2.87285.01573.01372.8427(0.7598)(1.1697)(0.7259(0.7218)Lakes2.89895.02743.04752.8700(0.7763)(1.1737)(0.7355)(0.73618)South2.83104.80562.98732.8019(0.7797)(1.1255)(0.7422)(0.7332)West2.88524.93653.03692.8543(0.7959)(1.1561)(0.7573)(0.7526)Capital Growth (Log)0.2406(0.1417)Labor Growth (Log)1.2072(0.2887)Growth in Capital-Labor Ratio (Log)0.26360.25290.2635(0.0787)(0.0807)(0.0778)Output-Labor Ratio, 1880 (Log)-0.4801-0.8277-0.4855-0.4764(0.1064)(0.1777)(0.1012)(0.1046)Localization (Employment, 10%)-0.03500.1607(0.1301)(0.1859)Localization (Employment, 5%)0.0397(0.1209)Localization (Employment, 20%)-0.0585(0.1265)Specialization (Employment)-0.2808-0.5179-0.3744-0.2757(0.2248)(0.2906)(0.2357)(0.1906)Population, 1880 (Log)0.03120.01050.02130.0322(0.0244)(0.0327)(0.0277)(0.0222)Government Expenditure, 1880 (Log)0.03300.08240.03260.0324(0.0309)(0.0476)(0.0309)(0.0309)Adjusted R-squared0.52000.85010.52180.5205Boldface indicates significance at 5%

25Table 9: Capital-Labor Growth Estimates: Robustness(standard errors in parentheses)Localization Threshold of:5%10%20%North-East4.69114.71674.6870(0.8918)(0.9175)(0.9105)Lakes4.71904.76814.7157(0.8912)(0.9210)(0.9106)South4.92364.93344.8762(0.9121)(0.9383)(0.9275)West4.72084.75284.7053(0.9031)(0.9315)(0.9217)Capital-Labor Ratio, 1880 (Log)-0.5731-0.5981-0.6164(0.0774)(0.0784)(0.0793)Localization (Employment, 10%)0.31970.28130.2926(0.1287)(0.1412)(0.1420)Specialization (Employment)-0.4531-0.3235-0.2195(0.2502)(0.2375)(0.2061)Population, 1880 (Log)-0.0807-0.0600-0.0522(0.0311)(0.0282)(0.0261)Government Expenditure, 1880 (Log)0.04220.04590.0488(0.0346)(0.0519)(0.0350)Relative Wage, 1880 (Log)0.08250.06750.0819(0.1137)(0.1159)(0.1152)Immigration, 1880 (Log)0.15500.14650.1483(0.0508)(0.0519)(0.0517)Adjusted R-squared0.47200.45590.4580Boldface indicates significance at 5%

26ReferencesArthur, W.B. (1988), �Urban Systems and Historical Path Dependence,� in Cities andTheir Vital Systems, Edited by J. H. Ausubel and R. Herman, Washington:National Academy Press, pp.85-97.Barro, R.J. (1990), �Government Spending in a Simple Model of Endogenous Growth,�Journal of Political Economy, 98 (5, Pt.2), pp.S103-S125.Barro, R.J. (1991), �Economic Growth in a Cross Section of Countries,� QuarterlyJournal of Economics, 106 (2), pp.407-444.Barro, R.J., and X. Sala-i-Martin (1992), �Convergence Across States and Regions,�Brookings Papers on Economic Activity, 1, pp.107-182.Barro, R.J., and X. Sala-i-Martin (1995), Economic Growth, New York: McGraw Hill.Bostic, R.W., J.S. Gans, and S. Stern (1994), �The Sources of Growth: An EmpiricalAnalysis of U.S. Cities in the Late Nineteenth Century,� Discussion Paper,No.399, CEPR/Stanford.David, P.A., and J.L. Rosenbloom (1990), �Marshallian Factor Market Externalities andthe Dynamics of Industrial Localization,� Journal of Urban Economics, 28 pp.349-370.Fujita, M. (1989), Urban Economic Theory: Land Use and City Size, Cambridge:Cambridge University Press.Glaeser, E.L., H.D. Kallal, J.A. Scheinkman, and A. Shleifer (1992), �Growth in Cities,�Journal of Political Economy, 100 (6), pp.1126-1152.Greif, A., and A. Rodriguez-Claire (1992), �A Transactions-Cost Theory ofAgglomeration Economies: Insights from the Concentration of the AutomobileIndustry in Michigan, 1900-1910,� mimeo, Stanford University.Grossman, G., and E. Helpman (1991), Innovation and Growth in the Global Economy,Cambridge (MA): MIT Press.Hall, R.E. (1991), Booms and Recessions in a Noisy Economy, New Haven: YaleUniversity Press.Henderson, J.V. (1986), �Efficiency of Resource Use and City Size,� Journal of UrbanEconomics, 19 (1), pp.47-70.Henderson, J.V. (1988), Urban Development: Theory, Fact and Illusion, Oxford:Oxford University Press.Henderson, J.V. (1994), �Externalities and Industrial Development,� mimeo., Brown.Henderson, J.V., A. Kuncoro and M. Turner (1994), �Industrial Development in Cities,�mimeo., Brown.Hoover, E.M. (1937), Location Theory and the Shoe and Leather Industries,Cambridge (MA): Harvard University Press.

27Hulten, C.R. and R.M. Schwab (1993), �Endogenous Growth, Public Capital, and theConvergence of Regional Manufacturing Industries,� Working Paper, No.4538,NBER.Jacobs, J. (1969), The Economy of Cities, New York: Random House.Jacobs, J. (1984), Cities and the Wealth of Nations: Principles of Economic Life, NewYork: Random House.King, R.G. and S. Rebelo (1993), �Transitional Dynamics and Economic Growth in theBasic Neoclassical Model,� American Economic Review, 83 (4), pp.908-931.Krugman, P.R. (1991a), Geography and Trade, Cambridge (MA): MIT Press.Krugman, P.R. (1991b), �Increasing Returns and Economic Geography,� Journal ofPolitical Economy, 99 (3), pp.483-499.Marshall, A. (1920), Principles of Economics, 8th ed., London: Macmillan.Mills, E.S. (1967), �An Aggregative Model of Resource Allocation in a MetropolitanArea,� American Economic Review, 57 (2), pp.197.Miyao, T. (1987), �Dynamic Urban Models,� in Handbook of Regional and UrbanEconomics, Edited by E. S. Mills, Amsterdam: North-Holland, pp.877-925.Mokyr, J. (1990), The Lever of Riches, New York: Oxford University Press.Porter, M.E. (1990), The Competitive Advantage of Nations, New York: Free Press.Romer, P.M. (1990), �Endogenous Technological Change,� Journal of PoliticalEconomy, 98 (Supplement, Pt.2), pp.S71-S102.Romer, P.M. (1992), �Human Capital and Growth: Theory and Evidence,� Carnegie-Rochester Conference Series on Public Policy, 32 (Spring), pp.251-291.Rosenberg, N. (1963), �Technological Change in the Machine Tool Industry, 1840-1910,�Journal of Economic History, 23 (December), pp.414-443.Rotemberg, J., and G. Saloner (1990), �Competition and Human Capital Accumulation: ATheory of Interregional Specialization and Trade,� mimeo, M.I.T..Schlesinger, A.M. (1933), The Rise of the City, 1878-1898, New York: Macmillan.Solow, R.M. (1956), �A Contribution to the Theory of Economic Growth,� QuarterlyJournal of Economics, 70, pp.65-94.Weber, A. (1899), The Growth of Cities in the Nineteenth Century, Ithaca: CornellUniversity Press.Young, A. (1992), �A Tale of Two Cities: Factor Accumulation and Technical Change inHong Kong and Singapore,� NBER Macroeconomics Annual, O.J. Blanchardand S. Fischer (eds.), Cambridge (MA): MIT Press, pp.13-53.