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Abstract

This paper investigates the effects of a large temporary shock on the agglomeration of
economic activity. Using variation in the potential damage intensity of the 1906 San
Francisco earthquake across counties in the American West, we find that the earthquake
persistently decreased various measures of economic activity, such as population size and
total wage expenditures. The main reason for this long-lasting effect is that the earthquake
changed the location choice of migrants, who decided to settle in less affected areas of the
American West. Our findings suggest that a large temporary shock can have a persistent

effect on the location of economic activity.
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1 Introduction

The location of economic activity is highly skewed. In 2007, 600 urban centers generated
60 percent of the world GDP; 190 Northern American cities contributed around 20 percent
alone (McKinsey Global Institute, 2011, p.1).! As economic activity is clustered within a few
core locations, a central question in the field of economic geography is whether fundamental
differences between locations determine the destiny of their economies, or whether chance can
play a role under some circumstances.

The objective of this paper is to empirically investigate how a large negative temporary
shock can change the distribution of economic activity within a region and relate the findings
to the main theories of economic geography (Krugman, 1991; Fujita et al., 1999; Davis and
Weinstein, 2002). In particular, we study the implications of the 1906 San Francisco Earthquake
for the distribution of people and production in the American West during the first half of the
20th century. The main motivation for analyzing the implications of this particular shock is
that the magnitude of this disaster was so considerable that it had the potential to cause a
persistent effect on the geographic distribution of economic development in the region. With
an estimated death toll of 3,000 people, more than 220,000 left homeless, and property damages
of more than $500 million in 1906 dollars, the 1906 San Francisco Earthquake was one of the
worst natural disasters in the history of the United States (USGS, 2012). The main advantage
for our empirical strategy is that this shock was largely unexpected. Before 1906 there was
almost no understanding of how and where earthquakes occurred, nor of the risk they implied
for settling the American West (USGS, 2006, 2012).

We use the average potential damage intensity of the 1906 earthquake as a continuous mea-
sure of “treatment" intensity (Boatwright and Bundock, 2005), which generates variation across
affected counties located in the states of California, Oregon, and Nevada. The timing of the
shock (1906) is the second source of variation. What is crucial for identification is that the
timing of the earthquake makes it possible to rule out that the affected areas were already on
different growth paths relative to non-affected areas before the shock occurred. The empirical

strategy exploits these two sources of variation to provide differences-in-differences (DiD) es-

!The unequal distribution of economic activity is best visualized when looking at light intensity from night-
time satellite images (see, e.g., Henderson et al., 2012).



timates of the shock by comparing economic outcomes before and after the 1906 earthquake
between affected and less (or non-) affected areas in the American West.?

We find that the earthquake had a negative effect on population size and aggregate economic
outcomes of manufacturing and agriculture from 1900 to 1950. This conclusion remains true
after we have controlled for potential convergence patterns before the shock, and time-varying
effects of geographical characteristics. Our estimates are consistent with earthquake damage
being more severe in urban areas, as we find larger effects for the urban population (relative
to total population) and the manufacturing sector (relative to agriculture). With no sign of
recovery of affected counties almost half a century after the earthquake, our findings show that
a temporary shock can have a persistent effect on the spatial distribution of economic activity.

What sets this research apart from the existing literature is the explanation we provide
for the reported effects of the earthquake on the spatial distribution of economic development
in the region. The earthquake happened during a period of mass migration to the United
States (1850-1920), and the American West was a popular destination for immigrants at that
time (Hatton and Williamson, 1998).> We find that the earthquake affected the settlement
decision of immigrants to the American West. Locations in the less affected areas gained
a critical mass of people and economic activity due to the effect that the earthquake had
on the settlement of immigrants coming to the American West. In particular, more affected
counties experienced a significantly lower inflow of migrants after the earthquake. The change
in settlement patterns may partly be driven by the hostile treatment of immigrants in the
affected areas in the aftermath of the earthquake. As Daniels (1995, p.120) writes about the
situation in San Fransisco, “most contemporary observers felt that the earthquake somehow
contributed to an atmosphere in which a large number of extralegal attacks on Japanese and
other Asians occurred”. As an illustrative example of this explanation, our empirical analysis
shows a striking boost in the population of Los Angeles that takes off in the years after the
earthquake (Figure I).

Our approach relates to the empirical literature that studies how historical events affected

2For other studies using this type of DiD strategy, see, e.g., Bleakley (2007), Nunn and Qian (2011), Hornbeck
and Naidu (2014), Kline and Moretti (2014), and Ager et al. (2015).

3Between 1910 and 1940, about 1 million migrants were processed through the port of San Francisco, and
about half a million went through the immigration station at Angel Island (Lee and Yung, 2010, p.4).



the geographical distribution of economic activity. One example of such an event is Germany’s
division and reunification after World War II, which is shown to have a persistent effect on
the location of economic activity by Redding and Sturm (2008), Redding et al. (2011), and
Ahlfeldt et al. (2015). Bleakley and Lin (2012) find persistent effects on population density from
historical advantages of certain locations, even though these advantages have vanished today
due to technological change. Their approach thus makes a strong case for theories predicting
that historical events may leave a long-lasting legacy on the way economic activity is distributed
within an area. In contrast, the studies by Davis and Weinstein (2002), Brakman et al. (2004),
and Miguel and Roland (2011) find no persistent effect of bombings on relative city size.

In terms of studying effects from the 1906 earthquake on economic activities, the present
paper relates to Siodla (2015), who examines how the fires associated with the 1906 earthquake
affected the city structure of San Francisco. Along the same lines, Hornbeck and Keniston
(2014) demonstrate that the land values of burned plots within Boston increased more relative
to unburned plots after the Great Boston Fire of 1872. The results in both papers suggest that
a natural disaster could provide an opportunity to reconstruct cities in more favorable ways.
Our paper has a different focus, as we analyze how the 1906 earthquake affected the spatial
distribution of economic activity in a whole region rather than within a particular city. We
also use a different identification strategy, as we exploit time variation due to the earthquake
together with cross-sectional variation in the potential damage intensity across counties of the
American West.

Finally, our paper relates to the empirical literature on natural disasters and economic
growth. Early studies found positive effects on income (e.g., Albala-Bertrand, 1993; Skidmore
and Toya, 2002; Loayza et al., 2012; Noy, 2009), while Cavallo et al. (2013) find that a disaster
affects economic growth only if it is followed by political turmoil. Using Italian regional data,
Barone and Mocetti (2014) show that the short-run effects of two large-scale earthquakes in the
1970s and 1980s were negative, while the long-run effects were ambiguous. Our findings suggest
that the earthquake in 1906 only affected population movements and aggregate production but

not productivity.*

4Bentzen (2015) exploits different earthquakes at different points in time to show that religiosity increases
significantly (across subnational world districts) after such a natural disaster.



2 The Setting

On April 18, 1906, the earthquake struck California at 5:12 a.m. local time without warning
(Zoback, 2006). The total length of the rapture was 477 km, and the main shock epicenter was
located about 3 km off the shore of the city of San Francisco. While the estimated moment
magnitude places the 1906 San Francisco Earthquake just in the top 20 of the largest earth-
quakes in the history of the United States, the death toll and economic cost of the earthquake
and resulting fires rank it as one of the worst natural disasters in US history. In particular, a
contemporary US Army relief report recorded 498 deaths in San Francisco, 64 deaths in Santa
Rosa, and 102 deaths in and arround San Jose (Greely, 1906), whereas a later study by Hansen
and Condon (1989) revises these numbers and estimates a death toll of around 3,000. More
than 225,000 people became homeless and 28,000 buildings were destroyed with an estimated
economic damage of $500,000,000 in 1906 dollars (NOAA, 1972; USGS, 2012). In comparison,
the total number of earthquake casualties in California from 1812 to 1901 are less than 200
deaths (USGS, 2014). With property damages of an estimated $40 million in 1933 dollars and
115 people killed, the next significant earthquake after 1906 was the Long Beach Earthquake
of 1933, whereas from the 1930s to the present about 200 people have been killed by earth-
quakes in California (USGS, 2014). These numbers paint a picture of the 1906 earthquake as
a once-in-a-century disaster in terms of magnitude and destructions.

The US Geological Survey argues that the 1906 earthquake marked the onset of a scientific
revolution in earthquake research. For seismologists, earthquake risk seemed to have played
a relatively minor role before the disaster in California. This fact is expressed by Andrew
Lawson, at that time a professor in geology at the University of California, Berkeley, who wrote
in the university newspaper in 1904 that “history and records show that earthquakes in this
locality have never been of a violent nature, as so far as I can judge from the nature of recent
disturbances and from accounts of past occurrences there is not occasion for alarm at present”
(USGS, 2006). In terms of our empirical framework, this statement is particularly attractive
since it provides a strong indication that the settlement of the American West in 1906 was not
related to earthquake risk.

Finally, anecdotal evidence suggests that the 1906 earthquake in fact had a long-lasting



effect on the development of the American West. For example, it has been argued that “though
San Francisco would rebuild quickly, the disaster would divert trade, industry and population
growth south to Los Angeles, which during the 20th century would become the largest and
most important urban area in the West”.> This argument is supported by comparing the
population development in the two cities. Figure I shows that the population growth path of
Los Angeles jumped upwards after 1900, and by 1920 Los Angeles was more populous than
San Francisco. Since Los Angeles was not affected by the earthquake, whereas 80 percent of
San Francisco was destroyed, the two areas are representative of a highly treated area and a
non-treated area in our study. Figure I illustrates that the earthquake might have changed
the spatial pattern of relative population densities in the American West. Moreover, Figure 11
displays the development of the manufacturing sector of the two cities between1904 and 1929
with data for every 5th year from the Census of Manufactures. As measured by the number
of establishments, workers, wages, and value added, the manufacturing sector in San Francisco
was stagnating over this time period compared to the manufacturing sector in Los Angeles.
The same conclusion emerges from the dataset we use to conduct the empirical analysis.
In particular, in Figures III and IV we group counties in California, Oregon, and Nevada into
affected (treatment) and non-affected (control) areas and show that urban population, total
population, and total number of manufacturing establishments decreased in the treatment group
relative to the control group after the earthquake. The remainder of this paper is devoted to

empirically testing the hypothesis more formally.

[Figures I-IV about here]

3 Data and Identification

3.1 Data Description and Differences by Damage Intensity

This section describes the main variables used in the empirical analysis. Our continuous mea-

sure of treatment intensity is based on Boatwright and Bundock’s (2005) ShakeMap, which is

Source: http://www.sf-info.org/history/d7/1906-earthquake-and-fire.



displayed in Figure V. Boatwright and Bundock produce a smooth measure of the so-called
Modified Mercalli Intensity (MMI) of the San Francisco Earthquake of 1906. The particular
ShakeMap is deduced from damage reports compiled by Lawson (1908), augmented with in-
tensities inferred from additional historical sources. This amounts to more than 600 sites with
information on observed (potential) damage intensity of the earthquake. Boatwright and Bun-
dock then deploy recent ShakeMap methodology (Wald et al., 1999) to produce the map of
intensities from these sites, where the (potential) damage intensity ranges from none to very
heavy (see Figure V). Using this ShakeMap and county borders from IPUMS, we obtain the
county average MMI with the zonal-statistics function in QGIS. Including all counties in Cal-
ifornia, Oregon, and Nevada, Figure VI shows the data from this procedure, which we use in
the empirical analysis.°®

The potential damage intensity of the earthquake may be correlated with pre-earthquake
population size, as the potential damage is inferred from observed effects. As also argued by
Boatwright and Bundock, in some distant sites, such as Sacramento and San Joaquin Valleys,
where the earthquake was only “slightly felt”, there are not as many damage descriptions
compared to sites in the bay area, for example. To address this limitation, we use distance
from the centroid of each county to the epicenter of the earthquake (N37.70; W122.50) as
an instrumental variable for the potential damage intensity. This instrumental variable is
constructed using QGIS. Our empirical analysis also takes into account potential differences in
initial (economic) conditions of counties. For example, in the specifications where population
is the outcome variable, we control for the county population size immediately before the
earthquake interacted with a full set of period fixed effects. In addition, we report various
empirical tests demonstrating that the damage intensity is in fact uncorrelated with changes in

observable characteristics before the 1906 earthquake.

[Figures V-VII about here]

County-level data on population, manufacturing, and agriculture are drawn from the US

census of population, manufacturing, and agriculture, respectively (Haines, 2010; Haines et al.,

6Counties which are not depicted on the ShakeMap are assigned the value zero and, therefore, regarded as
non-affected control counties.



2014). From these sources, we use the following outcome variables: urban population (mea-
sured as the population size for places with a population of 2500 or more), total population,
dwellings, manufacturing establishments, manufacturing workers, manufacturing wages, manu-
facturing value added, farms, average value of farmland per acre, and agricultural value added.”
Additional outcome variables are constructed using census data from the Integrated Public Use
Microdata Series (IPUMS) database (Ruggles et al., 2010). These variables are the number
of men/women in the age group 20-40 per capita, the number of immigrants (measured as
individuals born outside the state of current residence) per capita, fertility (measured as the
child-women ratio), and the number of married individuals per capita.® Geographical controls
(i.e., latitude, longitude, average temperature, number of severe droughts, number of beaches
and bays, and ocean dummy) are retrieved from Fishback et al. (2011).

The samples are balanced panels of 35 to 98 counties (depending on the outcome variable)
from 1890 to 1950.° When studying the effect on urban population, the sample is restricted to
counties classified as urban in 1890. Figure VII displays the spatial distribution of the 35 urban
counties by their log urban population size in 1900. Summary statistics of the main variables

used in the empirical analysis are shown in Table I.

[Table I about here]

In order to describe baseline differences in initial (pre-earthquake) county characteristics by

damage intensity, we estimate the following equation:

ngOU = o + vIn(14quake,) + X, + €, (1)

"For the 1910 Census, no manufacturing data are available at the county level.

8In these specifications 1890 is replaced by 1880 as the 1890 individual-level census is unavailable (the data
were lost in a fire).

9While Figures I, III, and IV use data from 1870 to 1950, the empirical analysis starts in 1890 such that we
have a balanced panel with a cross-section of reasonable size. Our empirical analysis ends in 1950, as several
measures of interest are only available at the county level until 1950. For example, the IPUMS does not provide
county identifier in the public use sample from 1950 onwards. The Census also changed the definition of what is
considered to be an urban place after 1950. In our sample 14 counties changed their border between 1890 and
1950. These counties are Colusa, Mariposa, San Bernardino, San Diego, and Tulare in California; Esmeralda,
Humboldt, and Lincoln in Nevada; and Benton, Crook, Gilliam, Grant, Polk, and Wasco in Oregon. These
results are available upon request from the authors.



where y!

90 i5 the (log) outcome measured six years before the earthquake in 1900, quake, is
the potential damage intensity, X, includes geographical controls, and €. is the error term.
The estimates of v reflect pre-earthquake level differences between affected and non-affected
counties and are reported in columns 1 and 2 of Table II. Consistent with the historical accounts
on the development of the American West prior to the 1906 earthquake, the evidence reveals
that the potential damage intensity of the earthquake was higher in areas with more economic
mass as measured by population size and other indicators of economic development, such as
manufacturing wages or the value of farmland per acres. This is also the case once we add the
geographical controls in column 2.

As already mentioned, the identifying assumption of our strategy is that affected and non-
affected counties share common pre-trends in the outcome variables. Before reporting more

rigorous tests of this, we explore whether there are differences in pre-earthquake changes in the

outcomes by damage intensity. The estimating equation is:

Ay1890—1900 —— + 71H(1+quak66) + Xc + €cy (2)

[

1890—1900
c

where Ay is the change in the (log) outcome prior to the earthquake between 1890 and
1900, and the remaining variables are defined as in equation (1). The estimates, reported in
columns 3 and 4 of Table II, show that more affected and less (or non-) affected counties had
similar changes in all outcomes but one prior to the shock once we control for the geographical

characteristics. In particular, only for agricultural value added do we find a negative estimate

which is statistically significant at the 5 percent level.

[Table II about here]

3.2 Identification

We use a differences-in-differences (DiD) setup with a continuous measure of treatment inten-
sity (which is the potential damage intensity) to capture any possible differential development
in the outcomes of interest between affected and unaffected counties. This estimation tech-

nique exploits the differential intensity of the earthquake across counties in California, Oregon,



and Nevada and compares the outcomes before and after the shock. The baseline estimation

equation takes the following form:

1950 1950 1950
Yot = Z B;In(1 + quake,) x I} + Z X,IT; + Z Yea900l{mj +0c + &+ e, (3)
j=1890 j=1890 j=1890

where y,, is the outcome in county c at period ¢, quake. is the potential damage intensity, » ]g
is the full set of time-period fixed effects, where 1900 is the omitted period of comparison, X,
is a set of geographical controls, ¥.1900 is the outcome of interest measured in the period prior
to the earthquake, i.e. in 1900 (we refer to this variable as the initial outcome), . and ¢, are
county and time-period fixed effects, and . is the error term. We compute standard errors
that are Huber robust and clustered at the county level.

While the specification of the flexible model in equation (3) allows us to investigate the
identifying assumption of common pre-trends to “treatment” (i.e., the earthquake) along with
the dynamic behavior of the outcome due to the shock, we also estimate a “fixed model” in
which the time-period fixed effects, in the first term on the right-hand side of equation (3),
are replaced with an indicator variable I°* which equals one for the periods after 1900 (i.e.,
t > 1910). The estimates from this model specification can be used to quantify the average
effect of the earthquake over a 50-year period. In order to take into account the possibility that
quake, is measured with error, we also estimate the effect of the earthquake by two-stage least
squares (2SLS) using the (log) physical distance from a county’s centroid to the epicenter as
the excluded instrument. The 2SLS results are reported for the fixed-model specification in the

bottom of the regression tables.

4 Results

4.1 Main Estimates

The estimates of the effect that the 1906 San Francisco Earthquake had on population develop-

ment and housing are shown in Table III. We present results for urban population in columns



1 and 2, total population in columns 3 and 4, and total number of dwellings in columns 5
and 6.1 The first specification, reported in the odd-numbered columns, includes time-period
fixed effects, county fixed effects, and geographical controls (i.e., latitude, longitude, average
temperature, number of severe droughts, number of beaches and bays, and an ocean dummy)
interacted with time-period fixed effects. In the second specification, reported in the even-
numbered columns, we also include the initial value of the outcome variable interacted with
time-period fixed effects. Focusing on panel A, we find no differences in how population and
housing changed between affected and non-affected counties prior to the 1900s, demonstrating
that the non-affected counties constitute a relevant control group since they, at least on ob-
served outcomes, were not on a significantly different growth path of development before the
shock. The estimates reveal that from 1900 to 1910 the affected counties experienced a decline
in their population and number of dwellings relative to unaffected counties. The remaining
estimates in panel A reveal that the short-run decline in population and dwellings persisted
(or even increased moderately) at least until 1950. Based on this analysis, we conclude that
the 1906 earthquake had a persistent effect on the spatial pattern of population density in the
American West.

The estimates from the fixed-model specification are reported in panel B of Table III. They
can be interpreted as DiD estimates of the shock using a continuous measure of the intensity
of treatment. In line with the flexible estimates, the fixed-model estimates also show that,
on average, the disaster influenced both population and dwellings negatively. The estimated
coefficients are all statistically significant at least at the 10 percent level. According to the
estimate reported in column 2, increasing the potential damage intensity (i.e.,1+ quake) by
one percent decreases urban population by 0.33 percent. In column 4, a one percent increase
in potential damage intensity is associated with a decrease in total population of 0.21 percent.
Thus, perhaps unsurprisingly, urban counties responded significantly stronger to the earthquake
because the consequential damages are likely to be more severe in urban areas. For dwellings,
a one percent increase in potential damage intensity reduces the housing stock by 0.18 percent

(column 6). Panel C reports the corresponding 2SLS estimates using log physical distance to

10When considering urban population, the sample is restricted to 35 counties as we require that a county was
urban before the earthquake to be included in our sample.

10



the epicenter of the earthquake as an instrumental variable for the potential damage intensity.
In terms of instrument quality, our instrumental variable strategy yields a strong first-stage
fit. The Kleibergen Paap F-statistic, reported in the bottom of Table III, is 24 or above,
and hence in excess of the rule-of-thumb criterion provided in Staiger and Stock (1997) for
instruments to be declared weak. In general, we obtain the same conclusions as from the least
squares estimates in panel B, although the numerical values of the 2SLS estimates are generally
larger in absolute terms. Attenuation bias or potential underreporting in rural areas where the
damages from the earthquake were less severe could yield to downward-biased least squares
estimates. Finally, Figure VIII displays the partial correlation plot between the earthquake
shock and urban population by estimating a long-difference model using only data from the
initial period, 1900, and the end year, 1950. This plot illustrates that our finding is not driven

only by differences between San Francisco and Los Angeles, nor any other potential outliers.

[Table III and Figure VIII about here/

Tables IV and V provide estimates of the effects that the 1906 earthquake had on outcomes
in the manufacturing and agricultural sectors. The presented results follow the same outline
as Table III. In line with the previous findings, the estimates for the manufacturing sector
reveal no differential pre-trend across affected and non-affected counties. This is the case for
the number of establishments, workers, total wage expenditures, and total value added (panel
A of Table IV).! By 1920, however, there is a clear negative association between the potential
damage intensity and the outcome variables, and by 1930 the effects become even stronger
in magnitude. The remaining estimates in panel A reveal that the declines from 1900 to
1930 generally persist through 1950. The fixed-model setup of panel B, shows a significant
negative effect of the shock for all the considered outcome variables. The estimated impact on
manufacturing establishments is -0.38 (column 2), for manufacturing workers it is -0.4 (column
4), for manufacturing wages it is -0.71 (column 6), and for manufacturing value added it is -0.55
(column 8). Following the same instrumental variable strategy as in panel C of Table III, we

find that the estimated coefficients are all negative and statistically significant and again larger

1'The year 1920 is the first time period we observe after the shock, as county-level data from manufacturing
in 1910 are not available.
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in absolute terms. Moreover, these findings suggest that productivity, measured as wage per
manufacturing worker, is largely unaffected, which is confirmed by regressing the log of wages
per worker on our shock variable (not reported).

If the effect of the 1906 earthquake was larger in urban areas, as suggested by the estimates
presented in Table III, it is likely that the relative effect in the manufacturing sector, which is
typically located in urban areas, would be significantly larger than in the agricultural sector.
Table V considers number of farms, farmland prices, and total agricultural value added as
outcome variables. Apart from agricultural value added, reported in the last two columns,
there is no sign of significant pre-trends between affected and non-affected counties. Thus, only
after 1900 do we find statistically significant negative effects on land prices and value added
from the earthquake. Comparing the DiD estimates of panel B to the manufacturing results
reveals that the agricultural sector was less affected by the earthquake. For example, column
6 reports that a one percent increase in damage intensity is associated with a 0.42 percent
decrease in value added, while the same estimate for the manufacturing sector is -0.67 (column
8 of Table IV).!? Finally, the instrumental variable analysis, reported in panel C, raises doubt
whether the earthquake had any effect on the total number of farms, as the point estimate

drops from 0.11 (standard error = 0.06) to 0.03 (standard error = 0.08).

[Tables IV and V about here/

4.2 Demographic effects

Table VI presents results on how the 1906 earthquake affected the demographics of the American
West. The data for this analysis are obtained from IPUMS, implying that the years 1890 and
1950 are not included. Thus, in order to check the assumptions of common pre-trends of
outcome variables in affected and non-affected counties, we extend the dataset to include 1880.
Table VI reports the results for men (women) in the age group 20-40 per capita, immigrants

per capita,'® fertility measured by the log child-women ratio, and marriages per capita. The

12Given the positive and statistically significant coefficient in the pre-treatment period for agricultural value
added, the computed DiD estimate, reported in panels B and C, over-estimates the effect of the shock.
13We measure immigrants by counting the number of people not born in the current state of residence.

12



reported estimates are conditional on county and time-period fixed effects, a set of geographical
controls, and initial-outcome measures both interacted by time. The flexible estimates in panel
A of Table VI largely confirm the validity of the identifying assumption. Panels B and C show
that the number of immigrants per capita decreased as a consequence of the earthquake (column
3), suggesting that the total number of immigrants decreased disproportionately more than the
total population according to the significant negative effects documented in Section 3 on total
population size. The estimates also show mno robust effects on the remaining demographic
variables (the number of men (or women) aged 20 to 40, fertility, or marriages per capita.).!
Thus, unlike, e.g., Finlay (2009) and Nobles et al. (2014), we find no evidence suggesting a

fertility response to a natural disaster. In sum, we conclude that effects on population is driven

by the earthquake diverting migrants to the less and non-affected areas of the American West.

[Table VI about here]

5 Concluding remarks

This paper establishes that the 1906 San Francisco Earthquake changed the spatial pattern
of relative economic densities in the American West during the first half of the 20th century.
We show evidence which supports the hypothesis that the shock had a long-lasting effect by
diverting the settlement of migrants to less affected areas. Our results suggest that people
living in areas affected by a natural disaster are more likely to stay there and rebuild what was
lost compared to migrants, who have fewer, if any, ties to specific locations. These findings are

consistent with multiple steady-state distributions of economic activity.

14We use these particular age groups since the individuals of these ages have the highest degree of mobility
and are thus ex-ante more likely to migrate due to the shock.
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Figure I: City population in Los Angeles and San Francisco, 1860-2010
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Notes. This figure depicts the city population sizes in Los Angeles and San Francisco every 10th year from 1860
to 2000. The solid vertical line indicates the year of the earthquake (1906), whereas the dashed vertical line

indicated the final year of our sample in the empirical analysis.
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Figure II: Manufacturing sectors in Los Angeles and San Francisco, 1904—1929
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Notes: These figures show the development in the total number of manufacturing establishments (panel A),
total number of manufacturing workers (panel B), total wage expenditures in manufacturing (panel C), and
total value added in manufacturing for the cities of Los Angeles and San Francisco. The years are: 1904, 1909,
1914, 1919, 1921, 1925, 1927 and 1929. The vertical indicates the year of the earthquake (1906).

Source: US Census of Manufactures (various years).
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Figure III: Population development in the affected and non-affected counties, 1870-1950
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Notes. These figures show the development of the total population and urban population, where we have
grouped according to the treatment intensity measure used in the empirical analysis. Treatment is defined as
the counties that were affected to some extent, whereas Control reflects the counties not affected at all. Panel A
depicts the urban population and panel B the total population. The vertical indicates the year of the earthquake
(1906).

Source: Haines (2010) and Boatwright and Bundock’s (2005)
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Figure IV: Total number of manufacturing establishments in the affected and non-affected
counties, 1880-1950
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Notes: These figures show the development in the total number of manufacturing establishments, where we
have grouped according to the treatment intensity measure used in the empirical analysis. Treatment is defined
as the counties that were affected to some extent, whereas Control reflects the counties not affected at all. The
vertical indicates the year of the earthquake (1906). There are no data on manufacturing establishments in
1910.

Source: Haines (2010) and Boatwright and Bundock’s (2005)
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Figure V: Shakemap of the 1906 San Francisco Earthquake

1906 Earthquake, M7.8, Depth 10 km, Epicenter N37.75 W122.55
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Notes: This figure show the earthquake intinsity of the 1906 San Francisco Earthquake.
Source: Boatwright and Bundock’s (2005)
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Figure VI: Sample of affected and non-affected counties (shock intensity)
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Notes: This is the sample of counties used in the empirical analysis, showing the earthquake intensity of the
1906 San Francisco Earthquake derived from Boatwright and Bundock’s (2005) using Quantum GIS.

Figure VII: Log urban population in 1900
2

Notes: This is the reduced sample of counties used in the urban-population specification The criteria for a
county be included is that is was urban, defined as a population larger than 2500, in 1890. The maps depicts

log urban population size in 1900.
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Figure VIII: Partial correlation plot for log urban population
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Table I: Summary Statistics

n @2 6 @ 06

N mean sd min  max
Outcomes (in logs):
urban population 245 9.848 1.541 7.826 15.21
population 686 9.562 1.427 5.485 15.24
dwellings 588 8.099 1.336 4.159 13.78
mfg. establishments 511 3.840 1.387 0 9.156
mfg. workers 492 6.438 1.819 1.609 12.77
mfg. wages 459 13.53 2.143 8.300 20.82
mfg. value added 459 14.36 2.148 9.303 21.43
farms 588 6.592 1.319 0 9.446
land value per acre 686 3.621 1.136 0.693 9.700
agr. value added 588 14.24 1.491 5.030 17.96
quake damage intensity 686 1.939 2.690 0 8.377
distance epicenter 686 458.7 279.8 7.908 986.4
latitude 686 40.03 3.385 32.43 46.11
longitude 686 120.5 2.233 114.3 124.3
coast pacific 686 0.265 0.442 0 1
droughts 686 5.515 2.517 1.429 10.57
temperature 686 53.16 5.293 43.43 64.40
beaches 686 3.357 7.144 0 37
bays 686 5.724 9.216 0 46

Notes: The table reports summary statistics for the main variables used in the analysis. Notice that the

geographical (cross-sectional) variables quake damage intensity, distance epicenter, ..

., are time invariant, but

in the empirical analysis they are interacted by time fixed effect in order not to be absorbed by county fixed

effects.
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Table II: Pre-Quake County Characteristics
levels changes
1900 1890-1900
geographical controls:
no yes no yes
#obs (1) (2) (3) (4)
Panel A: Population
urban population 35 0.301 0.372 -0.0220 0.0775
(0.234) (0.324) (0.0489) (0.124)
population 98  0.505%*F*  (0.403** -0.0312 -0.0123
(0.122) (0.170) (0.0265) (0.0441)
dwellings 98  0.465%*FF  0.371** -0.0223  0.000292
(0.114) (0.164) (0.0267) (0.0437)
Panel B: Manufacturing
estabslishments 86  0.414%**  (.383** -0.0109 0.0450
(0.153) (0.192) (0.0994) (0.0886)
workers 83  0.551%FF  (.551%** 0.0780 -0.0237
(0.202) (0.202) (0.0814) (0.140)
wages 7 0.495%*%  (0.540** 0.0450 0.00629
(0.213) (0.259) (0.0886) (0.155)
value added 7 0.466**  0.549** -0.0136 0.0140
(0.201) (0.235) (0.0819) (0.141)
Panel C: Agriculture
land value per acre 98  0.370*%**  0.207* -0.0980***  -0.0120
(0.0956)  (0.116) (0.0360) (0.0572)
farms 98  0.302%FF  0.175 -0.0922**  -0.0497
(0.113) (0.181) (0.0413) (0.0498)
value added 98  0.470%%*  0.410%* -0.216%%*  -0.147**
(0.110) (0.192) (0.0431) (0.0585)

Notes: The table reports OLS estimates.

pre-quake (1900) county-level characteristics by In(1+quake-damage intensity) without and with geographical
controls, respectively. Columns 3 and 4 report the pre-quake county-changes characteristics by In(14quake-

damage intensity) without and with geographical controls, respectively. We refer to the data appendix for

All variables are reported in logs.

Columns 1 and 2 report the

further details. Constants are not reported. Robust standard errors are reported in parentheses.

Rk p<<0.01, ** p<0.05, * p<0.1.
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Table III: Population and dwellings

Dependent variable (in logs)
urban population total population dwellings

(1) (2) 3) (4) ©) (6)

Panel A: Flexible estimates (OLS)

In(1+quake) x 1890 -0.0775 -0.0395 0.0123 0.0373  -0.000292  0.0220
(0.107)  (0.0930)  (0.0420)  (0.0437)  (0.0417)  (0.0435)
In(14+quake)x 1910 -0.246*%*  -0.279%F*  _0.109* -0.124%* -0.107* -0.115%*
(0.0991)  (0.0975)  (0.0587)  (0.0552)  (0.0598)  (0.0573)
In(1+quake) x 1920 -0.245 -0.277* -0.0625 -0.0977 -0.0772 -0.0997
(0.153)  (0.151) (0.0869)  (0.0870)  (0.0846)  (0.0874)
In(1+quake) x 1930 -0.342*%*  -0.385%* -0.149 -0.198%* -0.153 -0.193*
(0.160)  (0.161) (0.101) (0.0989)  (0.0998)  (0.102)
In(14+quake)x 1940 -0.392%*  -0.434%FF  _0.209%F  -0.259%F*  _0.221F*  -0.257F**
(0.164)  (0.160) (0.0997)  (0.0983)  (0.0897)  (0.0939)
In(1+quake) x 1950 -0.362**  -0.350** -0.197 -0.270%*
(0.147) (0.154) (0.121) (0.117)
Panel B: DiD estimates (OLS)
In(1+quake) x I7o5 -0.279*%*  -0.325%*F*  _0.151* -0.208%* -0.139%* -0.177%*
(0.131)  (0.123) (0.0916)  (0.0871)  (0.0814)  (0.0821)
Panel C: DiD estimates (2SLS)
In(1+quake) x I7o5! -0.336*%  -0.354**  -0.313*** -0.313%**  -0.244**  -0.239**
(0.176) (0.174) (0.121) (0.119) (0.115) (0.111)
Kleibergen-Paap
F-statistics 27.52 32.00 79.50 84.80 79.67 86.25
Controls (x Y I’)
geographical Yes Yes Yes Yes Yes Yes
initial outcome No Yes No Yes No Yes
observations 245 245 686 686 588 588
counties 35 35 98 98 98 98

Notes: The observations are reported at the county level over the period 1890-1950 (every decade). Panel A
reports flexible estimates, where the comparison year is 1900 (OLS), Panel B reports DiD estimates (OLS), and
Panel C reports DiD estimates using log 1 4+ distance to the epicenter interacted with a time indicator as an
IV. All regressions include county and time fixed effects. The outcome variables are: log population for the
sample of counties that were urban before the quake (columns 1 and 2), log population for all counties in the
sample (columns 3 and 4), and log dwellings (columns 5 and 6). Quake is the potential damage intensity of
the SF earthquake. 175t is the time indicator, which equals zero before 1910 and one after. The geographical
controls are: latitude, longitude, coast-pacific dummy, # droughts, avg. temperature, # bays, and # beaches.
Initial outcome is the outcome of interest in the year 1900. These cross-sectional measures are interacted with a

full set of year fixed effects. Constants are not reported. Standard errors (in parentheses) account for arbitrary

heteroskedasticity and are clustered at the county level.
¥k p<<0.01, ** p<0.05, * p<0.1.
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Table V: Agriculture

Dependent variable (in logs)

farms land value per acre value added
U @ ) @ ) (©)
Panel A: Flexible estimates (OLS)
In(1+quake) x 1890 0.0497  0.0369 0.0120 0.0591 0.147**%  0.136**
(0.0475)  (0.0453)  (0.0545)  (0.0548)  (0.0557)  (0.0562)
In(1+quake)x 1910 -0.0793  -0.0923* -0.283*** _0.299*%** _0.159%**  _0.210**
(0.0516)  (0.0493)  (0.0681)  (0.0654)  (0.0614)  (0.0832)
In(1+quake) x 1920 -0.0187  -0.0553  -0.281*** -0.277*** -0.140 -0.255%*
(0.0748)  (0.0668)  (0.0922)  (0.0911)  (0.107) (0.101)
In(14+quake) x 1930 -0.0185  -0.0646 -0.311*** -0.345%** -0.159 -0.247**
(0.0819)  (0.0697)  (0.105) (0.0994) (0.103) (0.0993)
In(1+quake) x 1940 -0.134  -0.179%%  -0.301*** -0.312*%** -0.250%**F -0.331***
(0.0879)  (0.0790)  (0.105) (0.102)  (0.0885)  (0.0781)
In(1+quake) x 1950 -0.4007%#*  -0.417***
(0.121) (0.116)
Panel B: DiD estimates (OLS)
In(1+quake) x I7o5! -0.0874  -0.116*  -0.321*** -0.359**F* -0.250***  -0.329%**
(0.0708)  (0.0642)  (0.0828)  (0.0798)  (0.0768)  (0.0747)
Panel C: DiD estimates (2SLS)
In(14quake) x 175! -0.110  -0.0287  -0.452%*F*  _0.480*** -0.436*** _-0.421%**
(0.0941)  (0.0747)  (0.123) (0.116) (0.132) (0.118)
Kleibergen-Paap
F-statistics 79.67 106.54 79.50 81.85 79.69 81.66
Controls (x > IY)
geographical Yes Yes Yes Yes Yes Yes
initial outcome Yes Yes Yes Yes Yes Yes
observations 588 588 686 686 588 588
counties 98 98 98 98 98 98

Notes: The observations are reported at the county level over the periods 1890-1940 or 1890-1950 (every decade).
Panel A reports flexible estimates, where the comparison year is 1900, Panel B reports DiD estimates (OLS),
and Panel C reports DiD estimates using log distance to the epicenter interacted with a time indicator as an
IV. All regressions include county and time fixed effects. The outcome variables are: log farms (columns 1 and
2), log land value per acre of farm land (columns 3 and 4), and log value added (columns 5 and 6). Quake
is the potential damage intensity of the SF earthquake. IP°*!is the time indicator, which equals zero before
1910 and one after. The geographical controls are: latitude, longitude, coast-pacific dummy, # droughts, avg.
temperature, # bays, # beaches, which are interacted with a full set of year fixed effects. Initial outcome is the
outcome of interest in the year 1900 interacted with a full set of year fixed effects. Constants are not reported.

Standard errors (in parentheses) account for arbitrary heteroskedasticity and are clustered at the county level.

Rk p<<0.01, ** p<0.05, * p<0.1.
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Table VI: Demographic Channels

Dependent variable (in logs)
men 20- women 20- immi- child01/ child05/  married

40 per 40 per grants per women  women per capita
capita capita capita
(1) (2) (3) (4) (5) (6)

Panel A: Flexible estimates (OLS)
In(1+quake) x 1880 -0.0234 0.114%* 0.0282 0.0811 -0.0570 0.0278

(0.0740)  (0.0520) (0.0428)  (0.118)  (0.0706)  (0.0345)
In(14-quake)x 1910 0.0241 0.0273  -0.0827**  -0.0674 -0.154*%*  -0.00745
(0.0647)  (0.0459) (0.0410)  (0.0848)  (0.0716)  (0.0397)
In(1+quake) x 1920 0.0995 0.0152 S0.141FFF 0,101 -0.128%*F  -0.0632*
(0.0686)  (0.0611) (0.0458)  (0.0811)  (0.0587)  (0.0375)
In(1+quake) x 1930 0.0172  -0.0865%*  -0.0138  -0.0200  0.0454  -0.0368
(0.0550)  (0.0417) (0.0429)  (0.0931)  (0.0931)  (0.0297)
In(1+quake) x 1940 0.0354  -0.0138  -0.0877*%*  0.0435  -0.0600  -0.00122
(0.0362)  (0.0213) (0.0298)  (0.0931)  (0.0720)  (0.0180)

Panel B: DiD estimates (OLS)
In(1+quake) x 1775 0.0557  -0.0715**  -0.0954**  -0.0767  -0.0455 -0.0411
(0.0440)  (0.0330) (0.0393)  (0.0538)  (0.0484)  (0.0273)

Panel C: DiD estimates (2SLS)
In(1+quake) x 1775 0.0472 -0.0557 -0.159***  0.00791  -0.0623 -0.0425

(0.0559)  (0.0480) (0.0426)  (0.0761)  (0.0660)  (0.0287)
Kleibergen-Paap
F-statistics 55.66 49.33 63.30 52.04 50.52 57.69
Controls (x Y I7)
geographical Yes Yes Yes Yes Yes Yes
initial outcome Yes Yes Yes Yes Yes Yes
observations 462 432 474 342 420 468
counties 77 72 79 57 70 78

Notes: The observations are reported at the county level over the period 1880 and 1900-1940 (every decade).Panel
A reports flexible estimates, where the comparison year is 1900, Panel B reports DiD estimates (OLS), and
Panel C reports DiD estimates using log distance to the epicenter interacted with a time indicator as an IV. The
outcome variables are: log men aged 20-40 per capita (column 1), log women aged 20-40 per capita (column
2), log immigrants per capita (column 3), log children aged 0-1 per women of childbearing age (column 4),
log children aged 0-5 per women of childbearing age (column 5), and log number of married individuals per
capita (column 6). Quake is the potential damage intensity of the SF earthquake. I °st is the time indicator,
which equals zero before 1910 and one after. The geographical controls are: latitude, longitude, coast-pacific
dummy, # droughts, avg. temperature, # bays, # beaches, which are interacted with a full set of year fixed
effects. Initial outcome is the outcome of interest in the year 1900 interacted with a full set of year fixed effects.
Constants are not reported. Standard errors (in parentheses) account for arbitrary heteroskedasticity and are
clustered at the county level.

Rk p<<0.01, ** p<0.05, * p<<0.1.
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