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came more attractive migrant destinations in the immediate aftermath of the earthquake, which
Keywords: permanently changed relative city sizes in the American West.
Economic geography
Location of economic activity
Migration
Natural disasters

1. Introduction

The location of economic activity is highly skewed. In 2020, the ten largest U.S. metropolitan areas accounted for roughly one-
third of America’s GDP. As economic activity is clustered within a few core metropolitan areas, a central question in economics is
what determines the distribution of city sizes. Economists typically think of locational fundamentals and agglomeration economies
as key determinants for the locations and relative sizes of cities. While theories based on locational fundamentals would predict that
even large temporary shocks would leave the distribution of city sizes unchanged (e.g., Davis and Weinstein, 2002, agglomeration
economies can give rise to multiple equilibria implying path dependence in city sizes (e.g., Bleakley and Lin, 2012; Bleakley and Lin,
2015; Krugman, 1991).

One possible mechanism of path dependence is the existence of migrant networks. Historically, migrants’ decision to settle in a
specific location depended primarily on established networks of relatives and friends (i.e., chain migration). Such social networks
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reduced the costs of moving for newcomers by providing valuable information about job opportunities, housing, laws and customs in
the destination country (e.g., Ferrie and Hatton, 2015; Moretti, 1999; Wegge, 1998). The value of locating near other people with the
same cultural background can explain persistence in relative city sizes, even if the factors that had determined the location choice of
pioneer settlers became obsolete.

In this paper, we investigate if a major natural disaster is able to break up the path dependence of chain migration by interrupting
existing migrant networks. In particular, we examine how the 1906 San Francisco Earthquake, a large but temporary shock, affected
the long-run distribution of economic activity in the American West. The earthquake happened during a period of mass migration in
the United States and at a time when the American West was still at the beginning of its development process. Large-scale settlement
of the American West had begun in the second half of the 19th century, when job opportunities in mining and improvements in
transportation transformed the region into a popular destination for foreigners and migrants from other parts of the United States
(e.g., Clay and Wright, 2012; Hedges, 1926; White, 2011). One might expect that the destructive intensity of the 1906 San Francisco
Earthquake was large enough to disrupt the social networks leading to chain migration.

Our approach to answer this question starts by evaluating whether the 1906 San Francisco earthquake affected the distribution
of city sizes in the American West by using newly-collected data on the population size of cities and towns in California, Oregon, and
Nevada for every decade from 1870 to 1970. Our estimation strategy compares city sizes before and after the earthquake between
more and less affected cities. Estimates from this differences-in-differences strategy reveal that more affected cities experienced
a substantial decline in population size relative to less affected cities after the earthquake occurred. This conclusion is robust to
controlling for possible time-varying effects of a wide range of local geographical characteristics, such as proximity to San Francisco
and Los Angeles. Importantly, the relative negative long-run effect of the earthquake also remains in place when allowing for a
different adjustment process of affected cities located inside the Bay Area, or when considering cities with different access to markets
and credit. We also show that the persistent effect of the earthquake is independent of city size. Our baseline estimate implies that
a one-standard deviation increase in earthquake intensity is associated with a decrease in relative city size of around 36 percent in
1970, which corresponds to a relative decline of 0.6 percentage points in annualized population growth.

Next, we study the settlement patterns of migrants arriving in the American West around the time of the earthquake to evaluate
the “chain-migration” hypothesis. This analysis is based on a repeated cross-section of newly-digitized complete-count U.S. Census
samples. We show that the earthquake had significant larger effects on net-migration rates in areas with larger preexisting migrant
networks, suggesting that that earthquake disrupted the path-dependence of chain migration, which helps to explain the persistence
of the shock. Finally, we create a linked sample of adult males from 1900 to 1910, which allows us to construct in- and out-migration
rates for affected and non-affected areas. The analysis based on the linked sample reveals that our results are driven by negative
effects on in-migration rates.

This finding relates to empirical studies on the economic consequences of natural disasters in the United States during the first half
of the 20th century, documenting that people moved away from the affected areas as a response to the shock (Boustan et al., 2012;
Ferrie and Naidu, 2014; Hornbeck, 2012; Long and Siu, 2018).! Recent work by Boustan et al. (2017) evaluates how natural disasters
affected migration rates and other economic outcomes at the county level between 1920 and 2010. The authors show that counties
hit by severe disasters experienced falling land prices, greater out-migration rates, and higher poverty rates. Our migration analysis,
on the other hand, focuses on whether in-migration rates responded to a natural disaster that happened in an relatively attractive
area at that time. Our findings suggest that the 1906 San Francisco Earthquake left a long-lasting mark, mainly because it interrupted
the path-dependence of chain migration, which diverted migrants to less affected areas of the American West. We also contribute to
recent studies that investigate the effect of fires on city development. Ferrie and Keniston (2017) focus on the Great Boston Fire of
1872 and (Siodla, 1906; 2017) on the 1906 San Francisco Fire. Both studies find beneficial long-run effects on city development from
these shocks. While these papers investigate the development of a single city after reconstruction, the present paper evaluates how a
shock to the placement of people affected the relative size of cities and towns in a whole region over a relatively long time period. In
this respect, our finding speaks also to a broader literature that examines the effect of natural disasters on economic growth which
finds, in general, mixed results (e.g., Cavallo et al., 2013; Imaizumi et al., 2016; Loayza et al., 2012; Strobl, 2011).

Our paper also advances the literature that highlights the importance of historical events for understanding the present-day
locations of economic activity. Bleakley and Lin (2012) and Henderson et al. (2017) show that fundamentals that were histor-
ically important at the time when cities were founded leave a permanent mark on the spatial distribution of economic activity
due to scale economies. Kline and Moretti (2014), Jedwab and Moradi (2016), Hanlon (2017), and Michaels and Rauch (2018) all
obtain similar conclusions by finding persistent effects of historical events on the geographic distribution of economic activity.
Schumann (2014) even shows that a different resettlement policy for German World War II expellees in the American and French
zone can have long-lasting consequences for population levels. In contrast, Davis and Weinstein (2002), Brakman et al. (2004) and
Miguel and Roland (2011) find no long-run effects of war-related events on relative city sizes.

2. Historical background

The California Gold Rush in 1848 unleashed a massive wave of migration to the American West. Over the next decades, an
expanding mining sector, the construction of a transcontinental railroad, coupled with the distribution of public land to settlers via

1 Ferrie and Naidu (2014) find for a sample of rural counties in the U.S. South that the Great Mississippi Flood of 1927 did not effect total
population, possibly due to the in-migration of white labor, yet the flood triggered black out-migration and agricultural modernization.
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the Homestead Act of 1862, attracted more migrants from the rest of the United States and abroad. The expansion of the railroad
network towards the end of the 19th century further promoted the westward expansion by substantially reducing transportation costs
of goods and people (e.g., Donaldson and Hornbeck, 2016; North, 1966; Walker, 2001; White, 2011). In 1900, for example, every
second person in California, Nevada and Oregon was born out of state, and more than 20 percent were born abroad. During the 20th
century, the American West experienced a rapid structural transformation (Malone and Etulain, 1989; Olmstead and Rhode, 2017).
Overall, the population of the three states in our sample grew from around 2 million in 1900 to 22 million in 1970. During the same
period, the share of the labor force working in agriculture decreased from around 28 percent to less than four percent and GDP per
capita increased by around two percent per year (Turner et al., 2013).

Earthquakes occurred in the region before 1906, but were accepted as a nuisance in daily life. According to the U.S. Geological
Survey, it was the 1906 earthquake that marked the onset of a scientific revolution in earthquake research, meaning that the timing
and the location of the earthquake were unanticipated (Zoback, 2006). 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 “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” (cited in Zoback, 2006, p. 4).

The earthquake struck on April 18, 1906 at 5:12 a.m. local time without warning. The total length of the rupture was 477 km (296
miles), and the main epicenter was located about 3 km off the shore of San Francisco. While the estimated moment magnitude places
the 1906 San Francisco Earthquake just in the top 20 of the largest earthquakes in the history of the United States, the death toll,
economic cost, and the associated fires classify it as one of the worst natural disasters on American soil. A contemporary U.S. Army
relief report recorded 498 deaths in San Francisco, 64 deaths in Santa Rosa, and 102 deaths in and around San Jose (Greely, 1906).
Revised numbers estimate an overall death toll of circa 3,000 individuals (Hansen and Condon, 1989). Besides the casualties, more
than 225,000 people became homeless and 28,000 buildings were destroyed with an estimated economic damage of 10.5 billion in
current U.S. dollars (Algermissen, 1972).

In comparison, there were less than 200 earthquake casualties in California from 1812 to 1901 and the property damages of the
next significant earthquake after 1906, the Long Beach Earthquake of 1933, was around 750 million in current U.S. dollars (Coffman
et al., 1982; Toppozada and Branum, 2004). From the 1930s until today, around 200 people have been killed by earthquakes in
California (Toppozada and Branum, 2004). Together, these facts paint a picture of the 1906 earthquake as an unparalleled natural
disaster in American history.>

Overall, the 1906 earthquake is naturally associated with the city of San Francisco, since it was almost entirely destroyed and
was the worst affected area. However, as also pointed out by (Ellsworth, 1990), the intensity of the earthquake was comparable to
that felt in the city of San Francisco in many other places close to the San Andreas Fault line. ((Coffman et al., 1982), p.150) wrote
that the region of destructive intensity of the 1906 earthquake extended to 400 miles around the epicenter and was felt in most of
California and parts of Oregon and Nevada; the three states included in our sample.

3. Data and estimation strategy
3.1. Data

Our measure of earthquake intensity is based on Boatwright and Bundock (2005) ShakeMap. The ShakeMap is a smooth measure of
the so-called Modified Mercalli Intensity (MMI) of the 1906 earthquake and is deduced from damage reports compiled by Lawson and
Reid (1908) and augmented with intensities inferred from additional historical sources. This collection amounts to more than 600 sites
with information on the potential damage intensity of the earthquake. Boatwright and Bundock deploy the ShakeMap methodology
to produce a “heat map” from these sites, where the potential damage intensity ranges from none to very heavy (Wald et al., 1999).°

Every city is assigned an MMI value by overlaying the geographic coordinates (longitude and latitude) for every sampled city
in California, Oregon, and Nevada with the ShakeMap using the software QGIS. Cities in the sample that are not depicted on the
ShakeMap are assigned the value zero and, therefore, regarded as non-affected control cities. Fig. 1 displays the location of the cities
in the sample together with the potential damage intensity of the earthquake. In the empirical analysis, we standardize the potential
damage intensity to be mean zero and standard deviation of one.

For the main outcome of interest, population size, we compile a newly digitized data set containing the population histories of
cities and towns in the American West. Our source is (Moffat, 1996), who collected data on sizes of cities and towns for every decade
between 1850 and 1990. The U.S. Census population figures by minor civil divisions are the primary source for this collection. These
records contain population figures of all incorporated cities and towns. Moffat supplements these records in some instances with
information provided by state and territorial censuses.

For unincorporated communities, Moffat draws on the population figures for unincorporated census designated places with over
1,000 inhabitants (published by the U.S. Census Bureau since 1950) and the Rand McNally Commercial Atlas and Marketing Guide,
which was published annually since 1876.% It should be noted that these population figures are estimates. In the results section, we

2 The U.S. Geological Survey provides a full list of the earthquakes in the region for the period 1800-1970; see, (Coffman et al., 1982).

3 Using the potential and not the actual earthquake damage should mitigate concerns that variation in the earthquake damage variable is endoge-
nous to the size of cities.

4 Rand McNally obtained population estimates for unincorporated places by surveying municipal officials, postmasters, chamber of commerce
and planning officials.
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Fig. 1. Earthquake Intensity and Sampled Cities. Notes: This map shows the cities in the American West included in the empirical analysis. Darker
shaded areas indicate a higher earthquake intensity.

also report outcomes by city size (above and below 2,500 inhabitants in 1900) and use aggregated county-level instead of city-level
population data to show that our results are not only driven by small cities where population estimates are less reliable.

Our database contains the population size of cities covering the states of California, Oregon, and Nevada for every decade from
1870 to 1970. We include a city in the sample if it is at least observed in 1900 and 1910 (i.e., the immediate decades before and after
the earthquake occurred) implying that the maximum number of cites included in the analysis is 413 (similar results are obtained for a
balanced sample of cities). We further use county-level population and manufacturing data from (Haines, 2010) to measure the effects
on labor productivity. We geocoded the cities based on their names and obtained various geographical controls from (Fishback et al.,
2011). Distance to San Francisco, Los Angeles, or to the epicenter (N37.75, W122.55) are calculated using the “geodist” command in
STATA.

The migration analysis is based on newly digitized complete-count U.S. Census samples for the decades from 1900 to 1940.
The data are retrieved from IPUMS (Ruggles et al., 2017) and consist of a repeated cross-section of individuals that reported their
birthplace (state or country of birth) and place of residence (available at the county level). We use this information to calculate
net-migration rates for people born outside of California, Nevada, and Oregon and to measure the size of migration networks by
birthplace and county.

The complete-count U.S. Census data further contain information about individuals’ age, and their first and last names. With this
information at hand, we can construct a linked sample of adult males (aged 18-55), applying the fully automated matching approach
pioneered by Ferrie (1996) and further developed by Abramitzky et al. (2012, 2014). We use a conservative matching strategy of
this linking technique requiring individuals to be unique by name and state of birth within a five-year age band. This conservative
approach reduces the likelihood that individuals are matched to the wrong person with similar attributes by around 50 percent
(Abramitzky et al., 2019), which is crucial when studying migration decisions.

We match all men aged 18-55 in 1900 to the Census of 1910, and then restrict to individuals living in one of our three states
in 1900 or in 1910. The initial matched sample results in a match rate of about 15 percent, and a sample of over 137,000 men
after imposing the state of residence restriction. We then aggregate the data at the county level to construct in- and out-migration
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Fig. 2. First-stage Relationship between Earthquake Intensity and Distance to Epicenter. Notes: This figure (binscatter plot) displays the first-stage
relationship between earthquake intensity and the natural logarithm of the distance to the epicenter controlling for longitude and latitude in
logarithmic units.

rates between 1900 and 1910, the decade in which the earthquake occurred. Summary statistics of the main variables are shown in
Appendix Table 1.°

3.2. Empirical strategy

Our econometric model follows a differences-in-differences approach with a continuous measure of treatment using city-level
data for the decades 1870-1970. We use event-study regressions to evaluate how relative city sizes vary by standardized earthquake
intensity across locations in California, Oregon, and Nevada before and after the disaster occurred. The baseline estimation equation
takes the following form:

1970
Yo = Z p;Quake, X I + X! I+ A, + 4, + €1, o))
j=1870
where y,, is In population size in city c in period t; Quake, is the standardized potential damage intensity in city c interacted with a full
set of time-period fixed effects, Y I t’ , where 1900 is the omitted year of comparison; X/, includes controls for latitude and longitude
measured in logarithmic units interacted by time-period fixed effects, 1, denotes city fixed-effects, 4, time-period fixed effect, and ¢,
is the error term. The standard errors are Huber robust and clustered at the city level.
The parameters of interest are the ﬂj’.s, which can be interpreted as the effect of the standardized earthquake intensity on the

change in In population size from 1900 to period j. For example, negative values of ﬁ} for j > 1900 indicate that more affected cities
experienced smaller population increases relative to less affected cities after the earthquake occurred. The main identifying assumption
is that cities with different potential damage intensities would have evolved similar to non-affected cities had the earthquake not
occurred. In the next section, we provide evidence that changes in relative city sizes in the decades before the earthquake are not
systematically correlated with damage intensity, suggesting that pre-earthquake trends in observables are indeed parallel, indirectly
supporting the identifying assumption.®

One concern is that the potential damage intensity is likely to be measured with error, which would bias the parameters of
interest, ﬂj’.s, towards zero. We address this issue by instrumenting the potential damage intensity with In distance to the epicenter.
It is plausible to assume that measurement error in the potential damage intensity is unrelated to measurement error in the distance
to the epicenter. Fig. 2 presents a binscatter plot of the relationship between standardized potential damage intensity and [n distance
to the epicenter controlling for latitude and longitude. The relationship is negative and highly statistically significant and shows no
indication of instrumental weakness (the t-statistic is —28.86).

5 The replication file for this study can be found at https://doi.org/10.3886/E119841V1 (Ager et al., 2020).
6 It is important to acknowledge that the empirical setup only allows us to study if the earthquake influenced relative city sizes in the three states,
since the Stable Unit Treatment Value Assumption (SUTVA) is obviously not satisfied. A similar approach is taken in Hanlon (2017).
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4. Results
4.1. Effects on city population and manufacturing

Fig. 3 presents the event-study estimates for In city population as the outcome variable. All specifications (Panels A-F) include
fixed effects for city and time and control for In latitude and In longitude interacted by time-period fixed effects. Panel A presents
the baseline results of estimating Eq. (1) using least squares as the estimation method. This specification shows that more affected
cities experienced smaller population increases relative to less affected cities after the 1906 earthquake. While it appears that the
gap in population size widens until the 1940s, the earthquake-effect on annual population growth is not increasing over time: For
example, the estimate for 1910 implies that a unit increase in standardized damage intensity is associated with a decrease in annual
population growth of 0.085/10 ~ 0.0085 from 1900 to 1910, while the corresponding 1920 event-estimate suggests a decrease of
0.135/20 ~ 0.0065 from 1900 to 1920. Overall, the estimates imply that the effect of the earthquake on annual population growth
was decreasing over the sample period. The event-study displayed in Panel A also reveals that there was no statistically significant
relationship between earthquake intensity and changes in relative city sizes before the disaster took place.

Panel B displays our preferred specification. The potential damage intensity is now instrumented by In distance to the epicenter.
While the two-stage least squares coefficients have the same sign, they turn out to be larger (in absolute terms) for any post-earthquake
decade, which possibly reflects classical measurement error in the earthquake intensity variable. The estimated magnitude of #1949
implies that a one standard-deviation increase in earthquake intensity is associated with a decrease in relative city size by around 28
percent relative to 1900, translating into a relative decrease in annual population growth of 0.8 percentage points. Calculated over
the entire period from 1900 to 1970, the annualized effect on population growth is 0.6 percentage points. It is important to note that
this quantification is relative to less affected cities in the sample, meaning that we can only conclude that the earthquake changed
the distribution of city sizes in the American West and not the aggregate number of people living there.

The pre-earthquake event estimates are small in magnitude and not individually nor jointly statistically significant different from
zero, indirectly supporting the main identifying assumption. It is worth pointing out that our results are not sensitive to using Conley
standard errors to account for spatial correlation instead of clustering standard errors at the city level (Appendix Fig. 1 Panels A-F
present the results for different spatial cutoffs).

Panels C-F present modified specifications of the two-stage least squares approach used in Panel B. The event-study reported in
Panel C drops any city located within 50-260 miles from San Francisco and, in Panel D, we drop cities with low and intermediate
damage intensities. Reassuringly, dropping these cities do not affect our results. While including latitude and longitude in the baseline
specification (interacted with time-period fixed effects) is one attempt to ensure that cities are similar in terms of natural characteristics
and to address the issue of future correlated shocks, we now take additional steps. In particular, the specification in Panel E takes
into account that cities in the proximity of San Francisco and Los Angeles might have evolved differently over time irrespective of the
potential earthquake damage (e.g., the port of Los Angeles opened its gates in December 1907 and could have attracted population
independently of the earthquake). Even when controlling for the In distance to San Francisco and Los Angeles (both interacted by
time-period fixed effects), the relative decline in population size of more affected cities after the earthquake occurred remains in place,
albeit the precision of the estimated coefficients is somewhat lower. In light of the close proximity of the epicenter to San Francisco
(the raw correlation is —0.82), it is unsurprising that these coefficients are less precisely estimated.” The estimated coefficients reveal
a similar pattern as shown in Panel B when taking potential mean reverting effects into account. In particular, Panel F displays
this result when [n city population 1870, 1880, 1890, and 1900 (all interacted by time-period fixed effects) are added to estimating
Eq. (1).8

Appendix Fig. 2 presents further robustness checks. We include additional geographic controls (access to water, climatic conditions,
altitude, and cotton suitability) each interacted by time-period fixed effects; we control for the diffusion of new knowledge about
higher earthquake risk (i.e., a dummy if a city is located in a county on the San Andreas Fault line interacted by time-period fixed
effects); or we account for changes in the trading costs between any city in our sample and San Francisco. Importantly, none of
these additional control variables affect our main conclusion. The final specification, reported in Panel F, includes all the control
variables mentioned so far. The general conclusion from the robustness analysis is that the estimated effects remain stable when we
control for additional factors that possibly influenced city sizes during the sample period. Finally, we use county-level data from
Haines (2010) to cross-check our city level data. Reassuringly, column (1) of Appendix Table 3 shows similar effects on county
population size, indicating that the relative change in the distribution of people occurred in more affected areas as a whole.

Next, we investigate how the 1906 earthquake influenced the manufacturing sector. The estimation equation is similar to Eq. (1),
but the unit of analysis is the county level. The sample spans all counties in the states of California, Oregon and Nevada for the
decades 1880 to 1970 (no manufacturing data are available in 1910). All specifications include fixed effects for county and time
and control for In latitude and In longitude interacted by time-period fixed effects. The estimates reported in Panel A of Fig. 4 show
that the earthquake was associated with a decrease in relative productivity as measured by In wages per manufacturing worker. The
1920 event estimate suggests that a standard deviation increase in damage intensity is associated with a relative decrease in wages
per worker of around 6.7 percent, which is equal to an annualized growth rate effect of 0.4 percentage points. The corresponding
estimates for later years are of similar magnitude and the effect on annual productivity growth is thus decreasing over the sample

7 Results are very similar to the estimates reported in Panel B when only controlling for the In distance to Los Angeles instead (not reported).
8 Appendix Table 2 reports the corresponding estimates with standard errors for all event-study graphs displayed in Fig. 3.
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Fig. 3. Event-study of the effect of earthquake intensity on city population. Notes: This figure shows the dynamic effects of earthquake intensity on
city population. The solid line depicts the effect on city population relative to the base year (1900). The different panels show modifications of the
baseline estimates (Panel A). The method of estimation is least squares in Panel A and two-stage least squares in Panels B-F. Dashed lines indicate

95% confidence intervals. Standard errors are clustered at the city level.

period. Panel B of Fig. 4 shows that manufacturing activity, as proxied by thy number of manufacturing establishment per capita,
also decreased more in affected areas relative to less (or non) affected areas. Both set of results are indicative of small production

scale effects in the manufacturing sector.’

4.2. Heterogeneous effects by city characteristics

Fig. 5 reports treatment heterogeneity effects by different city characteristics.'® First, we study if cities located in the Bay Area
were affected differently by the disaster, since the Bay Area is one of the most densely populated areas in the US today.'! The
estimates, reported in Panel A, show that we still find a negative and long-lasting impact of the earthquake on affected cities in the
Bay Area, albeit the magnitude of the effect is quantitatively much smaller than for other affected places in the American West.

Next, we investigate if the effect of the shock varies by initial city size. While our sample contains many small cities, there is a
sufficient number of cities with more than 2,500 inhabitants in 1900 to estimate the effects separately for cities above this initial
population threshold (the number of cities with more (less) than 2,500 inhabitants is 53 (360)). Panel B shows the impact of the
earthquake is independent of initial city size, also indicating that the measurement of population size in smaller cities is not an issue

in our setting.'?

9 Appendix Fig. 3 displays the same results but using Conley standard errors instead.
10 Fig. 5 only reports estimates from 1890 onward. The 1870 and 1880 coefficients are estimated with great imprecision and including them distorts

the readability of the figure. The estimates are instead reported in Appendix Table 4.
11 Cities located in the counties of Alameda, Contra Costa, Marin, Napa, San Francisco, San Mateo, Santa Clara, Solano, and Sonoma are coded as

“Bay Area cities”.
12 Related research shows that a temporary positive population shock (the resettlement of German refugees after WWII) led to a persistent popu-

lation increase in small and medium sized German villages (Schumann, 2014).
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Fig. 4. Event-study of the effect of earthquake intensity on the manufacturing sector. Notes: This figure shows the dynamic effects of earthquake
intensity on manufacturing outcomes. The method of estimation is two-stage least squares using 1900 as the reference year (omitted). Both speci-
fications include fixed effects for county and time and control for In latitude and In longitude interacted by time-period fixed effects. The solid line
depicts the effect on city population relative to the base year (1900). The outcome in Panel A is In wages per manufacturing worker and in Panel B
In manufacturing establishments per capita. Dashed lines indicate 95% confidence intervals. Standard errors are clustered at the county level.

Panels C and D report heterogeneity results by access to credit and markets. Cities with banks might have recovered faster from
the earthquake as they could obtain financial resources needed for reconstruction locally. We digitized data from the Rand McNally
Banking Directory for the year 1900 to evaluate whether this was the case. The directory contains detailed information about locations
of banks in the three states included in our sample. In Panel C, we display results by cities with and without a bank in 1900. While
cities with banks were relatively less affected by the earthquake compared to cities with no banks, they still did not completely
recover by 1970. Panel D reports results by cities above and below median market access in 1890.'% Although the estimates of the
earthquake a numerically larger for cities located in counties with below median market access, these differences are not statistically

significant.
4.3. Why did the 1906 earthquake matter in the long run?

One possible explanation why we observe a long-run effect of the 1906 earthquake is related to the path-dependence of chain
migration. If the earthquake disrupted established migrant networks, which otherwise catalyzed chain migration, one would expect
such long-run effects of a temporary shock. This is a plausible mechanism in our setting, because the American West was an important
migrant destination in the United States since the late 19th century.

Our approach to answer this question starts by studying whether the earthquake affected net-migration rates of people born
outside the three sample states by breaking the persistence of existing migrant networks. The following model is based on full-count
U.S. census data in 1900 and 1910:

Amigrant,,.

Pop. 1900
where Amigrant,./Pop, 19¢0 is the change in the number of migrants from 1900 to 1910 of birthplace n living in county c scaled with
the initial county population, which is equal to the net-migration rate of birthplace n (we refer to the Online Appendix for further
details). The variable Natshare, 1999 measures the strength of the network of birthplace n in county c relative to other counties in
the three sample states (i.e., the number of individuals from birthplace n in county c is divided by the total number of people from

= PyQuake, + py Quake, X Natshare,, 1900 + Py Natshare, 1990 + X.T + 4, + £, ?2)

13 The data are retrieved from Donaldson and Hornbeck (2016), who provide information about general market access at the county level in 1890.
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Panel A: Interaction model of cities located inside/outside the Bay Area Panel B: Sample split by city size (above/below 2,500 inhabs )
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Fig. 5. Treatment Heterogeneity Effects. Notes: This figure reports treatment-heterogeneity effects by different city characteristics. The results are
based on the specification used in Fig. 3 Panel B. The method of estimation is two-stage least squares using 1900 as the reference year (omitted).
The visualization of the estimates in Panel A is different from Panels B-D, because a sample spilt was not possible due to the limited number of
observations in the Bay Area. Instead, we report the effects of an interaction model, where quake intenstiy is interacted with a dummy whehter a
city is located in the Bay Area. Panel A displays estimates for cities located inside vs. outside the Bay Area. The estimates referring to the Bay Area
(rectangle) display the joint effect of quake intensity and quake intensity interacted with a dummy == 1 if a city is located in the Bay Area. Panels
B-D report sample splits: Panel B displays cities by initial population size of cities (above vs. below 2,500 inhabitants in 1900). Panel C reports
effects by access to local banks (with and without banks in 1900) and Panel D shows results for cities above vs. below median market access in
1890. Each estimate is plotted together with a spike for the 95% confidence interval. Standard errors are clustered at the city level.

birthplace n in the sample). The vector X! includes our baseline geographical controls latitude and longitude and 4,, denotes birthplace
fixed effects. Our sample includes 100 different birthplaces (i.e., people born in other US states or from foreign countries). Standard
errors are clustered by birthplace and county.'*

Columns (1) and (2) of Table 1 report the results of estimating Eq. (2). The method of estimation is two-stage least squares.
Excluding treatment heterogeneity (i.e., f; = f, = 0), we find that the main effect is statistically significant at the one percent level,
implying that a one standard deviation increase in damage intensity is associated with 0.11 fewer migrants per 100 people (column 1).
Column (2) reports the results from the full interaction model. While we see that the main effect reduces in numerical magnitude, the
interaction term is negative and statistically significant, consistent with the hypothesis that the earthquake diminished the importance
of chain migration in the aftermath of the earthquake. The estimated coefficient on the interaction term implies that for each standard
deviation increase in the earthquake intensity, the power of chain migration is reduced by approximately one third (-0.025/0.077).
We also see evidence of chain migration being a strong agglomeration force during this period, since the estimated coefficient on the
county-specific nationality network is positive and statistically significant at the 1-percent level. Overall, the estimates in column (2)
provide strong evidence that the earthquake interrupted chain migration in the affected areas.

14 As we demonstrate in the Online Appendix, the coefficient g, quantifies the average effect of the earthquake on the net-migration rate of
birthplace n if one excludes treatment heterogeneity. The aggregated migration rate, which is useful to assess the importance of migration in
explaining the population results, is obtained by multiplying the coefficient g, with the number of birthplaces in the sample.
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Table 1
Migration analysis (Two-Stage Least Squares Estimates)

@™ ) ®3) “@
Dependent Variable
A Migration A Migration In-migration Out-migration
Rate Rate Rate Rate
Quake —0.001*** —-0.001+*** —0.113*** 0.011
(0.0002) (0.0002) (0.044) (0.012)
Nationality Share oy x Quake —0.025***
(0.005)
Nationality Share,qgq 0.077***
(0.012)
Observations 7,150 7,150 102 102
R-squared 0.036 0.048 0.155 0.070

Notes: This table shows the impact of the 1906 earthquake on migration for the period 1900-
10. The dependent variable in columns 1-2 is the change in the number of migrants from 1900
to 1910 of birthplace n living in county c scaled with the initial county population; the out-
of-state in-migration rate (column 3); and the out-migration rate (column 4). Columns 1-2
are based on complete-count Census data, while columns 3—-4 are based on a linked sample of
adult males age 18-55 in 1900. The variable of interests are Quake, the standardized potential
earthquake damage intensity in county ¢, and the interaction of Quake with Nationality Share,
the county-level network of birthplace n in 1900. The specifications in columns 1-2 also
include birthplace fixed effects. All specifications control for In longitude and In latitude. The
method of estimation is two-stage least squares. Standard errors in parentheses are clustered
at the birthplace by county level in columns (1) and (2) and at the county level in columns
(3)-(4): *** p<0.01, ** p<0.05, * p<0.1.

Appendix Table 5 includes the estimates for the remaining full-count census decades (1910-1920, 1920-1930, 1930-1940). We
pool the data, and consequently interact the baseline controls with a full set of time-period fixed effects and add birthplace-by-year
fixed effects to estimation Eq. (2). This is equivalent to running separate regressions for each decade. We find that the main effect is
negative and statistically significant at the 1-percent level up until 1920-1930 but insignificant in statistical and quantitative terms
for the final period 1930-1940 (i.e., §, displayed in column 2). The interaction effect is stronger in numerical magnitude for the
period 1900-1910 compared to any other period.

Next, we use a linked sample from 1900 to 1910, to assess if the effects for internal migrants are driven by in- and/or out-
migration rates. The advantage of using a linked sample is that we can test whether the previous results are driven by a reduced
inflow of newcomers or people moving out of the affected areas. It is important to note that this part of the analysis does not distinguish
by birthplace, but estimates the aggregate effect of the earthquake on in- and out-migration rates at the county level.'®

Columns (3)-(4) present the results for the linked sample using two-stage least squares as estimation method. The estimates reveal
that our results are driven by out-of-state in-migration only. In particular, the estimated coefficient of interest reported in column
(3) implies that a one standard deviation increase in damage intensity is associated with 11 fewer in-migrants per 100 people. The
earthquake, however, did not trigger larger migratory responses of residents already living in the affected counties (column 4).
Overall, these results confirm the disruptive effect that the earthquake had on existing migrant networks by diverting newcomers to
other, less affected, areas in the American West.1®

5. Concluding remarks

The 1906 San Francisco Earthquake fundamentally changed the distribution of economic activity in the American West over the
course of the 20th century. More affected areas experienced a persistent decline in population size and manufacturing productivity
relative to less and non-affected areas. We considered a specific mechanism of path dependence that can explain why such a temporary
shock can have a long-lasting impact: chain-migration. While existing research highlighted the persistence of immigrant inflows to

15 The out-migration rate is calculated as the share of individuals in the linked sample that moved out of their county of residence in 1900. In-
migration rate is constructed as the number of out-of-state migrants in the linked sample that moved into a sampled county between 1900-1910
scaled with the corresponding county population in 1900.

16 One challenge of linked data is the risk that match rates might differ across the treatment, in this case quake intensity. We do see that match rates
are lower in places with higher earthquake intensity (corr = —0.147). Regressing the county-level match rate (% of those living in a county in 1900
who are found living anywhere in the U.S. in 1910) on our standardized quake intensity with the controls from the regression in Table 1 (columns
3-4), we find a statistically significant coefficient of —0.011 (s.e. = 0.005). Under certain assumptions this could bias the coefficient downwards in
column (4). If those who migrate out of the county are less likely to be found, and there is more migration out of the more affected counties, we
may under-state the out-migration rate in affected relative to non-affected counties. Unfortunately, this is not possible to test given the constraints
of linked data.
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local areas due to existing migrant networks (e.g., Card, 2001; Munshi, 2003), we show that a natural disaster, such as the 1906
earthquake, can break up such migration chains and, hence, path-dependence.

How important was the 1906 earthquake compared to other known determinants of the population distribution in the American
West? Considering the long-run effects from 1900 to 1970 and using our most conservative specification (Panel F of Appendix
Fig. 2 without initial population controls), we find that a one standard deviation increase in damage intensity is associated with a
reduction in relative city size of 30 percent (see column 2 of Appendix Table 3). When comparing this magnitude to other determinants
from this specification, we find, for example, that access to the Pacific coast is associated with an increase in relative city size of
around 37 percent. Thus, the magnitude of the earthquake is almost comparable (in numerical size) to this well-known determinant
of economic activity, suggesting that the damage intensity of the 1906 earthquake played an important role for the distribution of
city sizes in the American West.!”

Supplementary material

Supplementary material associated with Ager, Eriksson, Hansen, Lgnstrup can be found, in the online version, at doi:10.1016/
j-eeh.2020.101342.
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