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ABSTRACT

The automobile transformed life in America, but there has been very little quanti-

tative analysis of the diffusion of the automobile in the 1920s and 1930s. In my first

chapter, I compile a new county panel data set with car registrations and highway

miles for the 1920s and 1930s to examine the interaction between automobiles and

the building of highways in three states Indiana, Pennsylvania and Wisconsin. I find

that a 10 percent increase in state highway miles leads to an one percent increase in

car registrations. If the Federal government helped states double their state highway

miles in 1930, the number of automobile registrations in 1942 would have increased

by about 63 percent at the county level.

Using the same instrumental variable with Chapter 1, I discuss the relationship

between the diffusion of motor vehicles on farms and farms’ access to good roads

in Chapter 2. A ten percent increase in farms’ access to hard roads leads to 0.8

percent increase in the number of automobiles on farms, and three percent increase

in the number of trucks on farms. The impact of having access to gravel/shell/clay

roads on farms’ truck adoption is also about three times higher than that on farms’

automobile adoption.

Together with the rapid automobile adoption, deaths from infectious diseases

have declined in the U.S during the 20th century. The 3rd paper examines the rela-

tionship between rapid automobile adoption and the fall in mortality rates, with a

focus on infant mortality in the early 20th century. Cars replaced horses and reduced

the number of horse stables in the cities, along with the manure that nourished gen-

erations of flies, the key carriers of the germs and bacteria responsible for infectious

diseases. This trend helped to improve sanitation on a macro (urban) and hygiene

on a micro (individual) level, especially in large, crowded cities. This, in turn, drove

down deaths from those diseases.
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CHAPTER 1

Get Your Kicks on the Route 66: Automobile Diffusion and Road Development in

the United States in the Early 20th Century

1.1 Introduction

Automobiles play an important role in socioeconomic development through

increasing the mobility and networks of individuals and businesses. Studying

the diffusion of automobiles helps us understand better the determinants of

development and design efficient policies that encourage further progress. It is

commonly believed that the gasoline engine and pneumatic tire innovations led

to the diffusion of automobiles. But that is only part of the story. This paper

aims to expand this story about automobile diffusion and its complement - road

systems in the U.S in the 1920s and 1930s. After compiling a new panel data

set on car registrations and county highway mileage in Indiana, Pennsylvania

and Wisconsin from 1921 to 1942, I constructed an instrumental variable to

examine the endogenous relationship between highway mileage and automobile

adoption in the U.S early 20th century. I also calculate the counterfactual impact of

a doubling in state highway miles in 1930 on the number of car registrations in 1942.

Thanks to mass production that led to affordable cars and a standardized public

road system, the automobile and the automobile-oriented culture started to spread

throughout American life during the early 20th century. By 1912, automobiles were

purchased mainly by the upper class, urban middle class, and by farmers who lived

in rural areas and used trucks to take their products to markets. The pattern of

automobile diffusion within the U.S. was determined by the demand for personal

transportation of an overwhelmingly rural population not adequately served by

mass rail transit, by the distribution of incomes sufficient to buy and operate cars,
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and by improved road development.

Until the 1920s poor quality roads limited automobile travel. There was not a

system of interconnected highways among towns, and roads were not well marked.

Over 90 percent of the roads were un-surfaced and impossible to drive with cars

for most of the year. In 1909 only 8.7 percent of the roads in the U.S were surfaced

and there were no paved roads in rural areas. Most roads had gravel surfaces,

which were quickly destroyed by automobile traffic. The weight and speed of

motor vehicles also quickly broke down macadam roads. Only brick roads were

good enough for automobile travel but the construction costs were too high to

broadly adopt brick roads. From 1909, the American Automobile Association,

the National Association of Automobile Manufacturers, the American Motor Car

Manufacturers Association, the National Grange and the American Road Makers

Association cooperated with each other to promote and lobby for the construction

of a coast-to-coast highway system taking ”the shortest, best and most direct route”

(Flink, 1990). By the end of 1912, a number of major state road building projects

were under way and the federal government became involved with matching grants

and standards just before World War I. As a result, the primitive road network

of 1910 was transformed into an interconnected system of concrete highways by

1930. Property taxes along with county and state bonds mainly financed road

construction. The Federal Aid Road Act of 1916 and The Federal Aid Highway Act

of 1921 began the involvement of the federal government in national standardized

road construction for highways.

Traffic grew dramatically as paved routes lengthened, the prices of automobiles

fell, and pneumatic tires and advances in the internal combustion engine made

traveling safer and more comfortable. By 1919 U.S automobile registrations were

6.6 million, and there were 898,000 trucks on the roads. As the production costs

decreased dramatically during the 1920s, car prices fell and the number of car

registrations increased. By 1929, there were 23.1 million registered cars and 3.5
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million registered trucks (Field, 2011). The increased demand for automobiles, in

turn, generated sizeable amounts of automobile taxes, registration revenues, gaso-

line tax revenue and political pressure from bicyclists and automobile enthusiasts,

who further encouraged better paved roads and road construction in remote places.

Well-developed road systems attracted more potential consumers of automobiles.

Figure 1 illustrates the strong positive and symbiotic relationship between highway

expenditure and motor vehicle taxes that occured before the depth of the Great

Depression in 1933. Thus, the expansion of the road network was critical for

the diffusion of automobiles and vice versa. Together, better built roads and

automobile adoption served as powerful tools for economic and social changes such

as migration of workers, efficiency of distribution and suburban development.

I collected data on the number of automobile registrations and highway mileages

at the county level in three states Indiana, Pensylvania and Wisconsin. The

automobile numbers are available in 12 years from 1921 to 1942. This is my

dependent variable. I examine the relationship between this variable and total

highway mileage in these 3 states, which is also at the county level and goes from

1911 to 1942. Highway mileage is the most important independent variable in my

story. Because of the bi-directional relationship between automobile adoption and

road construction that I described above, my highway variable is endogeneous. I

constructed an instrumental variable (IV), which is a vector of indices for each

county, constructed based on total state highway miles in each year, county

population and proxies for agricultural product values, manufacturing output

values, forest values and mining product values in 1919. The first stage results show

that my IV is significantly related with the endogenous highway variable. I argue

that automobile adoption is dynamic by nature and the number of cars adopted

in the future is related to the number of cars bought in the past. Therefore, I

include the automobile stock in my model. More than that, I examine the impact

of other potential determinants of automobile adoption such as car price, gasoline

price at the state level; hay values, percentage of the population who filed income
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tax return, number of color population and total population at the county level.

Using the estimate from the model, I do some back of the envelope calculations of

the counter factual impact of a doubling in state highway construction in 1930 on

the number of car registrations in 1942.

The analysis of the relationship between highway development and automobile

adoption shows a positive and statistically significant relationship between highway

mileage and the number of automobile registrations in the 1920s and 1930s. A

10 percent increase in state highway miles leads to an one percent increase in the

car registrations. A counterfactual effect calculation suggests that if the Federal

government helped states double their state highway miles in 1930, the number of

automobile registrations in 1942 would have increased by 63 percent in a county.

In addition, income also play an important role in the automobile diffusion process.

After discussing the paths of road development and automobile adoption in the

U.S. in the early 20th century, I summarize the literature on technology diffusion,

especially new vehicle adoption in Section 3. A discussion of the empirical model

(Section 4) and the data (Section 5) leads into the econometric analysis. The counter

factual calculation is in Section 6.

1.2 Historical Framework

Automobiles were first adopted in the late 19th century and early 20th century by

the upper class in the northeastern cities. Those automobiles were imported from

France and Germany with a 45 percent tariff. American manufacturers started to

produce copies of German and French cars in order to avoid the import duties.

Commonly, they copied the Mercedes design with ”open, low-built tourers with

twenty to sixty horsepower and four cylinders”1. The average price of a Mercedes

1Handbook of Gasoline Automobiles, New York: Association of Licensed Automobile Manufac-

turers 1906
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car was $12,450 in 1901. By 1904, people could buy a European style car that

was derived from the Mercedes for $8,000 or $3,700 if produced by a European

manufacturer in the U.S. or an American manufacturer respectively. This price was

still relatively high given that the average annual income in the U.S. in 1910 was

less than $600.2

American automobile manufacturers started to focus more on the middle class

and farmers. In 1908, Henry Ford designed the Model T for rural America. It was

built to handle poor road quality, but it was widely welcomed in urban areas too.

For instance, automobile registrations in New York increased from 7.71 percent of

national automobile registrations to 13.37 percent in 1909, thanks to the Model T.

Motor vehicle registrations doubled from 1913 to 1923. By 1920, 30.7 percent of

the 6.5 million farms in the U.S had automobiles. By 1930, the share had increased

to 58 percent. A survey of car ownership conducted by the General Federation of

Womens Clubs showed overall that 55.7 percent of the 27.5 million families in the

United States in 1927 owned automobiles and that 2.7 million of these families (18

percent of those owning automobiles) owned two or more cars.3 The unique data

about automobile registration at the county level from 1921 to 1942 used in this

paper are collected from Tuttle Motor Co. reports.

Road conditions in the U.S in the late 19th century were not ideal for vehicles

with wheels. Therefore, the League of American Wheelmen launched a campaign

for smooth-surfaced roads, published touring maps and guides, provided road signs

and identified roadside services for tourists. Farmers also lobbied for improved

transportation in order to have better access to markets. Moreover, the establish-

ment of Rural Free Delivery (RFD) of mail in 1891 and its success in 1899 led to

the rapid spread of the program and an increase in the number of postal routes.4

2http://usa.usembassy.de/etexts/his/e prices1.htm
3Facts and Figures, NACC (1925 and 1927); Motor Age (1927)
4Rural Free Delivery is the free delivery system of mails to rural communities. For more

information https://about.usps.com/who-we-are/postal-history/delivering-mail.htm
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In 1902, there were fewer than 8,000 routes. By 1905 there were more than 32,000

routes. The Secretary of Agriculture cooperated with the states through their

respective state highway departments to construct rural post roads. They were

”any public road over which the United States mails now are or may hereafter be

transported, excluding every street and road in a place having a populations, as

shown by the latest available Federal census, of two thousand five hundred or more,

except that portion of any such street or road along which the houses average more

than two hundred feet apart”.5

Farmers supported RFD because RFD made it easier for them to expand their

market access. However, the main restrictions on road building at that time were

that local governments mostly did it individually, and the construction cost was

high. For example, in Massachusetts, it cost about $11,000 to build a mile of new

macadam roads in 1896 and about $15,000 in 1907. Plus, for every mile that

was damaged by heavy traffic, it took an additional $32,000 per mile to repair

the damage. The first census of American roads revealed that in 1904 only 7.14

percent of the 2,151,570 miles of highways in America were surfaced, and most of

these were just gravel roads. There was only about one mile of improved road for

every 492 inhabitants, and almost none of these roads were good enough for motor

vehicle traffic. Until 1909 there was not a single section of paved road in a rural area.

Public concern over the poor condition of American roads began to grow. Sup-

porters for good roads included bicycle enthusiasts, manufacturers, and especially

farmers. Farmers were paying high costs to transport farm products to market,

which were attributable to poor roads. It cost 25 cents per ton-mile to haul given

the road condition in America while it took only 12 cents in Europe on improved

roads. Further, road improvements increased land values in rural areas. Automobile

interests rapidly displaced bicycle organizations as the dominant force in the good

roads movement after about 1903. ”Every Ford that is sold produces a voter for

5Report of the state highway board of Missouri for the period ending December 1, 1918
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good roads... Fords are sold to the great, producing, industrious and serious middle

classes, the class whose voters greatly outnumber all others in the ballot box”

(Ling, 1992). By 1910, the movement for improved roads was led by an alliance of

automobilists and farmers. At the Second Annual Good Roads Convention, the

American Automobile Association, representing the automobile drivers and the

cities, and the National Grange, representing the farmers were the two dominant

influences.6 Their combined lobbying efforts helped transform the primitive road

network of 1910 into an interconnected system of concrete highways by 1930.

The federal government did not contribute much to the development of a

good road system until 1916 with the establishment of the Federal Aid Road Act.

This Act authorized $25 million for the improvement of rural postal roads. The

distribution of funds was based on three parts: one-third on the ratio of population

to the other states, one-third on the ratio of rural postal delivery routes at the close

of the preceding fiscal year, and one-third on the ratio of the state area to the total

area of all the states. The predecessor to the act of 1916 was the 1912 Post Office

Appropriations Bill. This bill appropriated $500,000 for postal road construction

in states where the local governments were willing to pay two thirds of the total

expenses. The Federal Aid Highway Act of 1921 changed federal participation to a

cost-per-mile basis that stabilized at $15,000 per mile in 1924 with the requirement

that states designate a connected road system that would not exceed 7 percent

of the total highways in the state. This still increased federal road construction

greatly. In 1922, the federal money constructed 10,247 miles of highway. This was

more than three times the highway miles that were built by federal money in the

preceding five years. States still had to raise funds to match a proportion of the

total expenses. In 1921, states financed their road construction and maintenance

mainly by property taxes (62 percent of matching funds) and general funds, with

about 25 percent of the money for roads coming from automobile registration fees.

Gross receipts from motor-vehicle registration fees, licenses, permits, etc., nearly

6The Horseless Age: The Automobile Trade Magazine, Volume 24 (1909)
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doubled each 2 year period from 1913 to 1921 and increased 50 percent from 1921

to 1923.7 Approximately 80 percent of the gross revenues from motor vehicles

in 1923 were applicable to highway work or under the supervision of the State

Highway Department. In 1924, only New Mexico failed to collect enough revenue

in motor vehicle licensing and gas taxes to cover the whole cost of matching federal

aid in highway construction.

After funding for road construction was figured out, the State Highway De-

velopment office would work with county boards to lay out the system of roads.

First, they laid out the principal roads that were already well known. Counties

also sent the State Highway Development office their road maps showing the

roads recommended by them for designation as state roads in their boundaries.

The highway department worked back and forth with the counties to outline

and prepare a map of the tentative system. The map would show a connected

system of roads, joining up all of the counties in the state and embracing the main

traveled roads between important points as well as examining new routes on prac-

tical locations where the need was seen to be critical and existing routes not feasible.

Many other factors were taken into account in the process of choosing the

most suitable road system. They included the geographical distribution of the

population and of property values, the relative amounts of traffic on several roads

from a traffic census, population, traffic and property value distributions from

adjacent counties, available routes and trails, and the topographic conditions.

The first two factors were usually more reliable as criteria for general guides than

topographic conditions as there was a close relation between the amount of traffic

and the population and property value, while it was often difficult to understand

the topographic conditions in depth at the beginning of the road planning. Still,

the local topography, characteristics of the soil, and the present condition of any

7Report of the Chief of the Bureau of Public Roads, Washington D.C., Government Printing

Office, 1924
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present roads in the planned areas were considered in road planning. For example,

if there was a road that already had a few inches of macadam or gravel surfacing

that could be used as a base course for macadam resurfacing, or perhaps a brick

pavement, it might have been more economic to resurface with macadam bound

with some bituminous compound, rather than tear up the entire road to build a

concrete surface. A swampy land with soft subsoil might have safely supported a

rigid concrete road but fail to support a gravel or macadam one.

The types of roads selected for any system were chosen in order to satisfy

most traffic conditions and reduce costs. Since a system of roads always included

one main traveled road, which led to a number of secondary roads, and these in

turn led to the smaller roads, the types of roads were selected correspondingly.

Many times, the availability of local materials played an important role in the

design of a road system. Often, a small county would not ship stone from

a distance for a macadam road which required a lot of stone. In that case, lo-

cal materials, which cost about 50 percent as much as non-local materials were used.

After having carefully considered all of these factors, a system of roads was

chosen and the next step was to make approximate estimates of the cost of each

type of road. Total costs extended over a long period of time. They included

the construction cost, which was the original expense in getting the road made,

the interest cost, which was the amount that must be paid for interest on the

money borrowed to build the road, and the maintenance cost, which was the

necessary expense year after year in keeping the road up to the standard that could

reasonably be expected for its type.8 After all these estimates of the costs were

made, it was often found that the cost was higher than the money available. If

this happened, the two options were to: reduce the size of the system to meet the

available funds, or use less expensive types of roads to reduce total cost. If a county

was too poor and available funds were too limited, the only way to get any system

8For more details, see Illinois State Highway Department biennial reports
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of improved roads at all was to build permanent culverts and grade the road to

reduce land gradients. Such a system gave a good type of earth road and would

provide a settled and seasoned roadbed for a future system of hard roads on top of it.

In conclusion, the automobile was widely adopted in America since late 19th and

early 20th century. The development of adequate automobile roads lagged slightly

after that. However, the new roads, in turn, led to more adoption of automobiles as

the value of having a car was increased with more good roads. This is the source of

endogeneity problem in our model that I will describe later.

1.3 Background on Complementary Technologies and Automobile Adoption

This paper fits into the larger literature of innovation and technology diffusion.

Rogers (1962) raised questions about how, why and at what rate new ideas and

technology were spread. According to Rogers, the individual adoption process

included five stages: knowledge, persuasion, decision, implementation and confir-

mation. In addition, to understand the process of new product adoption, one should

also focus on the timing and magnitude of the adoption. Bass (2004) developed a

growth model for the timing of the initial purchase of a durable good, based on the

assumption that the probability of purchase was related to the number of previous

buyers. Using data about color TV sales, the Bass model showed exponential

growth of initial purchases to a peak, and then exponential decay. However, his

model had a strict assumption that the diffusion of an innovation was independent

of all other innovations. That could bias upward the estimation of an innovation

diffusion process. Rogers (2010) and McIntyre (1988) pointed out that related

innovations functioning together would create a link of value for the consumers and

so consumers would have a different adoption process for those innovations. For

example, automobiles co-diffused with roads and the value of automobiles increased

continuously with the number and length of roads until saturation. For a more

detailed summary of this literature, one can see Peres et al. (2010).
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Moreover, different individuals or groups required different time lengths to

adopt an innovation. Hall (2004) finds that this could be explained by consumer

heterogeneity or consumer learning. Upon the timing of adoption by different

groups, adopters were specified into innovators, early adopters, early majority, late

majority and laggards. Except for innovators, adopters were affected by many

socioeconomic factors. For example, some determinants of new technology adoption

were the benefits received by the users, the costs, and the ability to adopt. The

benefits could be the increased utility and profit from using the new products,

but they also included such non-economic factors as the pride of being the early

adopters of something new and trendy. The costs could be the associated learning

cost, adoption cost and operation cost. The ability to adopt was influenced by the

budgets of potential consumers, their education and capability to learn and use

new technologies. Another influence was the availability of necessary infrastructure

for new technology usage and networking effect. The rest of this background

section focuses on the small subset of papers about complementary technologies

and automobile adoption because it is closer to the main idea of my research.

One of the early works about complementary technologies is Saloner and

Shepard (1992). They used data for United States commercial banks for the period

1971 to 1979 to investigate the determinants of the banks’ ATM adoption process.

If ATMs were largely available over geographically dispersed areas, the benefit

from using an ATM would increase since customers would be able to access their

bank accounts from many different places. This implied that the value of an ATM

network increased with the number of available ATM locations, and the value of a

bank’s network to a customer would be determined in part by the final network size

of the bank. As a result, assuming that a bank could extract part of the consumer

surplus, a bank would adopt the ATM more rapidly. They found that the more

branches banks had and the larger the value of the deposits from their customers,

the sooner banks adopted an ATM network.
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Bucklin and Sengupta (1993) explored the co-diffusion of complementary

innovations based on the Bass model. They looked at the relationship between the

adoption of laser scanning devices used in retail checkout stations and the patented

bar code, the Universal Product Code (UPC), read by such scanners. By setting

up four different models in which two innovations react differently with each other,

they found that ”the rate of diffusion of a focal innovation is determined, in part,

by the level of diffusion of its complementary innovation”.

Along this line, Smith (2004) set up a dynamic model in which firms maximize

their net present value of the expected profit by taking into account the cost

savings, adoption of complementary technologies by related firms, and changes in

adoption costs. Three different settings were considered: firms with and without

perfect foresight, and setting without complementary technologies. She found that

linked technologies encouraged a fast adoption process without explicit coordination

or planning among firms. Over time firms had the tendency to partner with other

firms who also used similar level of information technologies and boosted up the

transaction process. And it was cheaper for large firms with greater product variety

to adopt complementary technologies because of greater economies of scale and

scope.

One could think similarly about the complementarity between new technologies

and the development of infrastructure needed for the new technologies. Weiman

(2002)9 showed that private telephone firms developed service with interdependent

demand over a remarkably large geographic area without government intervention,

but this spread was limited by economies of scale until government subsidies

explicitly intervened decades later. Scale-dependent processes yielded greater

efficiencies from concentrating traffic through larger toll centers and the trunk lines

connecting them. Subsidizing the construction of tributary connections to smaller

9This paper was retrieved from http://www-siepr.stanford.edu/conferences/Weiman.pdf
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centers was associated with the greater concentration on trunk lines between larger

cities. This, in turn led to more efficiencies and further development of the service.

In the literature on electric automobiles, Bilotkach and Mills (2012) stated that

scarcity of charging stations might make households reluctant to purchase electric

cars. Construction of a charging station at a destination would increase the electric

vehicle (EV)s operation range. More available charging stations would increase

EV adoption, especially on the second car purchasing decision. Using the data

from 30 different countries in 2012, Sierzchula et al. (2014) found the same positive

relationship between infrastructure and EV adoption. The Beta values stress test

suggests that charging systems are the strongest predictor of this new vehicle

demand among other things such as fuel price, car price and financial incentives

by the government. In addition, Becker et al. (2009) found that the rates of EV

adoption were driven by the low purchase price and operating costs of electric cars,

which included the cost of installing charging and battery switching infrastructure

to extend the range of electric vehicles.

Most papers on automobile demand try to explain why consumers choose the

cars that they buy (because of horsepower, fuel efficiency, body shape, etc.) but

not why they decide to buy cars in the first place. In his dissertation, Arnab Mitra

(2010) was the first, to my knowledge, to examine quantitatively the geographic

diffusion of the automobile soon after it was first introduced. However, he focused on

state level data. This paper looks at the relationship between road construction and

automobile diffusion in the U.S. counties in early 20th century in order to understand

the original triggers of demand for cars and the government’ s role in the adoption

process.
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1.4 The Empirical Model of Automobile Diffusion

1.4.1 Adoption Decision Making Model

Many economic issues are dynamic by nature. Automobile adoption is one of

them. Assume that an individual i might choose to adopt a car. She tries to

maximize her utility or happiness with her decision. She would take into account

the information about the road system in her area, income and needs, exposure

to cars, personal knowledge about cars, their benefit and the costs of adoption

and other alternative transportation modes such as horses or trains, etc. This

information evolves over time. For example, more highways were built and the

benefits of having cars increased with more good roads and road-side services. She

would buy a car if buying that car maximizes her happiness given her current

situation and expectation about the future value.

Given this theoretical story, and assuming that all individuals in a county are

identical, I aggregate all individual demand for car adoption into a reduced form

function at the county level as:

Autoijt = α0 + α1Autoij(t−1) + α2Highwaysijt + α3Incomeijt + α4ColorShareijt +

α5GasPrjt + α6CarPrjt + α7HorsePrjt + α8Popijt +Dyear + γi + εijt

where Autoijt is the number of automobile registrations at county i, state j in year

t. The inclusion of a lagged value captures the dynamic nature of automobile

adoption. Highwaysijt is the total state highway miles in a county. Incomeijt is

the percentage of population who filed for federal tax returns in county i, state j

and year t. This tax share gives us some idea about the share of people with high

income in a county because fewer than 10 percent of individuals and households

earned enough money to have to file income taxes at the time. If income is high,

it might be easier for people to purchase a car. ColorShareijt is the percentage of

color population in a county. It signals the presence of a low income group who
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might not be able to afford luxuries such as a car.

GasPrjt is the average price of regular gasoline in state j in year t. The model

includes gasoline price as many papers in the automobile literature show that

a high gasoline price has a negative effect on the purchase of automobiles. If

it is too expensive for consumers to drive, they might want to switch to public

transportation or other kinds of transportation. Klier and Linn (2010) found that

nearly half of the decline in the market share of U.S. automobile manufacturers

from 2002-2007 was due to the increase in gasoline prices. According to Gallagher

and Muehlegger (2011), the rising price of gasoline was associated with higher sales

of the hybrid models with the highest fuel economy. Beresteanu and Li (2011)

found that the increasing gasoline prices since 1999 explained about 14% of the

increase in hybrid vehicle sales in 2006.

CarPrjt is a proxy price for motor-vehicles in state j in year t. Given an income

level, if the car price increased, fewer people would be able to afford it. HorsePrjt is

the horse price in state j in year t. Horses and wagons were the primary alternative

for cars in the rural areas. If the price of horses was high, people would have greater

incentive to buy a car. A 1912 Automobile Trade Journal contrasted ”Eleven to

seven! A merchant who knows says that it costs him eleven cents per delivery by

horse ..and seven by Ford cars. The difference? Due partially to the tremendously

increased cost of living for Dobbin ..but mainly to the wonderful efficiency of the

Ford”. The more people buy cars, the fewer people buy horses. This in turn drives

horse price down.

Populationijt is population in county i, state j in year t. It is a proxy for the

network of potential consumers and the source for peer effect, as well as traffic jams.

Given the time period in my sample, the 1920s and 1930s, I suspect that the latter

should not be the case. Therefore, α8 should be positive. α1, α2, α3 and α7 are

expected to be positive, while α4, α5 and α6 are expected to be negative. I use
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panel data with the variation of automobile registrations and highways in 12 years

(not continuous) in all counties in three states Indiana, Pennsylvania and Wisconsin

from 1921 to 1942 to identify those parameters. Finally, γi is the county fixed

effect that describes some unobserved characteristics that vary among counties but

do not change within a county. Dyear are year dummies to control for unobserved

shocks that happen over time. εijt is the error term that is normally distributed and

independent across counties.

1.4.2 Endogeneity Problem and IV Construction

Good roads are important conditions for adopting a car because better roads

reduce travel time and increase the comfort when traveling. Increased automobile

adoption can spark a series of economic activities and consequences by a multiplier

effect. Since automobiles and gasoline were taxed, increased diffusion led to higher

tax collections. The expansion of automobiles opened the door to new businesses.

For example, ”Florida was an early leader in building accommodations for tourists

with 178 tourist courts and camps operating by the mid-1920s, complemented by

roadside restaurants or eating establishments. There were also filling stations, and

ultimately garages and service stations to aid the travelers suffering an untimely

breakdown. In 1914 Standard Oil of California opened a chain of 34 standardized

stations along the West Coast. Soon gasoline pumps were being installed not only

at the new service stations but also in front of hardware stores, feed companies,

livery stables, and a variety of other retailers.”10 When the development of stores

and marketplaces offered affordable goods and commodities within a medium range

distance, the benefits of having a motor vehicle to a potential buyer increased. This

would lead to construction of more new roads either by government or state and

county budgets, which were derived proportionally from registration tax and fees.

Therefore, we see a bi-directional relationship between the numbers of cars adopted

and the development of good roads. This problem will bias estimates upward. I

10’The Automobile and the Environment in American History’ retrieved from

http://www.autolife.umd.umich.edu/Environment/E Overview/E Overview6.htm
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use an instrument variable (IV) to deal with this endogeneity problem.

The construction of the IV for state highway mileage in each county is based on

the real administrative process following the passage of the Federal Aid Highway

Act 1921. This Act is a milestone in American Highway History as it marks

one of the first significant attempts of the Federal government to cooperate with

local governments to build a relatively standardized state highway system. The

Bureau of Public Roads requested the latest data about county population, value of

agricultural products, value of mineral products, value of forest products, and value

of manufactured products from the Bureau of the Census. They calculated county

indices for these five critical factors. They added all these together and divided it

by five to obtain a composite index for each county. They then ”adopted squares

as emblems of the indices. When these squares, blackened in, were put into their

appropriate counties on a clean map, we had a series of emblems through which

diagrammetric routes could be laid out. Routes through the heaviest emblems

were routes through the generally wealthiest and all around most important county

areas. Road locations could be made catching obvious local control points along

these diagrammatic lines, and you had a selection from best to poorest almost

staring you in the face.”11

I follow this process to construct my IV. I use the county population, crop

value, manufacturing value of output, the number of mining jobs and the number of

lumber and planing mill jobs in 1919 to get the county indices as described above.

After that, I multiply these indices with the total state highway miles in a state.12

11America’s highways, 1776-1976: a History of the Federal-aid program - Department of Trans-

portation, retrieved from https://archive.org/details/americashighways00unit
12The county population data were available in 1920, 1930 and 1940. The total employment

was in 1930 and 1940. The crop value was in 1930 and 1940. The percent mining of occupations

were available in 1930 and 1940. The numbers of people in lumber occupations and planing mill

occupations were in 1930. The manufacturing value of output data were in 1919, 1929, 1931, 1933,

1935, 1937 and 1939. I interpolated the data for those missing years among the cencus. Total
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For each county i, state j, in year t:

β1 = PopulationIndexij1919 = PopulationijtTotalPopulationjt

β2 = AgricultureIndexij1919 = CropV alueijtTotalCropV aluejt

β3 = MiningIndexij1919 = MiningJobsijtTotalMiningJobsjt

β4 = ForestIndexij1919 =

LumberP laningMillJobsijtTotalLumberP laningMillJobsjt

β5 = ManufacturingIndexij1919 =

ManufacturingV alueOfOutputijtTotalManufacturingV alueOfOutputjt

CountyIndexij1919 = (β1 + β2 + β3 + β4 + β55)2

To get an IV, I multiply these county indices by the state’s state highway miles.

HighwayIVijt =(
CountyIndexij1919

∑
iinj

CountyIndexij1919

)
∗ StateHighwayMilesjt

This constructed HighwayIVijt satisfies two critical conditions for an IV. First,

the county index component is highly related to the state highway miles in each

county because I constructed those indices based on the method that the Bureau

of Public Roads used when they were laying out the map of the potential highway

system. Counties with high county indices because they had higher population and

valuable production factors, got more financial aid from the government to build

highway miles. When I multiply these county indices by total state highway miles

in each state, they represent the scope of the state highway miles in each county.

Moreover, these indices take into account a prediction of topography conditions

state highway miles within a state data are available every year from 1923 to 1941. Because I do

not have data about forest product value, I use the total number of lumber jobs and planing mill

jobs to be a proxy for forest product value. For my IV, I only use the data in 1919.
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implicitly because topography condition affects population and production values.

The first stage results in Table 5 show that my instrument is strong as the F test

values are higher than 100.

Second, this IV is not related to the error terms in my car diffusion model. The

first component of my IV is fixed in 1919. While it reflects closely the method used

by the Bureau of Public Roads to construct highways, this component is not related

to the unobserved shocks on car demand after 1920 in my data. More than that,

time dummies and the county’s income distribution as well as other demographic

characteristics that change over time soak up the variation of determinants of car

demand and the potential reverse-causality between highway construction and car

demand. So what is left in my error term in the second stage becomes more random.

I also have the lagged dependent variable on my right hand side to take care of the

relationship between current car demand and past car demand, together with other

unobserved things associated with the number of cars in the past. Therefore, this

production index is not associated directly with automobile registrations anymore.

The second component in my IV is total state highway miles at the state level. Each

year, these miles were planned and executed by the Federal and state governments

based on their available funds and many different critical factors of socioeconomic

development and national security.13 As a result, it should have little to do with car

demand in a county, especially if a state has many counties.

1.5 Data

Table 1.1 presents the summary statistics of the variables included in the estimation.

Automobile registration data at the county level are digitized from Tuttle Motor

Co. reports. They are available in 12 years: 1921, 1923, 1928, 1930, 1931, 1935

and each year from 1937 to 1942. Except for 1921 in which I only know the total

13See more information about the Pershing map and the development of the Interstate Highway

System from ”America’s highways, 1776-1976: a History of the Federal-aid program” - Department

of Transportation
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automobile registration number, in all other years the automobile data include

both truck and passenger car registrations. From 1923 to 1942, the average number

of passenger cars was 13145 in the counties. The average number of trucks was

2196. The average number of total car registrations was 14492. Philadelphia had

the highest total car registrations 337201 in 1942, followed by Allegheny (PA) with

308070 cars. These counties also had population levels of more than one million

people. Florence (WI) had the lowest total car registrations of 173 in 1921 and

their total increased to more than 1000 cars in 1942. Figures 2, 3 and 4 show the

diffusion of automobile registration numbers from 1921 to 1942 among counties in

Pennsylvania (66 counties), Indiana (91 counties) and Wisconsin (70 counties).

The state highway mileage at the county level is collected from Department of

Public Works’ Highway and Transportation’s biannual reports in different states

from 1911 to 1942. The average state highway mileage at the county level was about

39 miles. Because of the intermittent nature of historical data, I only used 3 states

for which I had the most available years: Indiana, Pennsylvania and Wisconsin.

Public highway mileage in Indiana is available in 1929 to 1932, 1934, 1936 to 1939,

1941 and 1942. In Pennsylvania, public highway mileage data are available in 1912,

1914, 1917, 1920, 1930, 1932, 1934, 1936, 1938, 1940, 1942 and 1944. Wisconsin

highway data are from 1911 to 1918 and 1922 to 1942. The average highway

mileage among these 3 states was 228 miles. Wisconsin had the highest number

of highway mileage at the county level. It was 2798 miles. Figure 5 and 6 show

the development of highway miles from 1921 to 1942 among counties in these three

states. One important note is that before the existence of the Interstate Highways

that came with the Federal Aid Highway Act 1956, roads in each state had 3 main

components: postal roads, state highways and local roads. State highways included

both U.S Routes and state or provincical routes financed by Federal grants and

state’s funds. In my model, I only use the state highway miles, not the postal

or local roads. In my model, I interpolated highway values for the years with

missing values. To avoid the potential endogeneity issue between highways and
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car adoption over time, I used the average growth rate in the previous years to

fill in missing values of current years. Figure 7 shows the relationship between

state highway miles and car registrations in my sample, from 1921 to 1942 in the U.S.

Since a consistent set of direct evidence on automobile prices by state and

year is not available for the entire period, I use the state price data constructed

in Arnab Mitras thesis (2010). Based on the information available, the price of

the same motor vehicle in various cities varied with respect to the shipping costs

from Detroit, which in turn was positively related to the distance from Detroit. He

therefore constructed a proxy price of a typical car in the following manner: Models

from six different motor vehicle makers were in frequent use during the first half

of the twentieth century. These were Buick, Cadillac, Chevrolet, Dodge, Ford and

Packard. Ford accounted for the highest share (more than 50 percent). Therefore,

in order to estimate the motor vehicles usage equation, he needed a ”composite

price” of a ”typical car”. Using the national wholesale price index (from Bureau of

Labor Statistics and the index number of price of car (1926 = 100), he constructed

a state car price from the base price of a typical motor vehicle at Dearborn city in

Detroit, Michigan. He used the distance from Dearborn to the most populous city

of each state in 1910. The distance was then multiplied by the unit tariff rate and

the typical weight of a car of 2,265 pounds (based on the Ford Model A) 14. This

way of using the rail freight to construct the car price might not work in general

for the whole U.S. However, since I only look at three states Indiana, Pennsylvania

and Wisconsin, that are close to each other, I assume that rail transportation is

more popular than vessel method. Therefore, one does not have to worry about

vessel freight.

StateCarPricejt = BasePriceAtDetroitjt +Weight ∗Distance ∗ Tariffjt
14Data on the tariff rate was available from ”New Automobiles in Interstate Commerce” No.

28190 (Interstate Commerce Commission Reports), Page: 564 & 569
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Besides the car price, gasoline prices and horse prices are other factors that

influence the adoption process. Horses and cars are substitutes while gasoline and

cars are compliments. I use horse prices to be a proxy for horse demand.

Another reason for the adoption of automobiles in the U.S. was that people

incomes rose enough to afford a car. As a result, it is important that I control

for income. I use the percentage of population that filed federal income tax

returns in a county as a measure of high incomes at the county level with a

mean of 0.03. It is a good measure because only families with incomes above

$5000 or individuals with income over $2000 were required to file a tax return.

Data for 1929 and 1934 are from U.S Department of Commerce, Bureau of

Foreign and Domestic Commerce (1932 and 1939, respectively); data for 1930,

1933, 1937 and 1938 are from U.S. Bureau of Internal Revenue (1932, 1935,

1939 and 1940, respectively); data for 1931, 1932, 1935 and 1936 are from Rand

McNally (1934, 1935, 1938 and 1939, respectively). I also use the percent of

colored people in a county’s total population to get an idea about the lower tail of

the income distribution. These people were less likely to get a car at this early stage.

I also use interpolated population data at the county level from 1920 to 1940

census to be a proxy for the potential network within a county over time which

might have either negative or positive relation with automobile adoption through

increase traffic jams or peer effects. Together with all other demographic variables,

they come from the data set in Fishback et al. (2011) ”Information and the Impact

of Climate and Weather on Mortality Rates During the Great Depression”.

1.6 Results

Table 1.2 shows the results for total automobile registrations. Table 1.3 and 1.4

show the results for passenger cars and trucks, respectively. Column 1 contains

OLS estimates. Column 2 contains the 2SLS estimations in which the IV is the
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interaction between county population and production indices and total state

highway miles. The coefficients are elasticities because I use a log-log specification.

As expected, state highway mileage is statistically significantly related with

automobile adoption in all three specifications. In Table 1.2, a 10 percent increase

in total state highway miles leads to about a one percent increase in the number

of car registrations, which is statistically significant at the one percent level. The

effects are similar for passenger cars iin column 2 of Table 1.3. However, a 10

percent increase in total state highway miles leads to only 0.7 percent increase

in truck registrations in column 2 of Table 1.4. This difference could be because

the main buyers of trucks were farmers. They might have had lower income

than the middle class, who were the main adopters of passenger cars. It would

be easier for the middle class to buy a car, once they saw the good road system

was built, than for a farmer to buy a truck, given the difference in their income levels.

The percentage of the population who filed federal tax returns had a positive

and statistically significant relationship with automobile registrations. A 10 percent

increase in the percentage of tax return filers was associated with about 0.37 percent

increase in the number of cars or passenger cars, and 0.18 percent rise for the

number of trucks. At the lower portion of the income level, a 10 percent increase in

the percent of colored population is related to about 0.002 percent decrease in the

number of car registrations even though this result is not statistically significant.

This shows a robust positive connection between income and new durable good

adoption as the percent of population file for tax return is a proxy for the rich and

the percent of colored people is a proxy for the poor. This result matches with

what has been found in the literature of durable good adoption.

When having horses became expensive, people started to look for different

alternatives. Cars are a good substitute for horses, therefore, I expected that people

adopted more cars if horse price became higher. However, my results do not show

this. The horse price has a negative but not statistically significant correlation with
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automobile adoption, except for truck adoption.

Gasoline and automobiles are complement products in the sense that cars need

gasoline to operate their gasoline engine. In Table 1.2, a 10 percent higher in

gasoline price is associated with about a 0.2 decrease in total car registrations,

a 0.3 percent decrease in passenger car registrations, and about a 0.9 percent

increase in the number of trucks. This last coefficient is statistically significant

at the one percent level. It shows that farmers, who bought trucks, had a more

elastic cross-price elasticity with gasoline prices than the middle-class, who mainly

bought passenger cars and might have higher income so the were less sensitive to

the chages in gasoline price.

Car price is another important factor in automobile adoption.Unexpectedly, I

find a positive relationship between car price and car registrations. This, again,

might be because of measurement errors in the process of calculating state car price.

Finally, population is a proxy for the network of potential adopters. More

people means a bigger network, more peer effects and more word-of-mouth about

car adoption. However, I did not find that county population has a statistically

significant and positive relationship with total automobiles. In Table 1.4, a 10

percent increase in population is associated with 0.3 percent higher in the number

of trucks.

Armed with these 2SLS parameters, I did a back of the envelope calculation

to see the counterfactual effect of an increase in highway grants on automobile

adoption. In particular, I assumed that Federal and state governments doubled the

total state highway miles in 1930. Based on the county population and production

indices described in the Empirical Model session, I estimated the counterfactual

miles that each county would get, then calculated the dynamic change in the total

automobile registrations in 1942. Every year since 1930, the percentage change in
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the total car registrations is:

%∆Autosijt = α̂1%∆Autoij(t−1) + α̂2%∆Highwaysijt

in which,

%∆Highwaysijt =((
CountyIndexijt

∑
iinj

CountyIndexijt

)
∆HighwaysjtHighwayijt

)

I found that if the state highway miles were doubled in 1930, the number of

car registrations in 1942 would have increased by 63 percent in a county. This

primative calculation gives a hint of the government’s positive role in encouraging

new technology adoption through constructing complement infrastructure at the

early stage.

1.7 Conclusion

This paper examines the association between public highway development and

automobile adoption in the twelve years between 1921 and 1942. In contrast with

the common belief that more roads lead to more cars, this paper shows that the

story is complicated because of the bi-directional relationship between cars and

roads. Moreover, highways might not have been the only main reason for the rapid

automobile diffusion in the U.S in the 1920s and 1930s.

The expanding adoption of cars led to strong political and financial support for

more public road construction; then more roads led to even faster car diffusion in

the society. Given the complementary relationship between road development and

automobile diffusion, normal OLS results might be biased. I construct an IV based

on the process used by the Bureau of Public Roads to map out the potential state

highway system in the Federal Aid Highway Act 1921. The IV has two components.

The first one is county indices, which were compiled from county populations and
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four critical production factors: agricultural product value, mining product value,

manufacturing product value and forest value. The second part is the total state

highway miles in a state to get an idea about the distribution of highway miles

among counties. The first stage results proves that this is a strong IV for my

highway variable. This IV is used to deal with the endogeneity problem and the

dynamic nature of automobile adoption process.

I find that increasing state highway miles led to more car adoption. A 10

percent rise in total state highway miles led to about a 1 percent increase in the

number of car registrations, and a 0.7 percent increase in the number of trucks.

Both effects are statistically significant at one percent. A counterfactual effect

calculation shows that if the government doubled the total state highway miles

in 1930, then the total car registrations in 1942 would have increased by about

63 percent in a county through dynamic feedback. Moreover, income also have a

positive and statistically significant association with automobile adoption. A 10

percent increase in the percentage of income tax filers is associated with 0.3 percent

increase in total car registrations.

On the other hand, the gasoline price has a negative and statistically significant

relationship with car registrations. The more expensive gasoline was, the less

willing people were to buy it. This was especially true for truck adopters, who were

mainly farmers and more sensitive about gas prices than passenger car adopters,

who were mostly middle-class with higher income. A 10 percent increase in gasoline

price is related to a 0.9 percent decrease in the number of trucks. From all of my

results, other variables have ambiguous association and statistically insignificant

with the automobile adoption.

In conclusion, automobiles were a type of new durable product in the U.S be-

fore WW2 and they are still a new durable good in developing and less developed

countries today. Besides highway development, there are many factors that affect
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automobile adoption such as income, car price, prices of complement and substitute

products, and network effect. This paper focuses on the bi-directional relationship

between cars and roads. It fits into the literature of new vehicle adoption, and con-

tributes a new instrument to deal with the well known endogeneity problem between

cars and roads. It finds a robust and significantly positive causality between state

highways and automobile diffusion in the U.S in the 1920s and 1930s.
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Figure 1.1: Highway Expenditure and Motor Vehicle Taxes
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Figure 1.2: Total Automobile Registrations in Pennsylvania Change over time

Figure 1.3: Total Automobile Registrations in Indiana Change over time
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Figure 1.4: Total Automobile Registrations in Wisconsin Change over time

Figure 1.5: State Highway Miles in Pennsylvania Change over time
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Figure 1.6: State Highway Miles in Indiana Change over time

Figure 1.7: The Diffusion of Automobiles and Highway network
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Table 1.2: Regression Results for Total Automobile Registrations with log on both
sides

(1) (2)
OLS 2SLS

TotalCarsStockt−1 0.893*** 0.906***
(0.0263) (0.0185)

Highway Miles 0.0333*** 0.100***
(0.00947) (0.0173)

Tax Return 0.0410*** 0.0331***
(0.00976) (0.00639)

Color -0.000295 -0.000223
(0.00379) (0.00381)

Horse Price 0.00367 -0.0571
(0.0419) (0.0426)

Gas Price -0.0365** -0.0241
(0.0179) (0.0260)

Car Price 106.9*** 171.1***
(19.56) (29.28)

Population -0.0474 -0.0266
(0.0788) (0.0576)

Constant -715.7*** -1162.7***
(131.4) (199.2)

Observations 1387 1387
County and Year FE Y Y

Standard errors in parentheses.

∗p < 0.10, ∗ ∗ p < 0.05, ∗ ∗ ∗p < 0.01
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Table 1.3: Results for Total Passenger Cars Registrations with log on both sides

(1) (2)
OLS 2SLS

Pass.CarsStockt−1 0.889*** 0.897***
(0.0250) (0.0191)

Highway Miles 0.0360*** 0.109***
(0.0103) (0.0184)

Tax Return 0.0456*** 0.0370***
(0.0112) (0.00692)

Color 0.000794 0.000725
(0.00396) (0.00410)

Horse Price 0.0535 -0.0126
(0.0477) (0.0460)

Gas Price -0.0402** -0.0262
(0.0202) (0.0288)

Car Price 108.9*** 181.4***
(22.13) (31.55)

Population -0.0586 -0.0289
(0.0825) (0.0625)

Constant -729.4*** -1232.9***
(148.6) (214.7)

Observations 1387 1387
County and Year FE Y Y

Standard errors in parentheses

* p < 0.10, ∗ ∗ p < 0.05, ∗ ∗ ∗p < 0.01
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Table 1.4: Regression Results for Total Truck Registrations with log on both sides

(1) (2)
OLS 2SLS

TrucksStockt−1 0.936*** 0.943***
(0.0130) (0.0118)

Highway Miles 0.0207** 0.0740***
(0.00923) (0.0224)

Tax Return 0.0232*** 0.0176**
(0.00748) (0.00792)

Color -0.00141 -0.00118
(0.00487) (0.00484)

Horse Price -0.156*** -0.200***
(0.0499) (0.0534)

Gas Price -0.0925*** -0.0910***
(0.0220) (0.0339)

Car Price 63.99*** 111.9***
(23.20) (37.15)

Population 0.00516 0.0285
(0.0739) (0.0678)

Constant -428.0*** -759.9***
(155.6) (252.8)

Observations 1387 1387
County and Year FE Y Y

Standard errors in parentheses

* p < 0.10, ∗ ∗ p < 0.05, ∗ ∗ ∗p < 0.01
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Table 1.5: First Stage Results

(1) (2) (3)
Total Cars Passenger Cars Trucks

IV 1.077*** 1.079*** 1.091***
(0.048) (0.047) (0.05)

Cars Stock -0.034 -0.045 0.015
(0.047) (0.045) (0.024)

Tax Return -0.002 -0.003 -0.006
(0.016) (0.016) (0.016)

Color 0.002 0.002 0.003
(0.009) (0.01) (0.01)

Horse Price 0.298*** 0.304*** 0.289***
(0.105) (0.106) (0.105)

Gas Price 0.001 -0.01 -0.004
(0.067) (0.069) (0.069)

Car Price 193.424** 193.957** 190.505**
(80.529) (80.50) (80.47)

Population -0.069 -0.051 -0.119
(0.148) (0.149) (0.137)

F test 179.51 179.67 187.26
Observations 1387 1387 1387

Standard errors in parentheses.

∗p < 0.10, ∗ ∗ p < 0.05, ∗ ∗ ∗p < 0.01
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CHAPTER 2

Good Roads and Automobiles on Farms in the Early 20th Century

2.1 Introduction

New technologies such as the steam engine, railroad, electricity, television, tele-

phone, computer, Internet, and automobile can contribute greatly to economic

growth only when they are widely diffused and used. However, diffusion takes time

because potential consumers have to go through a complicated decision-making

process in which they compare the benefits and costs of adopting a new invention,

advantages and disadvantages of that new invention, and current alternatives. At

the beginning, the infrastructure that a new technology requires in order to achieve

its full functionality and make dramatic contribution, is relatively underdeveloped

and hence requires some time for adjustment and development (Rosenberg, 1994;

Helpman, 1998). As a result, it might be relatively more costly to adopt early than

to do it later. For example, when automobiles were introduced to Americans early

20th century, they needed roads, bridges, roadside services and gasoline stations

in order to make their full contribution to consumers’ driving experience. The

experience of driving a motor vehicle would not be as pleasant and smooth as it

promised to be if the roads were not compatible enough. Potential automobile

buyers consider benefit of faster and more comfortable mobility both in terms of

short and long distances given the current road system, road services and costs

such as car prices, gasoline prices and taxes. With a car, they can get the benefit

of living further away from their workplace, easy traveling and frequent shopping

without taking care of horses and depending on fixed railroads.

Understanding those factors that affect consumers’ adoption decision is neces-

sary for not only producers and sellers of such technologies but also policy makers.
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The engineers and urban planners must realize that the effectiveness of motor

vehicles critically depends on the condition and development of existing roads.

The increased demand for automobiles in turn, generated sizeable amounts of

automobile tax, registration revenues and gasoline tax that further encouraged road

construction at remote places. This in turn, attracted more potential consumers

of automobiles. Thus, the expansion of the road network, especially in the United

States was critical for the diffusion of automobiles and vice versa. Taking road

building and automobile adoption together could serve as a powerful tool for eco-

nomic and social changes such as migration of workers and suburban development.

This paper focuses on the relationship between having access to good roads1 and

automobile adoption on farms prior to World War II in the U.S. Particularly, I show

that as farms’ access to good roads increased, they adopted more cars and trucks.

Because of the endogeneity problem between car adoption and access to good roads,

I constructed an IV from the counties’ production indices and state highway miles

for the endogeneous access to good roads variable. I find that the positive impact

of having access to good roads on truck adoption is consistently about three times

higher than that impact on car adoption by farmers. This paper fits into with other

works on determinants of new technology adoption at the early stage, but it is one

of the first ones that quantitatively examine the endogenous relationship between

cars and roads in the early 20th century.

2.2 Historical Framework

Some of the obvious determinants of new technology adoption are the benefits

received by the users, the costs and the ability to adopt. The benefits could be

the increased utility and profit from using the new products, but also include such

non-economic factors as the pride of being the early adopters of something new

1”good roads” are defined as any hard roads, gravel roads, shell roads or at least better than

dirt roads
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and trendy. The costs could be the associated learning cost, adoption cost and

operation cost. The ability to adopt could be consumers or adopting firms’ budget,

education level and capability to learn and use new technologies, etc. It also could

be the necessary infrastructure for new technology usage and networking effect.

Helper (1995) studied the adoption of computer numerically controlled (CNC)

machine tools in the U.S auto component supply industry. A CNC machine did not

have to be controlled manually by an operator; it could be programmed to be run by

a computer and thus could significantly increase productivity and product quality.

Helper tested for the impact of expected efficiency gains, market power of the firm,

and the stability of the firms relationship with its customers, which guarantees

the presence of future demand. The results showed that the relationship with

customers was so important in the automotive industry that firms, which would

have had a significant increase in efficiency but did not have a stable customer base,

adopted a CNC machine in fewer than 50 percent of the cases. Firms wanted to be

assured that there would be profit in the future to pay for the costly investments

in new production technologies.

Studies on the telecommunications industry have found similar evidence. Ma-

jumdar and Venkataraman (1998) used data from the forty largest United States

firms for the years 1973, 1978, 1981, 1984 and 1987 to understand the adoption of

electronic switching technology by telecommunications firms. Electronic switching

technology offered significantly more efficient and improved services than the

former technology. Electronic switching technology increased operating efficiency,

reduced cost, and also enabled firms to offer new services that old electromechanical

switches cannot. As a result, even though electronic switches were compatible with

electromechanical switches, firms had incentives to adopt electronic switches in or-

der to improve overall efficiency and customer satisfaction, which led to higher profit.

Rosenberg (1972) argued that the skill level of workers and the state of the
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capital goods sector were two of the important determinants of diffusion of a

technology to individual firms, because both workers and capital goods were

crucial for successful implementation and operation of a new invention. Support

for Rosenbergs argument came when Caselli and II (2001) looked at computer

adoption in a large number of OECD countries during the period 1970 to 1990.

They found that worker aptitude (measured as educational levels), the openness to

manufacturing trade, and the overall investment rate in the country are among the

important determinants of the level of investment in computers. At the household

level, Kennickell and Kwast (1997) used the 1995 Survey of Consumer Finances to

examine the households’ use of technologies, including electronic means, to transact

at a financial institution and to gain information for making saving and borrowing

decisions. They found evidence for the correlation of household income, financial

assets, age, and years of education with the consumer adoption of electronic

banking. Goldfarb (2002) looked at the adoption patterns of the electric motor in

three industries, automobile manufacture, printing and paper-making in the early

part of the 20th century and showed that the technological difficulty of adapting

the motor to particular tasks is the main explanatory for the adoption.

Saloner and Shepard (1992) used data for United States commercial banks for

the period 1971 to 1979 and found evidence for the role of network effect in banks

ATM adoption. If ATMs were largely available over geographically dispersed areas,

the benefit from using an ATM would increase since customers would be able to

access their bank accounts from many different places. This implied that the value

of an ATM network increased with the number of available ATM locations, and

the value of a banks network to a customer would be determined in part by the

final network size of the bank. As a result, assuming that a bank could extract

part of the consumer surplus, a bank would adopt the ATM more rapidly. They

found that the more branches banks had and the larger the value of the deposits

from their customers, the sooner banks adopted ATM network. Along this line,

Gowrisankaran and Stavins (2002) used Feds panel dataset on bank adoption and
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usage of automated clearinghouse (ACH) electronic payments system from 1995

to 1997 quarterly, and developed three methods to identify network externalities

for the ACH payments system. First, they examined the existence of clustering

in ACH adoption. Second, they instrumented for adoption decisions by sizes and

concentration of other banks. And third, they used a quasi-experimental variation

in ACH adoption to identify network externalities. All three identification methods

revealed significant and robust evidence of network externalities.

Moreover, adoption of new technologies depends a lot on the development of

infrastructure that needed for the new technologies. Bilotkach and Mills (2012)

stated that scarcity of charging stations might make households reluctant in getting

electric cars. Construction of a charging station at a destination would increase the

electric vehicle’s (EV) operation range. This in turn would have an effect on EV

adoption, especially on the second car purchasing decision. Besides that, Becker

et al. (2009) found that the rates of EV adoption were driven by the low purchase

price and operating costs of electric cars, which included the cost of installing

charging and battery switching infrastructure to extend the range of electric vehicles.

My paper looks at the determinants of automobile diffusion on farms in U.S

counties in the early 20th century. Particularly, it focuses on the connection between

farms’ access to good roads and the number of automobiles on farms. It fits into

the literature about new technology adoption at the early stage. Instead of using

the railroad system or the traditional straight-line method to construct my IV, I

calculated counties’ production indices, then used them together with state highway

miles to build an IV for the endogenous access to good roads variable. My finding

matches the expectation about the positive relationship between farms’ automobile

adoption and access to good roads after control for other factors such as income,

hay value, car price and gasoline price.
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2.3 Data

Table 2.1 presents the summary statistics of the variables included in the estima-

tion. From 1930 to 1940, the average number of trucks on farms per farm was

approximately 0.2. Clay County in Kentucky has the smallest number of trucks per

farm 0.001. Hudson County in New Jersey has the highest number of trucks per

farm 1.5. From 1930 to 1940, the average number of automobiles on farm per farm

was about 0.7. Leslie County in Kentucky had the smallest number of automobiles

on farm per farm while Kern County in California had the largest number. The

difference between the minimum and the maximum average numbers of trucks and

cars on farm in different counties indicates that the counties features played an

important role in adopting those vehicles. Therefore, while explaining the variation

in automobile diffusion across counties and states, the unobserved counties and

states features need to be controlled for.

The highway mileages at the state level are available from 1923 onwards. For

the period from 1923 to 1945, the average existing highway mileage in a state in

a given year was approximately nine thousand. Delaware had the minimum (351

miles) in the year 1923 and Texas had the maximum (approximately 60 thousand)

in the year 1945. For the period of 1923 to 1945, Rhode Island had the lowest

average (approximately 1,203 miles) existing highway mileage among all states. For

the same period, Texas had the highest average (approximately 38 thousand miles)

existing highway mileage among all states.

The percent of farms with access to hard roads, gravel roads, shell roads or

improved dirt roads are available in 1925, 1930 and 1940 at county level with the

average is about 61 percent. The lowest rate is almost zero in Crockett, Reagan and

Upton counties (Texas), Franklin (Florida) and Storey (Nevada). The highest rate

is 100 percent in Loving (Texas). Figure 1 and 2 show the positive relation between

the diffusion of automobiles and the access to roads that are hard, gravel, shell,
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clay or improved roads2 in 1930 and 1940. The more farms with access to good

roads, the higher were the numbers of automobiles on farms. Figure 2.3 shows the

association between the changes in cars on farms and the changes in the percentage

of farms that have access to improved roads. From Figure 2.4 to Figure 2.12 this

positive association is seen in different regions of the country: South East Central,

North East Central, South West Central, North West Central, South Atlantic, Mid

Atlantic, New England, Pacific and Mountain areas.

Since a consistent set of direct evidence on automobile prices by state and year is

not available for the entire period, I use the method suggested in Arnab Mitra’s thesis

(2010) to estimate the state price for cars. Based on the information available, the

price of the same motor vehicle in various cities varied with respect to the shipping

costs from Detroit, which in turn was positively related to the distance from Detroit.

He therefore constructed a proxy price of a typical car in the following manner. Six

different models of motor vehicles were in frequent use during the first half of the

twentieth century. These were Buick, Cadillac, Chevrolet, Dodge, Ford and Packard.

Ford accounted for the highest share and every second vehicle was either a Ford or

a Chevrolet. Therefore, in order to estimate the motor vehicles usage equation, he

needed a ”composite price” of a ”typical car”. Using the national wholesale price

index (from Bureau of Labor Statistics and the index number of price of car (1926 =

100), he constructed a state car price from the base price of a typical motor vehicle

at Dearborn city in Detroit, Michigan. He used the distance from Dearborn to the

most populous city of each state in 1910. The distance was then multiplied by the

unit tariff rate and the typical weight of a car of 2,265 pounds (based on the Ford

Model A).3 For state j and year t:

StateCarPricejt = BasePriceAtDetroitjt +Weight ∗Distance ∗ Tariffjt
2from now on, I call them ”improved roads” unless indicate otherwise. Improved roads are good

roads.
3Data on the tariff rate was available from ”New Automobiles in Interstate Commerce” No.

28190 (Interstate Commerce Commission Reports), Page: 564 569
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Annual earnings per average retail employee data are available in 1929, 1935 and

1939. Retail sales per capita data are available in 1929, 1933, 1935 and 1939. Per-

centage of tenant farms data is from 1920 through 1940. The percent of population

filed tax return data is from 1921 to 1941. Percentage colored of population data

are from the cencus 1920, 1930 and 1940. State horse prices are available from 1919

to 1941. State gasoline prices are available from 1927 to 1941. Population density

is constructed from interpolated county population and areas between 1920, 1930

and 1940. All the data are from the data set in Fishback et al. (2011) ”Informa-

tion and the Impact of Climate and Weather on Mortality Rates During the Great

Depression” and Haines (2010) ICPSR 2896 data set.

2.4 The Empirical Model of Automobile Diffusion

From the current literature, we know that income, the level of financial assets and

education all play important roles in consumers’ GPT adoption. We expect that

higher income, financial assets and education levels will raise probability that a

farmer would buy a motor vehicle. The cost of adoption and operation such as car

price, gasoline price are important too. If the car price is too high, such as Model

T by Ford was more than $800 before 1908, not many people could afford it, given

the annual household income was less than $1000. Once its price was reduced to

less than $300, thanks to Ford’s mass production intervention, the number of cars

sold immediately increased. Therefore, I include those factors in our motor vehicles

diffusion equation.

Many papers in the automobile literature show that high gasoline prices have

negative effects on consumers’ automobile preference. If it is too expensive for

consumers to drive, they might want to switch to carpooling, public transportation,

or other kinds of transportation. Klier and Linn (2010) found that nearly half of

the decline in the market share of U.S. automobile manufacturers from 2002-2007

was due to the increase in gasoline prices. According to Gallagher and Muehlegger
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(2011), rising gasoline prices are associated with higher sales of the hybrid models

with the highest fuel economy. Beresteanu and Li (2011) found that the increasing

gasoline prices since 1999 explained about 14 percent of the increase in hybrid

vehicle sales in 2006. Horse prices should also be considered because the horse and

wagon were the primary alternative to cars, especially in the rural areas at this

time. If the horse price is high, people may want to buy cars instead, if all other

factors stay the same. A 1912 Automobile Trade Journal contrasted the costs of

horses and cars by exclaiming ”Eleven to seven! A merchant who knows says that it

costs him eleven cents per delivery by horseand seven by Ford cars. The difference?

Due partially to the tremendously increased cost of living for Dobbin, but mainly

to the wonderful efficiency of the Ford”.

Moreover, the access to good roads is an important condition for adopting a

car because a car runs less effectively without good roads. As access to good roads

became easier, motor vehicles became more attractive. Potential buyers noticed a

significant improvement in the standard of living of those who already purchased

then decide to purchase given the road condition in their communities. As more

motorists hit the road, it sparked a series of economic activities and consequences

by a multiplier effect. Economic activities also gained momentum through a

massive increase in tax dollars paid by the motorists and the introduction of several

stores, marketplaces and suburbs surrounding the new roads. For example, Florida

was an early leader in building accommodations for tourists with 178 tourist courts

and camps operating by the mid-1920s, complemented by roadside restaurants or

eating establishments. Filling stations, and ultimately garages and service stations

popped up to aid the travelers suffering an untimely breakdown. In 1914 Standard

Oil of California opened a chain of 34 standardized stations along the West Coast.

Soon gasoline pumps were being installed not only at the new service stations but

also in front of hardware stores, feed companies, livery stables, and a variety of

other retailers.4

4The Automobile and the Environment in American History retrieved from
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With the development of stores and marketplaces offering affordable goods

and commodities within a medium range distance, the benefits of having a motor

vehicle to a potential buyer soared even higher. This in turn led to construction of

more new roads as well as increasing access to good roads, either by government or

individual budgets under the political and economic pressure by farmers, motorists

and automobile makers associations. Those individuals were business owners and

automobile owners who sought improved and extended roadways. They were willing

to pay the full marginal costs of rural road improvements as long as the benefits of

such improvements would be much higher than their own costs. Therefore, we can

see the possibility of a bi-directional relation between the number of cars adopted

and access to good roads. In other words, access to good roads is not exogenous as

in the basic assumptions of the OLS model. This problem will make my estimations

biased and inconsistent. It will be addressed below.

The motor vehicle diffusion equation can be expressed as:

Autoijt = α0 + α1CarPricejt + α2GasPricejt + α3HorsePricejt +

α4AccessRoadsijt + α5Xijt +Di +Dj + T + εijt

Where Autoijt is the number of cars or trucks on farms per farm in county i,

state j, in year t; CarPricejt is a proxy for the motor-vehicle price; GasPricejt

is the average price of regular gasoline; HorsePricejt is the horse price in state j

in year t, Accessroadsijt is the percent of farms with access to hard, gravel, shell

and better than dirt roads in county i, state j, in year t, Xijt is a vector of other

county demographic characteristics such as population density, percent illiterate,

percent negro, tax returns per capita, annual earnings per average manufacturing

employee, retail sales per capita, and the percentage of tenant farms in county i,

state j and year t. They give us some idea about network, economic development

http://www.autolife.umd.umich.edu/Environment/EOverview/EOverview6.htm
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and the income distribution in a county. Di and Dj are vectors of county dummy

variables; and T is the year fixed effect. εijt is the error term, which is assumed

to be normally distributed. α1 and α2 are expected to be negative while α3 is

supposably positive. α4 should be positive but the OLS estimator is biased upward

because of the endogeneity problem described before.

The construction of the IV for state highway mileage in each county is based on

the real administrative process following the passage of the Federal Aid Highway

Act 1921. This Act is a milestone in the American Highway History as it marks

one of the first significant attempts of the Federal government in cooperating with

local governments to build a relatively standardized state highway system. The

Bureau of Public Roads requested the latest data about county population, value of

agricultural products, value of mineral products, value of forest products, and value

of manufactured products from the Bureau of the Census. They calculated county

indices for these five critical factors. They added all these together and divided it

by five to obtain a composite index for each county. They then ”adopted squares

as emblems of the indices. When these squares, blackened in, were put into their

appropriate counties on a clean map, we had a series of emblems through which

diagrammetric routes could be laid out. Routes through the heaviest emblems

were routes through the generally wealthiest and all around most important county

areas. Road locations could be made catching obvious local control points along

these diagrammatic lines, and you had a selection from best to poorest almost

staring you in the face.”5 I use the county population, crop value, manufacturing

value of output, the number of mining jobs and the number of lumber and planing

mill jobs in 1919 to get the county indices. After that, I multiply these indices with

the total state highway miles in a state.6 For each county i, state j, in year t:

5America’s highways, 1776-1976: a History of the Federal-aid program - Department of Trans-

portation, retrieved from https://archive.org/details/americashighways00unit
6Total state highway miles within a state data are available every year from 1923 to 1941.

Because I do not have data about forest product value, I use the total number of lumber jobs and

planing mill jobs to be a proxy for forest product value
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β1 = PopulationIndexij1919 = PopulationijtTotalPopulationjt

β2 = AgricultureIndexij1919 = CropV alueijtTotalCropV aluejt

β3 = MiningIndexij1919 = MiningJobsijtTotalMiningJobsjt

β4 = ForestIndexij1919 =

LumberP laningMillJobsijtTotalLumberP laningMillJobsjt

β5 = ManufacturingIndexij1919 =

ManufacturingV alueOfOutputijtTotalManufacturingV alueOfOutputjt

CountyIndexij1919 = (β1 + β2 + β3 + β4 + β55)2

To get an IV, I multiply these county indices by the state’s state highway miles.

GoodroadIVijt =(
CountyIndexij1919

∑
iinj

CountyIndexij1919

)
∗ StateHighwayMilesjt

This constructed GoodroadIVijt satisfies two critical conditions for an IV. First,

the county index component is highly related to the good road system in each

county because I constructed those indices based on the method that the Bureau

of Public Roads used when they were laying out the map of the potential highway

system. Counties with high county indices, because they had higher population

and valuable production factors, got more financial aid from the government to

build good roads. When I multiply these county indices with total state highway

miles in each state, they represent the scope of the state highway miles in each

county. This, in turn, is correlated with the access to good roads at the county

level. Moreover, these indices take into account topography condition implicitly

because topography conditions affect population and production values. Other IVs,

that are constructed following the railroad system or the traditional straight-line

method, ignore those important factors. The first stage results show that my
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instrument is strong for access to hard roads and gravel/shell/clay roads as the F

test values are higher than 50 while it is not so strong for access to improved roads.

Table 2 shows the first stage results.

Second, this IV is not related to the error terms in my car diffusion model. The

first component of my IV is fixed in 1919. While it reflects closely the method

used by the Bureau of Public Roads to construct highways, this component is not

related to the unobserved shocks on car demand after 1920 in my data. More than

that, time dummies and county’s income distribution as well as other demographic

characteristics that change over time soak up the variation of determinants of car

demand and the potential reversed-causality between highway construction and car

demand. So what is left in my error term in the second stage become more random.

Therefore, this production index is not associated directly with automobile regis-

trations anymore. The second component in my IV is total state highway miles at

the state level. Each year, these miles were planned and executed by the Federal

and state governments based on their available funds and many different critical

factors of socioeconomic development and national security.7 As a result, it should

have little to do with car demand in a specific county, especially if a state has many

counties.

2.5 Results

Table 2.3 and 2.4 give the OLS results for total cars and trucks on farms per

farm. OLS specifications do not show the positive association between access to

good roads and total cars on farms. However, there is a positive and significant

relationship between access to improved roads and gravel/shell/clay roads and the

number of trucks on farms. Retail sales have a positive and significant association

with automobile adoption on farms. Other factors have ambiguous relationship

7See more information about the Pershing map and the development of the Interstate Highway

System from ”America’s highways, 1776-1976: a History of the Federal-aid program” - Department

of Transportation
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with the number of cars and the number of trucks on farms. This ambiguity

continues to show up even in my 2SLS specifications in Table 2.5 and 2.6.

Table 2.5 presents the 2SLS regression results for the total cars on farms at the

county level. Column (1) is for the specification with access to improved roads.

Column (2) is for the specification with access to hard roads. The last column

shows the specification with access to gravel/shell/clay roads. Table 2.6 has the

2SLS regression results for the total trucks on farms, and its structure is similar to

the structure in Table 2.3. Farms’ access to improved roads, which include hard

roads, gravel roads, shell roads, clay roads and improved dirt roads, does not have

a positive relationship with the number of automobiles on farms. However, access

to only hard roads has a positive association with farms’ automobile adoption. A

10 percent increase in the percentage of farms with access to hard roads leads to

a 0.5 percent increase in the number of cars on farms. The effect is statistically

significant at the one percent level. It also leads to a 2.6 percent increase in the

number of trucks on farms. The effect is statistically significant at the one percent

level. It is expected that the impact of having access to hard roads on farmers’

truck adoption is much stronger than that on farmers’ car adoption. Hard roads

are important for farmers to drive their trucks with heavily laden with produce

to different markets. An improved dirt road might be enough for a passenger car

to run but not for a heavy truck. Having access to hard roads is more critical for

truck diffusion than car diffusion in general.

Having access to gravel/shell/clay roads also has a positive and significant

relationship with automobile diffusion on farms. A 10 percent increase in the

percentage of farms with access to these types of roads leads to a 0.5 percent

increase in the total cars on farms, and a 2.8 percent increase in the total trucks

on farms. Both effects are statistically significant at the one percent level. Again,

the results show that the impact of having access to good roads on truck diffusion

is at least 4 times higher than that on general car diffusion on farms. The reason
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might be that gravel/shell/clay roads were good enough for driving a truck and

these types of roads were more popular in the 1920s and 1930s than the hard roads

because they had lower construction costs.

Annual earnings per average retail employee, a proxy for the income level in

a county, has a positive and statistically significant association with the diffusion

of cars on farms in my second specification with access to hard roads, but not

in other specifications. In column (2) of Table 2.5, a 10 percent increase in the

annual earnings per average retail employee is correlated with an 0.6 percent in

the number of cars on farms, statistically significant at 5 percent. Retail sales per

capita, another proxy for economic development in a county, also has a positive

and significant relationship with automobile (both cars and trucks) diffusion on

farms. However, the percent of population that filed income tax returns, a proxy

for the high income group of the population, does not have the positive association

with the adoption of automobiles on farms. This might be because farmers did

not belong to this elite group and thus the share of households filing tax returns

mismeasures their income.

The percent of farms with tenants has a negative relationship with automobile

diffusion on farms. Tenants had lower incomes than farm owners, so this may

represent an income effect. Population density has s positive and significant

association with car adoption of farmers, as expected. Controlling for having

access to hard roads, a 10 percent increase in population density is related to

1.7 percent increase in the number of cars on farms and 5.7 percent increase in

the number of trucks. The effects are statistically significant at the one percent

level. The percentage colored of the population has a statistically significant and

negative relationship with car diffusion on farms but it has a positive and significant

association with truck adoption on farms.

On the other hand, horse prices have positive and significant correlation
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with truck adoption on farms, but not with cars in general. This is expected

because horses were the main substitute for trucks on farms. The more expensive

horses were, the more willing farmers were to replace horses with trucks. In

Table 2.6, a 10 percent increase in horse prices is associated with about a 10

percent increase in the number of trucks on farms under the specification with

access to hard roads and more than 20 percent in the specification with access

to gravel/shell/clay roads and improved roads. Car price and gas price show

a negative and significant relationship with car diffusion after controlling for

access to good roads that does not include access to grave/shell/clay roads. A

10 percent increase in the car price is associated with more than 270 percent

decrease in the number of cars on farms, an effect that is statistically significant

at the one percent level. A 10 percent increase in gasoline price is correlated with

at least 2.5 percent decrease in the number of cars. However, their association

with truck diffusion is ambiguous. This is more likely because of measurement error.

2.6 Conclusion

In conclusion, I look at one side of the complementary relationship between the

automobile adoption and road development. The expansion of the network of

roads and the multiplier effect it had on economic activities during the first half of

the twentieth century had set the platform for the diffusion of automobiles. The

diffusion of automobiles, in turn, generated more tax and registration revenues

that financed the expansion of the road network. I look at the association between

having access to good roads and farms’ automobile adoption. Farmers used cars and

trucks to take their products to markets. Therefore, having access to good roads

that lead to markets is an important factor that farmers considered before getting

cars. Because of the endogenous relationship between cars and roads, I constructed

an IV for access to good roads based on county population and production indices

and state highway miles. I found that access to hard roads and gravel/shell/clay
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roads were one of the significant determinants of automobile diffusion on farms in

the U.S in the 1920s and 1930s. Their impact on truck adoption was about 4 times

higher than that on general car adoption. This results suggest more future work

about the role of government in infrastructure construction in order to encourage

the diffusion of new technologies. Besides that, income, potential network of

adopters and adoption costs are other factors that one should not ignore while

working on new technology diffusion.



64

Table 2.1: Summary statistics

Variable Mean Std. Dev. Min. Max. N

Autos per farm 0.718 0.317 0.019 1.739 4945

Trucks per farm 0.183 0.151 0.002 1.461 4945

Pct Improved Roads 61.896 20.497 0.01 100 7289

Pct Hard Roads 11.768 15.984 0.006 92.498 7289

Pct Gravel/Clay 21.455 21.979 0.01 95.507 7290

Annual Earning 784.742 453.856 0.4 7695.122 29429

Retail Sales 211.489 120.576 8.173 905.264 29436

Pct Inc. Tax Filers 0.025 0.034 0 0.499 51048

Pct Tenants 37.177 19.743 0 96.776 12488

Pop. Density 93.724 634.317 0.109 16063.488 7543

Pct Color 11.574 18.608 0 90.785 5196

Pct Illiterate 5.905 5.762 0 50.881 7543

Horse Price 78.653 27.726 23 180 56313

Car Price 885.353 81.193 694.45 1081.24 39096

Gas Price 22.807 3.383 13.97 34.72 36750
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Table 2.2: First Stage Results

(1) (2) (3)
Improved Roads Hard Roads Gravel/Shell/Clay

Annual Earning 0.056 -0.723*** 0.625***
(0.037) (0.228) (0.200)

Retail Sales 0.199*** -1.573*** -1.554***
(0.042) (0.301) (0.217)

Inc. Tax Filers 0.023 0.539*** 0.402***
(0.016) (0.116) (0.091)

Tenants 0.520** 0.640 0.519***
(0.221) (0.275) (0.216)

Pop. Density 0.073 -1.798*** -0.031
(0.065) (0.493) (0.336)

Color 0.002 -0.404*** -0.155***
(0.008) (0.049) (0.034)

Horse Price 0.130 1.856 -2.145***
(0.101) (0.391) (0.230)

Car Price -23.228*** 332.105*** -269.053***
(7.143) (42.251) (26.120)

Gas Price 0.038*** 1.268*** 1.779***
(0.055) (0.408) (0.241)

IV 0.03** -0.623*** -0.608***
(0.014) (0.059) (0.080)

F test of excluded instruments: 4.29 109.41 57.84
Observations 4420 4420 4422

Standard errors in parentheses

∗p < 0.10, ∗ ∗ p < 0.05, ∗ ∗ ∗p < 0.01
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Table 2.3: OLS Results for Total Autos on Farms per Farm with log on both sides

(1) (2) (3)
Improved Roads Hard Roads Gravel/Shell/Clay

Improved Roads -0.004
(0.015)

Hard Roads -0.010***
(0.002)

Gravel/Clay Roads 0.002
(0.002)

Annual Earning 0.022 0.014 0.020
(0.018) (0.019) (0.018)

Retail Sales 0.226*** 0.207*** 0.228***
(0.024) (0.024) (0.024)

Inc. Tax Filers -0.006 -0.001 -0.006
(0.008) (0.008) (0.008)

Tenants -0.041 -0.037 -0.043
(0.030) (0.030) (0.030)

Pop. Density 0.033 0.012 0.034
(0.034) (0.033) (0.034)

Color -0.018*** -0.022*** -0.018***
(0.003) (0.003) (0.003)

Horse Price -0.118*** -0.106*** -0.113***
(0.034) (0.034) (0.035)

Car Price -6.046** -2.464 -5.513*
(3.029) (3.042) (2.909)

Gas Price -0.293*** -0.278*** -0.297***
(0.036) (0.036) (0.036)

Observations 4940 4940 4941
Year, County FEs Y Y Y

Clustered standard errors in parentheses

∗p < 0.10, ∗ ∗ p < 0.05, ∗ ∗ ∗p < 0.01



67

Table 2.4: OLS Results for Total Trucks on Farms per Farm with log on both sides

(1) (2) (3)
Improved Roads Hard Roads Gravel/Shell/Clay

Improved Roads 0.1**
(0.040)

Hard Roads 0.001
(0.003)

Gravel/Clay Roads 0.037***
(0.004)

Annual Earning -0.079** -0.071* -0.098***
(0.038) (0.039) (0.037)

Retail Sales 0.168*** 0.205*** 0.261***
(0.043) (0.045) (0.046)

Inc. Tax Filers 0.071*** 0.071*** 0.061***
(0.020) (0.019) (0.019)

Tenants -0.027 0.002 -0.018
(0.053) (0.033) (0.029)

Pop. Density 0.074 0.077 0.082
(0.063) (0.064) (0.063)

Color 0.003 0.001 0.008
(0.007) (0.008) (0.008)

Horse Price 1.482*** 1.489*** 1.575***
(0.065) (0.063) (0.064)

Car Price 13.77* 11.46 20.70***
(7.094) (7.126) (7.082)

Gas Price 0.440*** 0.439*** 0.376***
(0.055) (0.055) (0.057)

Observations 4940 4940 4941
Year, County FEs Y Y Y

Clustered standard errors in parentheses

∗p < 0.10, ∗ ∗ p < 0.05, ∗ ∗ ∗p < 0.01
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Table 2.5: 2SLS Results for Total Autos on Farms per Farm with log on both sides

(1) (2) (3)
Improved Roads Hard Roads Gravel/Shell/Clay

Improved Roads -1.102*
(0.582)

Hard Roads 0.053***
(0.012)

Gravel/Clay Roads 0.054***
(0.014)

Annual Earning 0.080 0.056** -0.016
(0.056) (0.023) (0.024)

Retail Sales 0.472*** 0.336*** 0.336***
(0.146) (0.041) (0.039)

Inc. Tax Filers 0.014 -0.040*** -0.033***
(0.024) (0.012) (0.011)

Tenants 0.506 -0.102*** -0.096***
(0.466) (0.018) (0.014)

Pop. Density 0.150* 0.165*** 0.068
(0.085) (0.05) (0.042)

Color -0.018** 0.001 -0.012***
(0.008) (0.007) (0.004)

Horse Price 0.030 -0.211*** 0.004
(0.167) (0.038) (0.051)

Car Price -35.05** -27.05*** 5.146
(14.44) (6.154) (5.036)

Gas Price -0.255*** -0.365*** -0.394***
(0.06) (0.048) (0.045)

Observations 4420 4420 4422
Year, County FEs Y Y Y

Clustered standard errors in parentheses

∗p < 0.10, ∗ ∗ p < 0.05, ∗ ∗ ∗p < 0.01
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Table 2.6: 2SLS Results for Total Trucks per Farm with log on both sides

(1) (2) (3)
Improved Roads Hard Roads Gravel/Shell/Clay

Improved Roads -5.572**
(2.815)

Hard Roads 0.268***
(0.038)

Gravel/Clay Roads 0.275***
(0.040)

Annual Earning 0.234 0.112 -0.254***
(0.268) (0.070) (0.062)

Retail Sales 1.379** 0.690*** 0.694***
(0.685) (0.129) (0.111)

Inc. Tax Filers 0.218* -0.060* -0.026
(0.126) (0.035) (0.032)

Tenants 2.888 -0.182* -0.153***
(2.365) (0.097) (0.057)

Pop. Density 0.496 0.569*** 0.078
(0.415) (0.154) (0.112)

Color 0.0226 0.120*** 0.054***
(0.045) (0.024) (0.012)

Horse Price 2.256*** 1.033*** 2.120***
(0.823) (0.111) (0.127)

Car Price -119.7* -79.26*** 83.62***
(68.83) (19.14) (15.13)

Gas Price 0.631** 0.075 -0.074
(0.291) (0.131) (0.121)

Observations 4420 4420 4422
Year, County FEs Y Y Y

Clustered standard errors in parentheses

∗p < 0.10, ∗ ∗ p < 0.05, ∗ ∗ ∗p < 0.01
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Figure 2.1: Automobile Adoption on Farms and Improved Roads

Figure 2.2: Truck Adoption on Farms and Improved Roads
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Figure 2.3: Changes in Cars on Farms and in Improved Roads (1930 - 1940)

Figure 2.4: Automobiles on Farms and Improved Roads in South East Central Area
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Figure 2.5: Automobiles on Farms and Improved Roads in North East Central Area

Figure 2.6: Automobiles on Farms and Improved Roads in South West Central Area
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Figure 2.7: Automobiles on Farms and Improved Roads in North West Central Area

Figure 2.8: Automobiles on Farms and Improved Roads in South Atlantic Area
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Figure 2.9: Automobiles on Farms and Improved Roads in Middle Atlantic Area

Figure 2.10: Automobiles on Farms and Improved Roads in New England Area
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Figure 2.11: Automobiles on Farms and Improved Roads in Pacific Area

Figure 2.12: Automobiles on Farms and Improved Roads in Mountain Area
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CHAPTER 3

Did Automobile Adoption Lead to a Fall of Mortality Rates in the United States

in the Early 20th Century?

3.1 Introduction

The relationship between automobile adoption and socioeconomic changes has been

a popular topic because of its important role in the history of mankind. Automobile

adoption was accompanied by a significant development of infrastructure, which

often came with both positive and negative changes in the society. For example,

there were many opportunities for new businesses and jobs that came with the

new method of transportation, such as the national and local businesses (gas

stations, mechanical garages, fastfood restaurants and hotels.) that popped up

along highways to serve drivers and their fragile cars at the beginning. Wegman

(2001) argues that there was some positive impact on health in general as hygiene

conditions were improved when cars replaced horses and reduced the number

of flies who came with tons of horses’ dung. Moreover, access to hospitals was

improved with more highways and faster transportation mode. On the other hand,

automobiles may have raised mortality through accidents, potential air and noise

pollution that came from new infrastructure construction and heavy traffic that

used lead gasoline. As yet, no one has directly tested with panel data the impact

of automobiles on infant mortality to determine which were the dominant effects.

Such a study is the contribution of this paper.

Mortality rates, especially infant mortality rates are often used as one of the

important indicators of the socioeconomic development. Deaths from infectious

diseases have declined in the United States during the 20th century, in part due to a

sharp drop in infant and child mortality. In 1900, 30.4% of all deaths occurred among
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children aged less than 5 years; in 1997, that percentage was only 1.4%. In 1900,

the three leading causes of death were pneumonia, tuberculosis (TB), and diarrhea

and enteritis. Of these deaths, 40% were among children aged less than 5 years.

Many reasons have been listed for this tendency: improvements in sanitation and

hygiene, strategic vaccination programs, the invention of antimicrobial medicines,

technological advances in detecting and monitoring infectious diseases, and more.

This paper examines the relationship between rapid automobile adoption and the

fall in mortality rates, with a focus on infant mortality, in the U.S. in the early 20th

century. Wegman (2001) claimed that cars ”drove horses and their stables out of the

cities”, along with the manure that nourished generations of flies key carriers of the

germs and bacteria responsible for infectious disease. This trend helped to improve

sanitation on a macro (urban) and hygiene on a micro (individual) level, especially

in large, crowded cities. This, in turn, drove down deaths from infectious diseases.

Using data about automobile registrations and mortality rates at the county level

with fixed effects to control for unobserved factors among counties, states and years,

I find that there is a significant negative correlation between the number of car

registrations and mortality rates in counties with population density higher than

50 people per square mile. Meanwhile, there is a positive association between car

registration numbers and mortality rates in counties with the populations smaller

than 50 thousand or population density lower than 50. This suggests that in the

crowded places, the positive impact of automobile adoption on hygiene condition

through eliminating the sanitary problems with dung and flies who came with horses

might dominate the negative impact of air pollution or accidents from having more

cars on the roads. The story is more complicated in the less crowded areas and

requires more research.
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3.2 Literature Review

3.2.1 Automobiles and Health

Automobiles have contributed significantly to public health in both negative and

positive ways. Many lives are saved due to the rapid transportation by automobiles,

which lead to faster access to hospitals. Common health is also improved by the

recreation of motoring and people’s migration to less crowded and less polluted

countryside areas, which are made accessible by cars. However, at the beginning

of the 20th century, some compounds such as tetraethyl lead, were often added

to motor fuels in order to increase their efficiency. Although Sayers and Fieldner

(1925) showed that lead gasoline hardly constituted a public health problem,

the manufacture of tetraethyl lead was known to be dangerous for workers who

participated in the production process, and the American public was highly

concerned about the possible hazards that came with the uses of this compound in

gasoline. The danger increased in cold days when the car owners tried to warm the

engine up or made adjustments in closed places. Greater numbers of people may

have been exposed to the toxic emissions from heavy traffic in poorly ventilated

passage ways or tunnels. Because of this concern, the U. S. Bureau of Mines did

research that led to a permissible maximum concentration of carbon monoxide

of 4 parts per 10,000 for a period of one hour (Henderson, 1921). Given this

standard, the frequent condition from 0.01 to 0.02 percent of carbon monoxide at

the constantly crowded Fifth Avenue in New York City should not be considered

serious (Henderson and Haggard, 1923).

In the modern era, exposure to pollution especially airborne particulate matter

has been the subject of much scholarship. It has been shown that high exposure

at an early age can have lasting effects in later life that do not reveal themselves

immediately (Currie et al., 2013a). This further confirms the conclusion about

health harzards of air pollution that was found by the Committee of Environmental

and Occupational Health Assembly (American Thoracic Society, 1996), Dockery
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et al. (1993), Pope III et al. (1995) and Goldsmith (1999). In the U.S, cars and

trucks are currently responsible for about 30% of emissions of oxides of nitrogen,

and 30% of hydrocarbon emissions (exclude emissions from related sources, such

as fue storage facilities and filling stations).1 And since the highest air pollution

level might not be at the formation point but downwind, air pollution is not only a

problem along the roads but for the whole region. Therefore, automobile adoption

partially contributes to those health problems in the modern world. Currie and

Walker (2009) made the striking discovery that electronic open-road toll collection

devices (E-Z Pass) reduced the amount of automobile exhaust produced during

idling and acceleration, eventually reducing the number of premature births in the

vicinity. Later studies strengthened the link between traffic congestion and infant

mortality.

There are some other ways that automobile adoption affects public health. One

way is through car accidents. Automobiles claimed about 50,000 lives per year in

1960s.2 ”Automobile crashes are the leading cause of death among people from

one to 24 years old, account for 3.4 millions nonfatal injuries annually, and cost

an estimated $200 billion annually”.3 Another mechanism is through improving

hygiene condition. Before the adoption of automobiles, the main transportation

method besides trains was horse-drawn wagons and carriages. For a hundred years,

from the early 1800s to the early 1900s, U.S had millions people who ran on a

massive, sophisticated network of carriages and streetcars, especially in big cities.

By 1880, according the Railway Review (1882), New York had about 100,000 horses

1Environmental Protection Agency (US). National Emissions Inventory. Air pollution emission

trends. Current emissions trend summaries (2002)
2National Highway Traffic Safety Administration (US), National Center for Statistics and Anal-

ysis Traffic Safety Facts 2000: a compilation of motor vehicle crash data from the Fatality Analysis

Reporting System and the General Estimates System. Washington: NHTSA, 2001, Dec. Pub. No.:

DOT HS 809 337
3Motor-vehicle safety: a 20th century public health achievement. MMWR Morb Mortal Wkly

Rep. 1999, 48: 369-74



80

running and carrying 1.2 billion passengers a year. Given the fact that horses

produced 15 to 40 pounds of manure per day, those tens of thousands horses were

working and coating the city’s streets with urine and feces everyday. The manure

turned into ”fetid swamps in the rain and noxious dust in dry spells”. In 1881,

horses in New York City generated 2.5 million tons of manure and 60,000 gallons

of urine as reported in White (2006). The ubiquitous manure caused widespread

typhus and other diseases through clouds of millions of flies as they picked up

bacteria and other pathogens, then transmitted them to humans through their food

and water sources.

Morgan (2002) used a case study of Preston in the mid-19th century to show

that the increasing population of horses in expanding towns was associated with

high infant mortality rates due to the disease spead by flies which bred in horse

manure. This changed with the mass production of automobiles. In 1900, 4192 cars

were sold in the US; by 1912 that number had risen to 356,000. In 1912, traffic

counts in New York showed more cars than horses for the first time. Wegman

(2001) suggested that as more affordable cars rapidly replaced horses, especially in

big cities, the number of flies also decreased dramatically since there was less feces

for them to live on. This in turn improved the sanitation condition in those regions

and helped stopping the spread of diarrhea and respiratory diseases, which used to

be the leading causes of death. Figure 3.1 shows the causes of infant mortality in

selected years in the U.S. The number of diarrheal diseases decreased significantly

from 1912 to 1937, the period in which American aggressively adopted cars. Wegman

also suggested the lack of quantitative research about this mechanism. My paper is

among the first empirical ones that examine this relationship between automobile

adoption and mortality rates in the U.S in the early 20th century.

3.2.2 Other Factors that Affect Mortality Rates

At the root of much of the current debate about cross-national determinants of

mortality is the association between economic growth (typically measured as rising
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income per capita) and trends in mortality. Samuel Preston provided the impulse

for the study of the association of life expectancy and income, representing the

strong correlation in his famous ”Preston curve” for the 1900s, 1930s, and 1960s

(Preston, 1975, 1980). This has led to ”fundamentalist” views like ”Wealthier Is

Healthier” hypothesis in Pritchett and Summers (1996), which predicts inevitable

improvements to the overall health of countries citizens given economic growth.

However, a clear majority of scholarship doubts this. Cross-nationally, the decline of

mortality in nearly all European states after World War II, despite vastly different

levels of economic development, strongly suggests there is more determining the

changes than income. The sharp drop in mortality rates across the U.S. after 1970

despite stagnating median real income growth drives the point home (Deaton, 2004;

Murphy and Topel, 2005), as does research on the determinants of infant mortality

in the developing world. Preston himself discredited the ”fundamentalist” view from

the start, demonstrating that life expectancy has been rising particularly fast for

poorer countries at constant levels of income. On the whole, changes in income do

not seem to be reflected in infant mortality rates or rates of overall mortality. Indeed,

if there is one income-related trend that documents pro-cyclical mortality, it is that

economic shocks and recession in the developed world correlate with decreases in

mortality, whether by way of expanding welfare provisions for the poorest and their

children, decreasing pollutant emissions, moderating the consumption of harmful

goods, or simply encouraging people to lead healthier lives

The economic argument has become nuanced to encompass more than a direct

effect of income growth on health. This includes studies that relate increased mor-

tality rates as well as other indicators of poor health at birth to poverty and income

inequality (Olson et al., 2010), finding moderate support for both. MacKeown

(1976) was the main proponent of the interesting but largely discredited argument

that falling mortality in the UK in the 19th century was chiefly a result of improved

nutrition and housing, themselves caused by rising incomes. McKeown did not

produce any direct statistical evidence and explicitly downplayed the importance of

public health measures as a contributing factor. This argument has won favor with
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some researchers. For example, Costa and Steckel (1997) point out the massive

increases in agricultural yields and caloric intake since the mid-1700s, estimating

that the impact of nutrition persisted well into the 20th century. However, most

scholarship since has remained skeptical (Wrigley et al., 1989). Moreover, even if

we were to recognize the effect of nutrition for one country, it does not seem to be

generalizable, and once again points to the broader problems with using economic

growth as an explanatory variable for health effects (Cutler et al., 2006).

Perhaps, then, a more comprehensive approach is possible in which income

and inequality levels are set aside in favor of the interplay of other socioeconomic

factors with (infant) mortality? Such variables could include individual or area

socioeconomic status (SES), access to transportation and other services, residential

segregation, gender, education, ethnicity, and overall social cohesion (Kim and

Saada, 2013; Solar and Irwin, 2007; Bird and Bauman, 1995). These are generally

subsumed under the catch-all term ”structural” hypotheses, which encompasse

social, economic, political, and sometimes cultural factors. In these studies, such

structural variables are often found to be more significant drivers of infant mortality

than health services variables such as the number of physicians, GPs, and other

professionals; number of uninsured individuals; access to prenatal care; and general

health expenditures (e.g. Bird and Bauman (1995) for all 50 states). Though

impressive in their breadth, these studies tend to obscure the historical effects of

individual innovations and precisely because of their breadth rarely venture to

detect trends over time.

Out of the pool of potential socio-economic determinants of infant mortality,

arguably the most widely acknowledged as havig an effect is education, particularly

the education of mothers (Cutler et al., 2006). Examining the dynamics of child

mortality in the U.S. in the late 19th century, Preston and Haines (1991) found that

45 percent of all premature deaths were caused by infectious diseases. But in this

period, before the large-scale endorsement of germ theory, mortality differentials
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across social classes were negligible. By the mid-1920s, however, the children

of doctors and teachers had a mortality rate 55 percent lower than the national

average (Soares, 2007). The impact of maternal education is widely attested in the

literature, and remains robust to alternative specifications as well as the distinction

between developed and developing countries (Haines and Avery, 1982; Haines et al.,

1983; Pamuk, 1999). Several possible mechanisms underlie this. Among others,

educated mothers are more likely to seek medical care, be aware of available health

services, understand sanitary and nutritional precautions to a childs well-being,

have their children immunized, and request professional assistance in childbirth.

Besides that, Moehling and Thomasson (2012) also pointed out that public health

programs that ”provide one-on-one contact and opportunities for follow-up care

such as home visits by public health nurses, reduced infant deaths” more than

general public parenting classes.

The adoption and dissemination of technology, as well as survival rates when

new technologies are involved, seems to be largely driven by characteristics at

the individual level (Soares, 2007). Here, a number of authors make a powerful

argument for education as the mediating variable in the adoption of innovations in

health technology, eventually linking it to reduced mortality and higher survival

rates past infancy. Much of the current research stresses the role of individual

medical innovations. For instance, more educated individuals tend to use recently

introduced or experimental drugs on a regular basis, which points to their greater

ability to learn from experience (Lleras-Muney and Lichtenberg, 2002; Glied and

Lleras-Muney, 2003). In the developing world particularly Sub-Saharan Africa,

schooling is associated with greater receptivity to information campaigns on

HIV/AIDS, and higher propensity to follow protective measures and behaviors such

as testing or the use of condoms (de Walque 2006 ). For all its benefits, this category

of technology adoption follows the trend, common to both the developing and the

developed world, of increasing mortality inequality in the short run, especially

across countries (from the developed world to the developing) but also within them
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(Cutler et al., 2006). For Link and Phelan et al. (2010), education helps improve and

maintain health by boosting human capital, but differences in education amount to

power differences that will further entrench themselves whenever a new technology

arises that the more knowledgeable can use to their advantage. This popular

assertion helps explain differing shifts of survival rates for specific diseases and

conditions over time. For instance, pervasive, non-infectious conditions such as lung

cancer and cardiovascular diseases used to be more prevalent among the educated,

but they were also the first to reap the benefits of technological innovations that

allowed them to screen for and avoid risk factors. On a macro-historical level, this

has been true for the gap between the rich and the poor, both within countries

and cross-nationally, but studies have investigated inequalities of access according

to criteria such as race (Troesken, 2004), occupational group and rank (Marmot

et al., 1978), and urban/rural residence (Elo and Preston, 1996). Interaction effects

matter here: Pamuk (1999) find that infants of black mothers have higher mortality

rates than infants of white mothers for every level of education. Furthermore,

black mothers with a college degree still struggle with greater infant mortality than

their white counterparts who are also high-school dropouts. That said, the exact

mechanisms by which this works, and whether micro-level technology adoption

plays a role, are significantly understudied in the literature.

Soares (2007) contends that the above patterns are true for private goods.

But technological innovations are often integrated into public goods as well. This

distinction is important to the present study because the New Deal era abounded in

large-scale infrastructure projects that often introduced new technologies indiscrim-

inately, subsidizing and implementing them by tethering them to public policies.

A relevant example is the activation of Public Works Administration (PWA) funds

to build up to half of all the new sewers of the New Deal, as well as enhance water

supply and implement waste treatment. Across the literature, scholars broadly

agree that far-reaching infrastructure projects with the technological overhauls that

accompanied them had a major impact on mortality rates in the developed world
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(Szreter, 1988). This coincided with the final triumph of germ theory over miasma

(bad air) theory, driven in particular by concerns over waterborne diseases. The

implications of the new theory could be readily applied to technology diffusion in

urban infrastructure. In the fifth and final European cholera pandemic (1892), for

instance, the mortality rate in Hamburg (7,611), which initially rejected innovations

based on germ theory, dwarfed that of Altona, just across the river (328) because

Altona had previously installed a more effective water and sewage filtration system

that ultimately kept the spread of the disease in check (Evans, 1987). Episodes like

this brought about a greater push for new water treatment mechanisms worldwide.

In the case of public goods, the positive health externalities of improving

infrastructure are often seen across distinctions of class, race, and occupation,

thereby contributing to reduced inequality in mortality (Spence et al., 2009). This

effect is especially strong if the level of analysis is a single country, region, or

municipality. Troesken (2004) argues this in the context of massive water projects

involving water filtration and the placement of water mains in the early 20th

century. Looking at black-white mortality ratios, he finds that major reductions

were achieved in overall urban waterborne disease mortality (typhoid, diarrheal

diseases), and that blacks benefited disproportionately from these innovations,

aided by less discriminatory residential patterns than in the later civil rights era.

Thus, both today and in the past, major technological investments such as this

one make it difficult to service neighboring groups with separate infrastructure,

effectively opening the benefits of new infrastructure to more people.

Other authors have bolstered the argument on the efficacy of major public-

health reforms. Costas and Kahn (2003) find that state expenditures on public

health in the U.S. drastically reduced mortality rates from dysentery, typhoid, and

diphtheria while municipal public health spending especially on water and sewage

filtration slashed infant and childhood mortality rates between 1910 and 1940.

Once sanitation problems in the city were under control, preventive medical care
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took over as the main saver of lives. Similar recommendations have been made

with respect to the developing world, in which many countries have the sanitation

infrastructure of the U.S. in the 1940s. In one World Bank estimation, providing

flush toilets and private water connections to every child’s home in Sub-Saharan

Africa would cut child mortality by 25 deaths per 1,000 live births, on average,

and higher-end solutions would be even more effective (Günther and Fink, 2011).

Even beyond sweeping health-care reforms, state expenditure on health care-related

programs has also been seen as a driver of lower infant mortality. Conley and

Springer (2002), for example, find that each addition 1 percent spent on health

care in OECD countries yields a roughly 0.2 percent decrease in infant mortality

rates; Fishback et al. (2007) show that general relief spending in the New Deal era

reinforced the decline of infant deaths and infectious disease mortality. Meanwhile,

Grossman and Jacobowitz (1981) posit that a hypothetical modern day ban on

abortions would actually drive the neonatal mortality rate up by up to 3 deaths

per 1,000 live births.

The impact of massive infrastructural innovation is not to be discounted

because of its ability to tip the scales either way. Troesken (2004) provides

persuasive evidence from large urban areas in the U.S. and Great Britain that

the use of lead pipes, installed en masse in the mid-19th century, increased infant

mortality and stillbirth rates by 25 to 50 percent. The cities with more recent mass

pipe-laying projects, in fact, registered greater mortality rates due to the lack of

oxidation in the pipes. Besides that, some studies have registered the association

of lower birth weight and rising infant mortality rates with both carcinogenic air

pollutants across U.S. counties (Agarwal et al., 2010) and shale gas exploitation

in Pennsylvania (Hill, 2013). But research has also produced informed policy

recommendations based on contemporary programs that successfully slowed or

reversed negative mortality trends through top-down changes to technology and

infrastructure. One example from the developing world is the finding by Cesur

et al. (2013) that a change in predominant fuel type and delivery (from coal to
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natural gas) yielded a 4-percent decline in infant mortality with ever 1-percent

increase in natural gas subscriptions. These counterexamples can be used as further

support for the technical innovation argument, given that such blanket changes in

public health seem to be have a potent effect regardless of which direction they take.

Contemporary innovations and historical innovations, when implemented on a

large scale, may produce similar health effects. This is the niche in which the present

study is placed, arguing that the replacement of horse-drawn carts with automobiles

in urban environments was an innovation that intentionally or not contributed to

the change of mortality rates in the interwar period, before the wide spread of

antibiotic.

3.3 Empirical Model

Given the hypotheses from the above literature about automobiles’ impact on public

health, and the determinants of mortality in general and infant mortality in partic-

ular, I set up the following reduced form model to examine the relationship between

the number of automobile registrations and mortality rates in the U.S at the county

level from 1921 to 1939:

DeathRatesijt = α0 + α1Carsijt + α2BirthRatesijt +

α3PWAgrantsijt + α4AgricultureGrantsijt + α5Reliefijt

α6HighwayMilesjt + α7Hospitalsijt +

α8StateIncomejt + α9TaxReturnitj + α10Colorijt +

α11Illiterateijt + α12Enrolled720ijt + α13PopDenseijt + α14AverTempijt +

α15Female1544ijt + α16Female4574 + α17Female75up+
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DY ear +DState +DCounty + εijt

DeathRatesijt is the mortality rates in county i, state j and year t. I also

examine the relationship between automobile adoption and infant mortality rates

with similar regressions, using infant mortality rates in county i, state j and year

t as the dependent variable. Carsijt is the number of car registrations in county

i, state j and year t. The α1 coefficient on cars is the main coefficient of interest.

α1 is expected to be negative as I predict that cars replaced horses and reduced

the number of flies, therefore it helped improving hygiene condition and mortality

rates, especially in crowded regions. If α1 turns out to be positive, that means

there might be some negative impact of automobile adoption on public health that

dominate its positive effects. They could be more car accidents or toxic emissions

from running engines that used lead gasoline at the begining of the 20th century.

Because of the correlation between death rates and birth rates, I put birth rates

on the right hand side. α2 can take either negative or positive sign. The more

infants are born, the higher the number of deaths might be, especially infant deaths

and mother deaths at childbirth. At the same time, it also increases population

which in turn helps decrease death rates.

Fishback et al. (2007) showed that the New Deal relief programs had significant

impacts on mortality and general fertility rates in major U.S. cities between 1929

and 1940. I include here variables that control for government’s spendings per

capita in each county in my interested period. PWAgrantsijt is the amount of

Federal and non-Federal Public Work Administration grants per capita. PWA

projects built large-scale public works such as dams, bridges, hospitals, and schools.

Its goals were to provide employment, stabilize purchasing power, and help revive

the economy. AgricultureGrantsijt is the amount of Agriculture Adjustment

Act (AAA) grants per capita. AAA was created to restore ”farm purchasing
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power of agricultural commodities or the fair exchange value of a commodity

based upon price relative to the prewar 1909-14 level” (Rasmussen et al., 1976).

Reliefijt is the amount of the New Deal relief programs’ grants per capita. This

includes the Federal Emergency Relief Administration (FERA), the Works Progress

Administration (WPA), the short-lived Civil Works Administration (CWA), the

Social Security Act (SSA), the Farm Security Administration (FSA) and other

grants. Since all these programs were designed to construct infrastructure, create

more jobs, increase income levels and recover the depressed economy, I expect to

see a negative correlation among these variables and mortality rates.

In the same line of the impact of government spending and personal income on

health, I use state income per capita StateIncomejt and the number of tax return

files per capita in county i, state j and year t, to get some idea about the income

level and distribution in different counties. As seen in the literature, the direct

effect of income growth on health is unclear but higher income is associated with

better nutrition, better living conditions, better education and knowledge about

health care and protection, which in turn have positive impact on health outcomes.

Therefore, α8 and α9 are expected to be negative.

To control for access to hospitals, I use HighwayMilesjt, which is the grant

total mileage of existing state highways per capita, and Hospitalsijt, which is the

number of hospitals in county i, state j and year t. The more public roads were

built, and the more hospitals were opened, the easier it was for patients to get

treatments. I expect that α6 and α7 will be negative when better access to hospitals

is associated with lower mortality rates.

Education is one of the important determinants of health outcomes, I control for

it by using the illiterate percentage of population that are 10 and older, Illiterateijt

and the total percentage enrolled in school aged 7 to 20, Enrolled720ijt in county

i, state j and year t. The literature suggests that α11 should be positive while
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α12 should be negative. Higher education is correlated with lower mortality rates.

However, Pamuk (1999) find that infants of black mothers have higher mortality

rates than infants of white mothers for every level of education. Furthermore, black

mothers with a college degree still struggle with greater infant mortality than their

white counterparts who are also high-school dropouts. I try to control for this

puzzle by adding in the variable Colorijt, which is the percentage of color popu-

lation in county i’s population in year t. Its coefficient α10 is supposed to be positive.

Moreover, population density and average tempurature in each county over time

are taken into account to control for the living condition. Big cities with high

population density and potential heat island effects might have negative impact

on mortality since the environment might be more polluted than in the fresh and

opened countryside regions. While cold weather is generally not good for human

health, warm climate is a good environment for flies and other pathogens to develop

and spead diseases. Therefore, their coefficients are also ambiguous. I also include

the female population in the reproductive ages from 15 to 44 since it is presumably

associated with mortality in general and infant mortality in particular. But the

direction of this relationship is unclear since more women in their reproductive years

might mean that more babies are born, and this could either increase or decrease

the mortality rates. It depends on the survival rates of mothers and babies after

birth. Females in ages from 45 to 74, and from 75 and up, are included to control

for the groups of population who are either helpful to take care of infants or more

sensitive to death because of old ages. Last but not least, I use year, county and

state fixed effects to take care of the unobserved shocks every year and the specific

characters in different counties and states that do not change over time.

3.4 Data

Table 3.1 presents the summary statistics of the variables included in the estimation.

Total deaths variable and infant death rates are my dependent variables. They
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come from a series of reports from the U.S. Department of Commerce, Bureau

of the Census with the title ”Birth, Stillbirth, and Infant Mortality Statistics for

the Birth Registration Area of the United States: Washington, D.C.: Government

Printing Office” and ”Births, Stillbirth, and Infant Mortality Statistics for the

Continental United States. Washington, D.C., Government Reporting Office.” The

reports covering the years 1921 through 1936 are the Seventh through 26th Annual

Reports. From 1937 through 1940 the data are from the U.S. Bureau of the Census.

Vital Statistics of the United State, Part I, Natality and Mortality Data for the

United States Tabulated by Place of Occurrence. Washington, D.C., Government

Reporting Office. For more details about the data, see Fishback, Fox, Kantor, and

Haines ”County Births, Deaths, Infant Deaths, and Stillbirths, 1921-1929”, and

”City Births, Deaths, Infant Deaths, and Noninfant Deaths by Place of Occurrence,

1921-1940.” The mean of total deaths in 1921 was 1464. This decreased to 1383

in 1939 then slightly increased to 1411 in 1940. The total deaths variable has the

minimum number zero in Loving county, Texas in 1937 and 1939, and highest

number was 46362 in Cook county, Illinoise in 1928. Cook is also the county with

the highest number of infant deaths in 1923. In 1921, only Mono in California and

Skamania in Washington had zero infant deaths. There were many more counties

with zero infant deaths over time. The infant death mean was 232 in 1921 and

went down to 82 in 1940.

There were many states who did not report information to the Birth Regis-

tration Area until later. From 1921 to 1924, there were 33 states that had total

deaths and infant deaths data available. Idaho joined the group in 1926. Alabama,

Arkansas, Louisiana and Tennessee started reporting in 1927. In 1928, Colorado,

Georgia, Oklahoma and South Carolina came to the game. Nevada and New

Mexico were added in 1929. South Dakota and Texas did not come until 1932

and 1933, respectively. After 1933, my sample has 48 states (no Alaska, Hawaii

and Washington D.C) that reported the total deaths and infant deaths at the

county level. Later on, I used the data about 114 cities in the U.S from 1929 to
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1940 (from the same sources above) for the robustness check. This subsample

had deaths from different causes at the city level such as respiratory tuberculosis

(TB), infectious and parasitic diseases aside from TB, diarrheal diseases and motor

vehicle accidents. 113 cities out of these 114 ones had populations larger than 50

thousand. Only Kenosha, WI had 48765 people. This serves well with my in-

tention to examine the impact of car adoption on health, especially in crowded areas.

Automobile registration data from Tuttle Motor Co. are available in 12 years:

1921, 1923, 1928, 1930, 1931, 1935 and from 1937 to 1942. Except for 1921 in which

I only know the total automobile registration number, in all other years the auto-

mobile data include both truck and passenger car registrations. In 1921, the mean

number of car registrations in U.S counties was 7277. It increased to 27997 in 1939.

Los Angeles county was the one with the highest number of car registration in 1942.

It had more than one million cars. Daggett, Utah had the lowest number of car

registrations in 1942, which was only 89 cars. Because the mortality data only goes

up to 1939, I only look at 9 years during the period from 1921 to 1939. The sam-

ple that is used in this paper, was merged using ICPSR state codes and county codes.

Government spending on public work projects is from the U.S. Childrens Bureau

published annual information on public assistance for 1929 through 1935 (Winslow

1937) and the U.S. Social Security Board updated the series and carried the data

forward through 1940 (Baird 1942). Agriculture Adjustment Act variable, Public

Work Administration (PWA) and relief money per capita data are not available

until 1934. Government grants on public road construction variable is from 1933.

State personal income comes from the U.S. Bureau of Economic Analysis (1989).

It is in 1967 U.S dollar and starts from 1919. The percentage of population who

filed for income tax return and county population density are also available from

1921. Other demographic data are from the U.S Department of Commerce and

all are at the county level. For population percentage that enrolled at school aged
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seven to 20, I summed up all the percentages that enrolled aged seven to 13, 14

to 15, 16 to 17 and 18 to 20 reported by Fishback et. al (2007). These data were

interpolated between census years 1920, 1930 and 1940 using a linear time trend.

Percentage colored and percentage illiterate variables were also interpolated among

those 3 censuses. For the number of women in reproductive ages 15 to 44, I summed

up the reported numbers of women aged from 15 to 19, 20 to 24, 25 to 29, 30 to 34

and 35 to 44. For the total number of hospitals, I combined the number of hospitals

with mental institutions and the one without mental institutions. Hospital variable

starts from 1930. Finally, average annual temperature information is available from

1919. For a more detail description about the sources of the data, see Fishback

et al. (2011) Information and the Impact of Climate and Weather on Mortality

Rates During the Great Depression and Haines (2010) ICPSR 2896 data set.

3.5 Results

Table 3.2 shows the regression results (with natural log on both sides) for the total

death rate and the number of car registrations in the time period from 1921 to 1939

in the U.S. The first column is the association between automobile adoption and

mortality rates without controlling for any correlates. A ten percent increase in car

registrations is seen with about a 0.4 percent decrease in the total death rate. When

I controlled for other variables in specifications 3 through 6, the coefficient of total

car registrations becomes less negative. When controlling for all variables including

county fixed effects, the coefficients become small, positive and not statistically

significant. These results suggest that the positive impact of automobile adoption

on mortality rates might be dominated by some negative ones, such as car crashes

and toxic emissions from using lead gasoline for cars.

In Table 3.2, there are some factors that have a negative relationship with

mortality as expected. They are state personal income per capita, total highway

mileage per capita in each state, population density, percentage enrolled in school
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aged 7 to 20, and the percentage of female population in reproductive ages 15 to 44.

A ten percent increase in state income per capita is correlated with approximately

a 0.2 percent decrease in the total death rate. This is expected since higher income

has been shown to be related to better health outcomes, even though it is not a

direct relationship. However, the tax return files variable, a proxy for a small group

of people who were rich enough to file tax return, has a positive coefficient. One

explanation is that richer people were able to afford and consume more drugs and

alcohol, which had negative impact on health and might lead to a higher death

rate. Population density has the coefficient of -0.42, and is statistically significant

at the 1 percent level. This means that a ten percent increase in a county’s

population density is associated with a 4.2 percent decrease in the total death

rate. This matches with the hypothesis that big cities with high population density

normally have more hospitals and they are better than the ones in rural areas.

They also have more cars and roads that help increase access to hospitals. The

percentage enrolled in school of teenagers from 7 to 20 years old also has a negative

relationship with the total death rate. Education at the early ages might help

building knowledge about health care and reduce mortality over time. (See paper

by Fishback et al. (2011) on climate effects.) Finally, a ten percent increase in a

county’s female population from 15 to 44 is associated with about a one percent

decrease in mortality rates. These are women who can give birth and take care

of their families. They were generally less involved in heavy duty and dangerous

jobs than men, especially during the Great Depression period when many men

sought construction jobs in public work projects that built big-scale buildings,

dams, bridges and roads. The number of women aged 45 to 55 also has a negative

association with mortality rates. A ten percent increase in the number of females

from 45 to 55 is related to a 0.6 percent decrease in the total death rate. This

group represents the older women who might have good experience at taking care

of infants and other people. Other age groups do not have negative and significant

relationships with the total death rate.
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The relationships between death rates and average annual temperature, the

percentage black and the percentage illiterate are also negative. A one degree

increase in the annual temperature is associated with a 0.01 percent decrease in

the total death rate. A ten percent increase in the percentage illiterate is related

to a 0.2 percent decrease in mortality rate, which is unexpected. A ten percent

increase in the share of the color population comes with approximately a 0.03

percent decrease in the total death rate. A ten percent increase in the number

of hospitals is related to about a 1.2 percent increase in the mortality rate. This

raises a concern about hospitals’ quality at the begining of the 20th century that

made many hospitals become a place to die rather than to save lives. Another

explanation was that people could travel to hospitals outside of their resident

counties and thus died in different counties from where they resided. The death

was counted by the death place, not by the residence. Furthermore, the coefficients

of government spending on public work projects and agriculture subsidies also do

not have the expected negative signs. More government spending in those public

projects is associated with higher total deaths. This contradictory result adds more

heat into the well known debate about the real impact of government spending

during the Great Depression, which is out of the scope of this paper. However, as

more roads were built, the access to hospital was improved. A ten percent increase

in the total highway mileage per capita in a state is associated with about 0.14

percent decrease in the total death rate, which is statistically significant at the one

percent level.

The hypothesis about automobile adoption replacing horses and reducing the

number of flies and other pathogens, and thus reducing mortality, is more likely to

be accurate in crowded places where horse urine and feces are the big causes for the

poor sanitary condition. Therefore, I look at the relationship between automobile

registrations and mortality separately in counties with more than 50,000 people and

counties with the population density higher than 50 people per square mile. Table

3.3 shows the results of these regressions. Furthemore, infant and non-infant death
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rates are closely related to each other since both groups face similar environmental

hazards.4 I thus run the same regressions with the infant mortality rate as the

dependent variable. As children are more sensitive to the surrounding environment,

I suspect there will be a stronger relationship between automobile adoption and

infant mortality than with general mortality. Tables 3.4 and 3.5 report the results

for the infant mortality rate.

The first columns in Table 3.3 and 3.5 show the results for counties with more

than 50,000 people. A ten percent increase in the number of car registrations

is associated with a 0.25 percent increase in the total death rate and almost a

3.6 percent increase in the infant death rate. However, the coefficients are not

statistically significant. The second column in both tables has the results for

counties with less than 50,000 people. Increasing automobile adoption also comes

with increasing the total death rate in these counties.

Column 3 in both Table 3.3 and 3.5 are results for counties with population

density more than 50 people per square mile. It suggests that in crowded places,

automobile adoption is correlated with lower death rate in general and a lower

infant death rate, in particular. A ten percent increase in the number of automobile

registrations is correlated with about a 2 percent decrease in the total death rate,

which is statistically significant at the 5 percent level, and about a 3.7 percent

decrease in the infant death rate. This negative relation disappears in counties

with lower population density (column 4 in both tables). A ten percent increase in

car registrations is significantly associated with about a 0.4 percent increase in the

total death rate and a 0.2 percent increase in the infant death rate but this is not

statistically significant anymore.

These results support the hypothesis that the hygiene conditions in more

4Preston (1975) finds that 80 to 90 percent of the variance in the death rate of any particular

age group can be explained by the variation in the death rate among all age groups
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crowded counties were worse than those in more rural areas because of the high

concentration of horse dung and flies. Automobile adoption helped improve this

condition by driving horses and flies out of the cities. This in turn reduced the

number of deaths related to filthy living conditions. The less densely populated

rural areas did not have the problem of highly concentrated horse and fly popula-

tions. Therefore, the positive impact of automobile adoption on mortality is not as

clear in rural areas. It might even be dominated by other bad impacts such as air

pollution and car-related accidents from running lead gasoline in longer distance

and at faster speeds.

The total state highway mileages’ coefficient becomes complicated in Table 3.3

and Table 3.5. A ten percent increase in highway miles per capita at the state

level is associated with about a 0.13 percent decrease in the total death rate in

counties with populations of less than 50,000 or population density of less than

50 people per square mile. These effects are statistically significant at the five

percent level. Highway miles per capita are also associated with about a 0.6 percent

decrease in total death rates in places with population density higher than 50 per

square mile. A ten percent increase in highway miles per capita is related to a

0.3 percent decrease in infant death rate in counties with population higher than

50,000, statistically significant at one percent level. However, a 10 percent rise in

highway mileage is also associated with a one percent increase in the infant death

rate for counties with the population density higher than 50 (column 3, Table 3.5)

although the effect is not statistically significant. The number of hospitals still has

a positive correlation with mortality in all counties but a negative correlation in the

ones with populations of more than 50,000. The population percentage that filed

tax return has a negative association with infant mortality rates in counties with

more than 50,000 people only. Its coefficients are positive for other cases. State

personal income per capita has a negative correlation with the total mortality rate

in all counties, but it has positive correlation with the infant mortality rate. The

illiterate percentage and the black percentage keep having unexpectedly negative
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correlations with total and infant deaths. The percentage enrolled in school aged

7 to 20 has a negative association with mortality as presumed, no matter what

the population and population density of the counties are. The rest of my control

variables have ambiguous signs when I try to devide my sample into groups of

counties with different level of population and population density. This is expected

since average temperatures and the percentage of women who are in different age

groups from 15 to 75 and up could affect mortality in both positive and negative

ways. Government spending on public projects still does not have the negative sign

as presumed, except PWA grants in Table 3.5. One potential explanation for the

AAA variable is that the Agriculture Act in fact reduced the demand for farmer

labor, therefore it decreased farmers’ income and life quality, which might lead to

higher mortality rates.

I use the sample of 114 cities in the U.S with total deaths by different causes

to do a simple check for my hypothesis that car adoption drove horses and flies out

of crowded cities and therefore reduced deaths by diarrheal diseases. Column 1,

Table 3.6 shows this negative association although it is not statistically significant.

Column 2 shows the relationship between automobile adoption and other infectious

and parasitic diseases aside from tuberculosis for comparison, in order to support

the assumption that car adoption improved mortality rates mainly through reducing

diarrheal disease deaths and not other types of deaths.

3.6 Conclusion

This paper examines the association between automobile adoption and mortality

rates in the U.S from 1921 to 1939. It fits into the literature about the impacts

of technology adoption on development and contributes a new insight for determi-

nants of mortality. Wegman (2001) suggested that as more affordable cars rapidly

replaced horses, especially in crowded cities, the number of flies also decreased

dramatically since there was less feces for them to live on. This in turn improved
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the sanitation condition in those places and helped stopping the spread of diarrhea

and respiratory diseases, which used to be the leading causes of death.

Using the data about automobile registrations and mortality rates at the county

level with county, state and year fixed effects to control for unobserved factors,

I found that there is a significant negative correlation between the number of

car registrations and mortality rates in counties with population density higher

than 50 people per square mile; while there is a positive association between car

registration numbers and mortality rates in counties with the population smaller

than 50 thousands. A 10 percent increase in the number of car registrations is

related to about 2 percent decrease in the total mortality rate in counties that

have population density higher than 50 people per square mile. This suggests

that in the crowded places, the positive impact of automobile adoption on hygiene

condition through eliminating tons of flies who came with horses, might dominate

the negative impact of air pollution or accidents from having more cars on the

roads. However, I did not find the negative and significant relationship between car

adoption and infant mortality rates.

I also control for other familiar factors that are related to mortality such as

income, govenment spending on public works, access to hospitals, education, the

colored population, female population who are at reproductive ages and average

temperature. The results show that increasing enrollment at schools were asso-

ciated with lower mortality rates. State highway miles also have a negative and

statistically significant relationship with mortality rates. However, the signs of the

other variables’ coefficients are ambiguous. I also run a simple test using data on

deaths with different causes in 114 big cities (113 cities had population more than

50,000 and only one city had about 48,000 people). The test shows that there is

a negative correlation between diarrheal disease deaths and car registrations while

deaths from other diseases do not have this negative relationship with the number

of cars. In conclusion, the paper’s results have some puzzling parts but automo-
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bile adoption has a statistically significant negative correlation with death rates in

crowded places as expected. This paper is the first one that empirically examines

the link between automobile adoption and mortality with a county and city panel

data sets. Its results are encouraging and I hope they will spark more discussion

about technology adoption and its impacts on socioeconomic development.
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Figure 3.1: Causes of Infant Mortality, selected years, USA (Wegman, 2001)
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Figure 3.2: Total Deaths, Infant Deaths and Car Registrations
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Table 3.1: Summary statistics

Variable Mean (Std. Dev.) Min. Max. N

Total deaths 1494.916 (4589.05) 0 46362 50619

Infant deaths 140.453 (419.003) 0 5467 50620

Total cars 20667.207 (79359.011) 2 1261274 40106

Total births 799.634 (2202.91) 0 69974 41064

State income (pc) 0.001 (0.002) 0.0001 0.02 71550

Tax return (pc) 0.13 (0.036) 0.1 0.599 61822

Enrolled aged 7-20 257.338 (29.883) 42.308 345.909 61860

PWA grants (pc) 1.743 (29.687) 0 4270.33 36656

AAA grants (pc) 4.968 (16.383) 0 900.245 36656

Relief (pc) 6.227 (8.955) 0 279.185 36656

Highway mileage (pc) 0.104 (0.005) 0.1 0.15 49471

Hospitals 6.137 (16.865) 0.1 172.1 31784

Pop density 6.748 (32.099) 0.1 527.685 61839

Color 11.476 (17.844) 0.1 90.885 61860

Illiterate 5.619 (5.505) 0.1 50.981 61860

Temperature 53.99 (7.92) 34.633 76.044 64514

Women 15-44 28157.645 (89744.174) 47.4 897765.125 31773

Women 45-54 1579.53 (5819.249) 8 185558.8 25365

Women 55-64 869.411 (10580.17) 10.6 335940.7 25365

Women 65-74 2263.873 (7956.42) 8.7 271580.7 25365

Women 75 up 1524.239 (5080.83) 2.8 157813.4 25365
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Table 3.2: Regression Results for death rates and total cars

(1) (2) (3) (4) (5) (6) (7)

Total cars -0.04*** -0.006** -0.045*** -0.042*** 0.019* 0.02* 0.038***
(0.003) (0.003) (0.009) (0.009) (0.01) (0.01) (0.01)

Birth rates 0.177*** 0.130*** 0.130*** 0.141*** 0.142*** 0.137***
(0.006) (0.008) (0.008) (0.008) (0.008) (0.008)

PWA grants -0.003** -0.003** 0.0004 0.0003 0.006***
(0.001) (0.001) (0.001) (0.001) (0.001)

AAA grants -0.001 -0.001 -0.004*** -0.003*** 0.003**
(0.001) (0.001) (0.001) (0.001) (0.001)

Relief grants 0.001 0.003** 0.003*** 0.006*** 0.023***
(0.001) (0.001) (0.001) (0.001) (0.003)

St. psnl. income 0.055*** 0.057*** -0.037** 0.005 -0.023
(0.017) (0.017) (0.018) (0.019) (0.025)

Tax return -0.029*** -0.026*** -0.01** -0.008* 0.007
(0.004) (0.004) (0.004) (0.004) (0.005)

Color 0.005 0.007 -0.002 0.001 -0.003
(0.004) (0.004) (0.004) (0.004) (0.004)

State highways -0.031*** -0.024*** -0.023*** -0.014***
(0.004) (0.004) (0.004) (0.004)

Hospitals 0.007** 0.01*** 0.01*** 0.012***
(0.003) (0.003) (0.003) (0.003)

Enrollment 7-20 -0.130*** -0.129*** -0.137***
(0.024) (0.025) (0.024)

Illiterature -0.027*** -0.03*** -0.024***
(0.008) (0.008) (0.009)

Pop. density -0.399*** -0.390*** -0.418***
(0.029) (0.071) (0.070)

Avg. Temperatures -0.017*** -0.015*** -0.001
(0.001) (0.001) (0.001)

Females 15-44 0.256*** -0.102
(0.088) (0.09)

Females 45-55 -0.123*** -0.062*
(0.033) (0.033)

Females 55-64 0.060 0.011
(0.043) (0.043)

Females 65-74 0.155*** 0.205***
(0.035) (0.035)

Females 75 up -0.09*** -0.034
(0.028) (0.028)

Constant 0.326*** -0.0643** 0.567*** 0.399** 0.563** -0.134 -0.890
(0.0230) (0.0265) (0.159) (0.160) (0.230) (0.661) (0.673)

Observations 19940 19940 14870 14870 14870 14866 14866

State and Year FE N N N N N N Y

Standard errors in parentheses, * p < 0.10, ** p < 0.05, *** p < 0.01

Years covered: 1921, 1923, 1928, 1930, 1931, 1935, 1937, 1938, 1939

All estimations have county fixed effect and natural log on both sides
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Table 3.3: Fixed Effect Regression Results for death rates and total cars

(1) (2) (3) (4)
Pop > 50K Pop < 50K Pop dense > 50 Pop dense < 50

Total cars 0.0249 0.0375*** -0.195** 0.0379***
(0.0160) (0.0113) (0.0727) (0.0102)

Birth rates 0.0695*** 0.137*** 0.250*** 0.137***
(0.0203) (0.00866) (0.0916) (0.00797)

PWA grants -0.00190 0.00669*** 0.00441 0.00573***
(0.00195) (0.00150) (0.00410) (0.00134)

AAA grants -0.00185 0.00379** 0.00192 0.00309**
(0.00131) (0.00162) (0.00432) (0.00129)

Relief grants 0.00458 0.0239*** -0.0336* 0.0226***
(0.00400) (0.00291) (0.0169) (0.00260)

St. psnl. income -0.159*** -0.00299 -0.159 -0.0225
(0.0318) (0.0283) (0.165) (0.0247)

Tax return 0.0285*** 0.00591 0.0314 0.00707
(0.00993) (0.00490) (0.0756) (0.00450)

Color -0.00144 -0.00456 0.336 -0.00347
(0.0104) (0.00451) (0.210) (0.00413)

State highways 0.0000408 -0.0132** -0.0595** -0.0138***
(0.00496) (0.00519) (0.0280) (0.00443)

Hospitals -0.00812 0.0124*** 0.0194 0.0117***
(0.00577) (0.00281) (0.0363) (0.00258)

Enrollment 7-20 -0.229*** -0.140*** -0.584 -0.138***
(0.0759) (0.0264) (0.556) (0.0243)

Illiterature -0.0124 -0.0254*** -0.0772 -0.0241***
(0.0138) (0.00968) (0.0794) (0.00874)

Pop. density -0.0575 -0.440*** 0.243 -0.419***
(0.110) (0.0793) (1.160) (0.0705)

Avg. Temperature -0.00301 -0.000296 0.00474 -0.000620
(0.00186) (0.00175) (0.00554) (0.00152)

Females 15-44 -1.241*** -0.0301 -2.984* -0.0999
(0.152) (0.101) (1.555) (0.0902)

Females 45-54 -0.0965 -0.0554 -0.670 -0.0618*
(0.0679) (0.0367) (1.011) (0.0333)

Females 55-64 -0.181*** 0.0260 0.463 0.0115
(0.0675) (0.0483) (0.407) (0.0430)

Females 65-74 0.261*** 0.192*** 1.193** 0.205***
(0.0676) (0.0397) (0.449) (0.0355)

Females 75 up -0.183*** -0.0256 -1.814*** -0.0337
(0.0494) (0.0317) (0.605) (0.0283)

Constant 5.722*** -1.225 19.13*** -0.919
(1.105) (0.759) (5.809) (0.676)

Observations 2183 12683 80 14786
Standard errors in parentheses, * p < 0.10, ** p < 0.05, *** p < 0.01

Years covered: 1921, 1923, 1928, 1930, 1931, 1935, 1937, 1938, 1939

All estimations have county, state and year fixed effects; natural log on both sides
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Table 3.4: Regression Results for infant death rates and total cars

(1) (2) (3) (4) (5) (6) (7)

Total cars -0.400*** -0.229*** 0.00622 0.00736 -0.0263 -0.0186 0.0201
(0.00737) (0.00739) (0.0225) (0.0226) (0.0246) (0.0247) (0.0256)

Birth rates 0.902*** 0.510*** 0.509*** 0.497*** 0.493*** 0.473***
(0.0158) (0.0199) (0.0199) (0.0200) (0.0200) (0.0200)

PWA grants -0.0281*** -0.0283*** -0.0264*** -0.0236*** -0.00975***
(0.00303) (0.00303) (0.00309) (0.00313) (0.00335)

AAA grants 0.00428 0.00403 0.00211 0.00167 0.00759**
(0.00262) (0.00262) (0.00264) (0.00266) (0.00318)

Relief grants -0.0238*** -0.0224*** -0.0257*** -0.0220*** -0.00738
(0.00283) (0.00290) (0.00294) (0.00330) (0.00651)

St. psnl. income 0.0538 0.0546 0.0354 0.0263 0.161***
(0.0418) (0.0418) (0.0449) (0.0483) (0.0617)

Tax return -0.0283*** -0.0268** -0.0208* -0.0199* 0.0178
(0.0105) (0.0106) (0.0107) (0.0107) (0.0113)

Color 0.0306*** 0.0317*** 0.0175* 0.0124 -0.00457
(0.00995) (0.00998) (0.0101) (0.0103) (0.0103)

State highways -0.0194* -0.0156 -0.0232** -0.0167
(0.0105) (0.0107) (0.0108) (0.0111)

Hospitals 0.00894 0.0111* 0.0119* 0.0178***
(0.00649) (0.00648) (0.00648) (0.00647)

Enrollment 7-20 -0.306*** -0.286*** -0.314***
(0.0606) (0.0612) (0.0608)

Illiterature -0.0376* -0.0275 -0.0375*
(0.0201) (0.0202) (0.0219)

Pop. density 0.290*** 0.00477 0.0185
(0.0744) (0.178) (0.177)

Avg. temperature -0.0156*** -0.0146*** 0.0118***
(0.00257) (0.00286) (0.00380)

Females 15-44 0.764*** 0.0931
(0.220) (0.226)

Females 45-54 0.0813 0.161*
(0.0832) (0.0835)

Females 55-64 0.216** 0.0555
(0.107) (0.108)

Females 65-74 -0.276*** -0.150*
(0.0889) (0.0888)

Females 75 up 0.128* 0.226***
(0.0708) (0.0710)

Constant 1.033*** -0.952*** -2.420*** -2.525*** 0.564 -3.454** -2.726
(0.0608) (0.0657) (0.392) (0.396) (0.575) (1.657) (1.691)

Observations 19940 19940 14870 14870 14870 14866 14866

State and Year FE N N N N N N Y

Standard errors in parentheses, * p < 0.10, ** p < 0.05, *** p < 0.01

Years covered: 1921, 1923, 1928, 1930, 1931, 1935, 1937, 1938, 1939

All estimations have county fixed effect and natural log on both sides
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Table 3.5: Fixed Effect Regression Results for infant death rates and total cars

(1) (2) (3) (4)
Pop > 50K Pop < 50K Pop dense > 50 Pop dense < 50

Total cars 0.0364 0.0212 -0.366 0.0220
(0.0403) (0.0285) (0.309) (0.0257)

Birth rates 0.917*** 0.452*** 0.898** 0.471***
(0.0511) (0.0218) (0.389) (0.0200)

PWA grants -0.0141*** -0.00879** -0.00924 -0.00974***
(0.00491) (0.00378) (0.0174) (0.00336)

AAA grants 0.00991*** 0.00363 0.0366* 0.00650**
(0.00329) (0.00406) (0.0184) (0.00324)

Relief grants -0.0145 -0.00603 0.0887 -0.00747
(0.0101) (0.00731) (0.0719) (0.00653)

St. psnl. income 0.348*** 0.101 -0.857 0.160***
(0.0800) (0.0712) (0.701) (0.0620)

Tax return -0.0279 0.0179 0.274 0.0177
(0.0250) (0.0123) (0.322) (0.0113)

Color 0.0541** -0.00365 -0.882 -0.00387
(0.0262) (0.0113) (0.892) (0.0104)

State highways -0.0339*** -0.0152 0.158 -0.0184*
(0.0125) (0.0131) (0.119) (0.0111)

Hospitals -0.0251* 0.0194*** 0.241 0.0178***
(0.0145) (0.00706) (0.154) (0.00648)

Enrollment 7-20 -0.581*** -0.279*** 5.753** -0.306***
(0.191) (0.0664) (2.365) (0.0610)

Illiterate -0.0801** -0.0365 0.166 -0.0383*
(0.0347) (0.0243) (0.338) (0.0220)

Pop. density 0.0745 -0.0463 -5.014 0.0113
(0.276) (0.199) (4.931) (0.177)

Avg. temperature 0.0133*** 0.00896** 0.00443 0.0116***
(0.00467) (0.00441) (0.0236) (0.00383)

Females 15-44 0.0723 0.0982 -19.23*** 0.0856
(0.383) (0.253) (6.610) (0.227)

Females 45-54 0.0832 0.175* 7.197 0.155*
(0.171) (0.0924) (4.297) (0.0837)

Females 55-64 -0.106 0.103 -2.571 0.0627
(0.170) (0.121) (1.732) (0.108)

Females 65-74 -0.206 -0.105 -4.256** -0.142
(0.170) (0.0999) (1.907) (0.0892)

Females 75-up 0.379*** 0.217*** 0.833 0.221***
(0.124) (0.0798) (2.574) (0.0712)

Constant 0.578 -3.878** 38.17 -2.800*
(2.778) (1.909) (24.70) (1.698)

Observations 2183 12683 80 14786

Standard errors in parentheses, * p < 0.10, ** p < 0.05, *** p < 0.01

Years covered: 1921, 1923, 1928, 1930, 1931, 1935, 1937, 1938, 1939

All estimations have county, state and year fixed effects; natural log on both sides
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Table 3.6: Robustness Check for Death Rates and Total Cars in 114 Cities
(1) (2) (3)

Diarrehal Diseases Other Infectious Diseases Car Crashes

Total cars -0.571 0.183 0.0516
(0.396) (0.240) (0.191)

Birth rates -0.119 0.545 0.120
(0.653) (0.396) (0.316)

PWA grants 0.00366 -0.0220 0.0141
(0.0386) (0.0234) (0.0187)

AAA grants -0.00104 0.0267* 0.00819
(0.0266) (0.0161) (0.0129)

Relief grants -0.0627 0.147** 0.00272
(0.0998) (0.0605) (0.0483)

St. psnl. income 0.226 0.214 0.330
(0.616) (0.373) (0.298)

Tax return 0.270 0.298* 0.118
(0.284) (0.172) (0.138)

Color 0.371 0.555** 0.0722
(0.444) (0.269) (0.215)

St. highways 0.0653 -0.0548 -0.0685
(0.0992) (0.0601) (0.0480)

Hospitals 0.165 -0.0416 0.0290
(0.247) (0.150) (0.119)

Enrollment 7-20 -9.056*** -0.0747 0.0375
(2.600) (1.575) (1.258)

Illiterature 0.295 0.170 0.155
(0.298) (0.180) (0.144)

Pop. density 1.832 0.817 -1.364
(2.861) (1.733) (1.385)

Avg. temperature 0.0616 0.0370 0.0186
(0.0379) (0.0229) (0.0183)

Females 15-44 -4.134 0.986 3.213
(4.747) (2.875) (2.297)

Females 45-54 -1.064 0.679 1.089
(2.074) (1.257) (1.004)

Females 55-64 1.839 -0.0618 0.848
(1.933) (1.171) (0.936)

Females 65-74 -2.898 -0.0425 -1.842*
(2.019) (1.223) (0.977)

Females 75 up 1.360 0.742 1.298
(1.656) (1.003) (0.801)

Constant 76.13** -13.25 -16.70
(31.12) (18.85) (15.06)

Observations 374 374 374

Standard errors in parentheses, * p < 0.10, ** p < 0.05, *** p < 0.01

Years covered: 1930, 1931, 1935, 1937, 1938, 1939.

All estimations have city, state and year fixed effects; natural log on both sides

113 cities had population more than 50,000. Only Kenosha, WI had 48,765 people
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