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Abstract

During the period 1881-1914, approximately 1.5 million Jews immigrated to the US from the
Pale of Settlement in the Russian Empire. The data generated by this event can help explain the
puzzling pattern of transatlantic mass migration: while time-series evidence shows that levels
of migration were very volatile and highly sensitive to business-cycle fluctuations, there is little
cross-sectional evidence for a systematic effect of income on migration—poorer countries did
not always send more emigrants than wealthier countries. I address this using a unique data set,
linking Ellis Island arrival records and incorporation of hometown-based associations of Russian
Jews to information on their places of origin from the 1897 Russian census and from Russian
yearbooks. Using a dynamic model of discrete choice with unobserved heterogeneity and an
underlying diffusion process, I estimate the short-run effect of income shocks on migration, and
show how the long-term effect of income levels could, in principle, be identified. I find that
the sensitivity of migration to business cycles can be largely attributed to individuals optimally
timing their migration—temporary shocks to migration were offset in the long run by delayed
migration. Finally, I provide evidence affirming the disputed diffusionist view, that the entry of
the European periphery to mass migration was delayed for decades due to the time required for
migration networks to diffuse across the continent.
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1 Introduction

Between 1881 and 1914, 1.5 million Jewish immigrants arrived to the United States from the Pale

of Settlement, the 25 western provinces of the Russian Empire in which Jewish population was

generally allowed to reside, home to the world’s largest Jewish population (about 5 millions, as of

1897). Along with the Russian Revolution, the Holocaust, and the formation of the State of Israel,

this exodus was one of a few colossal events that revolutionized world Jewry in the modern era. It

was also an exemplary case of the way mass immigration has built up America, adding up a stock

of initially empty-handed immigrants who soon rose to contribute their share in making the United

States a leader in entrepreneurship, science and arts.

The purpose of this paper is to use the case of the Jewish migration from Russia and the uniquely

rich data it produced to explain a puzzling aspect of the pattern of pre-WWI European transatlantic

mass migration: On the one hand, migration was highly pro-cyclical, with respect to American busi-

ness cycles. On the other hand, migration was not always led by cohorts coming from countries

with lower standards of living. As can be seen in Figure 1a, the concurrence of downturns in immi-

gration and of recessions in the US economy was a repeating phenomenon. The major immigration

peaks corresponded to the onset of the big recessions of 1873, 1884, 1893, and 1907, with troughs

leveled well below half their preceding peaks. As shown in Figure 1b, the year-to-year fluctuations

in US immigration were very large.1 However, poorer countries did not always produce more em-

igration. Figure 2 demonstrates how, as one would expect, a negative cross-sectional correlation

existed between real wages and emigration from European countries in the period 1890–1913, but

not during the previous two decades.2

What is puzzling is that the relatively small changes in expected lifetime income brought about

by business cycle fluctuations were associated with vast swings in migration, while much larger

differences in income across countries failed to consistently correlate with differences in the national

rates of emigration. In other words, if the income elasticity of migration appears so large in the

time-series, why did the mass migration from the poorer European periphery lag behind and took

several decades to catch up, before surpassing migration from the wealthier western European

countries?

Using evidence from the massive Jewish migration from Russia in the late nineteenth-century and

the early twentieth-century, this paper revises the debate on the European pattern of transatlantic

mass migration, and advances a dual explanation: (a) The sharp procyclicality of migration, with

respect to destination business cycles, was driven by the countercyclicality of the costs of migration,

and it reflects a sensitivity of the timing of migration rather than an actual strong long-run income

elasticity of migration. (b) The late arrival of transatlantic migration from the European periphery

1 In the period 1851–1914 the median absolute yearly logarithmic change in U.S. immigration was 0.21.
2 For a comprehensive discussion of pre-WWI patterns of transatlantic mass migration see Hatton and Williamson

(1998).
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was a result of a gradual process of spatial diffusion of migration networks across the European

continent; the demand for migration in southern and eastern Europe may have been very large

decades earlier, but it was inhibited for a long period by lack of personal links to friends and

relatives who had already migrated.

Neither parts of the explanation is new. The former is rather consensual. The issue was pointed

out by Gould (1979), and formalized in a time-series estimation model by Hatton (1995) and

Hatton and Williamson (1998). Platt Boustan (2007) and Bohlin and Eurenius (2010) applied this

model to the cases of the Jewish migration from Russia and the Swedish emigration. This paper

contributes by proposing a dynamic model that enables to capture the inter-temporal substitution

in the migration decision and the option of forward-looking agents to time their migration. This is

made possible, in part, by using previously unavailable fine resolution migration data; these help

to overcome problems of identification that prevailed in previous attempts to separately identify

the long-run effect of income and the short-run effect of business cycle shocks.

The latter part of the explanation, however, is a minority view among economists. It was mainly

advocated by social historians, in particular by Gould (1980), Baines (1995), and Moya (1998), but

lack of sufficient data or estimation methods has left the verdict on this hypothesis still pending.

Following Spitzer (2015b), who demonstrated that spatial diffusion must have played a crucial role

in the evolution of the Jewish migration from Russia, the estimation model used in this paper

explicitly incorporates an underlying process of networks diffusion that interacts with the demand

model of migration. In addition to formally testing the diffusionist theory and quantifying the role

of networks, modeling the diffusion process is crucial for correctly identifying the parameters of the

demand model, and in fact, it also helps making it computationally feasible.

This study is enabled by the creation of a data set of unprecedented span and resolution. Records

of individual arrivals of hundreds of thousands of Russian Jews to Ellis Island during the fiscal

years (FY) 1900–1914 were linked to their towns of origin in the Pale of Settlement, and matched

to data on the Jewish population in the Russian Empire from the 1897 Census. I used these to

create a high-resolution panel of cohort-district-year migration counts from more than two hundred

Russian districts. To account for the long-run evolution of migration networks prior to 1900, I used

a complementary source on the origins of the Jewish migration. I linked records of incorporation of

1,476 landsmanshaftn—Jewish hometown-based associations in New York City—to their respective

towns of origin in Russia. These were aggregated to form a district-year panel over the period 1861–

1920, standing as rough measures proxying for the local exposure to migration. I complemented

standard time-series of American real wages and Russian income per capita with a new province-

year level panel of exogenous shocks to agricultural output in the Russian Empire over the period

1888–1913, constructed from tabulations of yields of primary crops in yearbooks published by

Imperial Russia’s ministry of interior. This panel is meant to help identify the effect of temporary

income shocks at the economy of origin.

In the “canonical model of migration”, as presented by Borjas (2014, p. 5 and Ch. 1), migration
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is a static decision: “a person migrates whenever the gains from migration [...] exceed the cost”.

To capture the dynamics of mass migration, I propose an adaptation to this model in which a

person migrates whenever expected utility from migration exceeds the value of staying, which

in turn includes the option value of future migration.3 In this model, individuals living in the

country of origin face an optimal stopping time problem, as in Rust (1987). Each period they

observe the state of the economies in the country of origin and the country of destination, and form

expectations about their future paths. They maximize expected lifetime utility by deciding whether

they should migrate, or stay and face a similar dilemma in the next period. During recessions in

the country of destination, migration is more (broadly-defined) costly and the standards of living

of immigrants is reduced. Migrants expect recessions to be short lived and may choose to postpone

their migration, knowing that the option to migrate is kept and could be exercised in the near

future as the recession subsides. Prospective migrants are heterogenous, distributed along a range

of types over the stayers-movers scale, where “movers” expect to receive relatively more flow utility

in the country of destination. This heterogeneity is unboserved from the point of view of the

econometrician. Each district is characterized by a different mean of this distribution, such that

districts with higher means have a potential to produce greater rates of migration. An extension

to the benchmark model allows an individual’s type to fluctuate stochastically over time; this

within-individual time variation is potentially important as it may affect the degree of persistence

of temporary shocks.

The dynamics are illustrated in the diagrams in Figure 3. During a recession in the country of

destination, the rate of migration declines due to the temporarily higher costs. But as the recession

subsides, those who would have migrated absent the recession are still very likely to migrate. Some

of them do so over the course of the coming years, thus increasing the number of migrants compared

to a no-recession scenario, and offsetting the short-term effect of the income shock. A positive shock

to past migration affects current migration through a level effect, in reducing the number of current

prospective migrants, and through a composition effect, by removing a disproportionate number

of “movers” and shifting current distribution towards more “stayers”. Both the level and the

composition effects make a positive shock to past migration reduce the current number of migrants.

For a given shock to past migration, the more unequal the types distribution is, the stronger is the

composition effect, and the greater is the effect on current migration probabilities. Therefore, the

distribution of unobserved types is a key determinant of the dynamics of aggregate migration, and

it ought to be estimated in order to evaluate the effects of income on migration.

The diffusion of networks is modeled as a process in which options for migration are stochastically

disseminated to individuals. At any given period, a prospective migrant is either linked or unlinked.

3 This is different from the canonical model in the sense that expected gains from migration may ex-
ceed costs, in a given period, yet the a prospective migrant may benefit from staying, knowing that
he may exercise the option to migrate in the future. In particular, this could happen when the
costs of migration are temporarily higher. A handful of recent papers estimated migration dynamically,
with somewhat different stresses and purposes (mainly for multiple destinations within a country); see
Gemici2011Kennan2011Bayer2012Bishop2012Lessem2013.
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If unlinked, he cannot migrate; when linked, the dynamic migration problem described above

applies. Linkage is irreversible. The probability to become linked at a given period is a function of

recent migration from the individual’s district and from his province, as proxied by the incorporation

of immigrants associations. Thus, the network effects are modeled as past migration increasing the

linkage probabilities of geographically related prospective migrants, rather than increasing the

payoff from migration. Pioneers are allowed, in the sense that linkage may occur even when there

was no past migration. Throughout the migration movement, districts are advancing from being

unexposed, with few linked individuals, to being saturated—a state in which almost all residents

are already linked, and more migration no longer increases linkage rates.

The estimation follows a Maximum Likelihood procedure. An instance in the data is a cohort-

district vector of yearly counts of migrants. The likelihood of observing an instance, given the

realizations of business cycle fluctuations, is calculated while integrating over the unobserved dis-

tribution of types and of linkages. Since the cohorts in each district had been exposed to migration

prior to the period for which direct migration data is observed (FY 1900–1914), the initial distri-

butions of types, as of the first observed period, are changed by past migration. The estimation

controls for this initial conditions problem by correcting the distributions of types according to the

migration probabilities in years prior to the period in which migration counts are available. The

cohort-district likelihoods are thus calculated as a function of the district mean-type. Aggregat-

ing at the district level, the district mean-types are either integrated out as random-effects with

a known distribution, or directly estimated as district fixed-effects without distributional assump-

tions. In the extension in which individuals’ types can fluctuate around an individual-specific mean,

the unobserved heterogeneity is compounded by a serially-correlated stochastic state variable.4 To

overcome the challenge of tractability in integrating over the very large number of possible paths

of this unobserved variable, the estimation uses a Simulated Maximum Likelihood approach, by

which probabilities are computed for a random sample of possible paths.

The problem of separately identifying the long-run effects of income is not completely solved due

to lack of direct panel or cross-section data on income at the district level. I show how, given

such data, these effects would be identified.5 The currently available data do, however, enable

to perform short-run analysis and simulate effects of transitory income shocks on migration. In

simulations based on the benchmark estimation model, when the cohort aged 20 experiences a

transitory negative income shock that is allowed to persist with gradual decay, on average its rate

of migration decreases during the current year and during the next three years compared to a

no-shock scenario. However, almost half of the would-be-migrants whose migration was avoided

during the first four years would have migrated in one of the years until age 30. When simulating

4 The problem of estimating a dynamic model with serially-correlated unobserved random variable was previously
explored by Keane and Sauer (2009) and Gallant, Hong, and Khwaja (2010).

5 This means that I am currently unable to answer questions such as how would the rate of migration change had
Russian income been permanently 10 percent greater than it actually was. See details in Sections 4.2.4 and 6.
I am currently undertaking a data collection project that will result in a cross-section of town-level real-wages.
Future versions of this paper will employ these data to estimate the long-run effects of income.
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income shock with a “reset” (i.e., the business cycles proceeds in the second year as if income was

on trend in the first year, such that the initial shock to migration probabilities extends through

a single period only), more than 70 percent of the first year shock is offset by delayed migration

by age 30. The conclusion is that transitory income shocks mostly affect the timing of migration,

but have a much smaller effect on the likelihood of any given individual ever migrating during his

lifetime.

I find the diffusion process to be a very strong predictor of the rates of migration. The estimates

predict the probability of an unlinked individual to become linked at each year, and thus the total

rate of linkage of the district’s base population. By the period of observed migration (FY 1900–

1914), all districts had already been exposed to migration to some degree. Most were already

estimated to have been saturated by FY 1900, while a minority were in the process of becoming

saturated, some of them starting with under 50 percent linkage in FY 1900. By FY 1914, the

diffusion of migration networks had been completed and saturation was almost global. Thus, the

period of observed migration provides a view onto to the final stages of the diffusion process. I

show that the identification of the parameters of this process is based on the correlation between

the networks buildup (as measured by the associations data) and the rate in which the rates of

migration accelerated during the observed period. Lower rates of prior exposure and higher rates

of new linkage formation are associated with faster increase in the rates of migration during the

period of observed migration. This is a convergence process predicted by the diffusion model:

districts that start the period with low linkage rates are becoming linked, and catch up with their

migration potential; saturated districts are not increasing their rates of migration. To the best of

my knowledge, this is the first time that migration network saturation is shown to have existed, and

taking this phenomenon into account is crucial in predicting future rates of migration or counter-

factual migration scenarios.

By extrapolating backwards, to the period on which the data on associations exist but there are

no direct measures of migration (1861–1899), the estimation enables to predict and outline the

diffusion process from its very beginning. It shows that the linkage process was gradual and

advanced spatially. Prior to the 1880s, only a handful of districts had been linked. Most were

first exposed and became linked during the next two decades. This implies that the potential

for full fledged mass migration was for a long period inhibited by the slow arrival of migration

networks.

What can we learn from the case of the Jewish migration from the Pale of Settlement on the general

questions of the Age of Mass Migration and the economics of migration in general? While peculiar

in many ways, I argue that the Jewish population of the Pale of Settlement makes a useful case study

for mass migration. Its rates of migration were among the highest in Europe for several decades.

This population was among the largest ethnic or national groups that had experienced high rates

of US-bound migration. Unlike the case for some other ethnicities, such as the Italians, the U.S.

stood prominently above other destinations and clearly received the lion’s share. This conveniently

6



enables to avoid complexities and model the process as a simple yet realistic one-to-one migration

problem.

Jews resided in relatively uniform distribution across more than 230 districts in the Pale of Set-

tlement, a wide and economically diverse area of over 1.2 million square kilometer (as large as the

combined area of the German and the Habsburg Empires, and certainly greater than any other

European country), that was nevertheless governed by similar rules and institutions and the by the

same rulers. Russian statistical sources offer ample data on these districts and on their Jewish res-

idents. Additionally, very few Jews lived in non-urban localities, almost all of them lived in towns

inside the Pale. This facilitated the identification of their precise last place residence, compared to

agricultural populations that came from myriads of hard-to-identify villages. Jews also stood out

with the lowest rates of return migration. This eliminates the problem of confounding temporary

migration, which was likely much more sensitive to business cycles fluctuations, with permanent

migration, the phenomenon of interest.6

The paper proceeds as follows: Section 2 covers the historical and theoretical background, Section 3

describes the data, Section 4 explains the model and Section 5 the estimation procedure. The results

are reported in section 6, and the final section concludes.

2 Background

2.1 The Economics of World Mass Migration

2.1.1 The Pre-WWI Transatlantic Migration

From Waterloo to Sarajevo, European migration to the New World had increased from a trickle to

a tide, reaching unparalleled dimensions until it was abruptly brought to a halt by the outbreak of

World War I and by subsequent mounting legal restrictions. The United States was the primary

destination. From yearly rates of 40–80 thousand immigrants in the 1830s, the trend of US-bound

immigration rose up, reaching hundreds of thousands during the second half of the nineteenth

century, and almost a million a year between 1901 and 1914.7 This flow amounted to one of the

greatest and most consequential events of cross-continental human movement. This movement is

typically attributed to a significant reduction in transportation costs through the first and second

third of the nineteenth century, which made migration more affordable compared to the benefits

in terms of expected lifetime gains in income. Migration was also facilitated by improved means of

communication, such as the telegraph, which reduced the uncertainties of the move. Other than

6 In principle, an extension to this model could incorporate the option to return-migrate, although it would be
hard to explain within such model why conditional on having migrated, some groups, such as the Italians, tended
to return whereas Jews did not. The model also does not capture the household problem, ignoring the question
why Jews migrated en famille.

7 For the yearly figures see Ferenczi and Willcox (1929, Table IV).
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that, while some of the migrants may have been driven out by political and social upheavals or

oppression, the dominant view is that the overwhelming majority of migrants moved to opportunity,

being attracted by the prospects of higher real wages in the New World and escaping European

poverty, demographic pressures, negative effects of industrialization, and in some cases famine

(Hatton and Williamson 1998, p. 12).

An important factor that enabled pre-WWI period to become a stage to a largely economic mi-

gration was that the movement of people was for the most part unobstructed. Few major wars

took place throughout it and the restrictions on entrance to the United States were as lax as they

could be. With few exceptions, able-bodied European who were capable of undertaking the voyage

could become immigrants, and so could their dependents. Arguably more than in any time since,

movements of people reflected the economic incentives of the migration decision problem rather

than legal barriers. Additionally, since much of the migration taking place at this period was

well documented, it remains the primary event which can inform researches on the way economic

conditions affect migration.8

2.1.2 Income and Migration

In addition to the general rising trend in its levels up until World War I, two major features of

the transatlantic mass migration were noticed: (a) Within countries, over time, it was always

very volatile, and apparently very sensitive to temporal changes in income levels; and (b) while

there were great geographic variations in rates of emigration within time, across different sending

countries, this variation did not always seem to correlate clearly with the variation in levels of

income across these countries.

Early quantitative studies picked up on the strong volatility of migration, and by examining data

within different countries were mainly occupied with the push vs. pull question, of which economic

conditions mattered more—those in the country of origin or in the country of destination. Among

them were Jerome (1926), Dorothy Thomas (1941), and Brinley Thomas (1954). As economic

historians begun to study the issue using econometric methods, many of them followed the early

studies by preforming time-series estimations over various countries and specifications. They typi-

cally found that short term changes in income or unemployment caused very large changes in the

levels of migration.9

8 Events that followed after 1914 imposed a drastic change in this regard. The interruptions caused by World
War I brought the transatlantic migration to an almost complete cessation, while the immigration act of 1924
terminated the liberal admission policy and drastically limited the immigration from the south and the east of
Europe (on the political economy of the immigration debate see (Goldin 1994)). After a second long interruption
during the Great Depression and World War II, the levels of flows of world mass migration gradually gained
back their former absolute (although not relative) magnitude through the second half of the twentieth century.
But it took place under heavy restrictions posed by state policies, discouraging many would-be emigrants and
forcing many others to go under the radar and move illegally and undocumented (Hatton and Williamson 2008,
parts II and III).

9 For surveys see Gould (1979) and Hatton (2010).
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As opposed to the evidence of high income elasticity of migration from the time-series analyses, the

cross-sectional and panel-data evidence is weak at best. Figure 2 shows how total emigration rates

correlated with levels of real wages in several European home countries over the four and a half

pre-WWI decades. At the end of the period, the relation was more or less as one would expect:

poorer countries, such as Italy, Spain and Portugal, were sending more emigrants than wealthier

countries in northwest Europe. There is a limit to the power of cross-country based inference, and

so “To know more about European migration we must disaggregate” by going down to the regional

level.10 However, evidence from within-country comparisons, while often showing the expected

negative correlation between measures of standards of living and emigration, suggest that there

were large degrees of variations even between similar regions, and that economic conditions do

little to explain much of them. This point was made by Gould (1980), who speculated that over

time there were within-country convergences in the rates of migration, and by Baines (1994, 1995),

who argued that often it does not happen. Micro-level studies by Simone Wegge (such as Wegge

(1998)), showed that even across adjacent German villages there were great differences in the scale

and character of emigration.

2.2 Short- vs. Long-Run Effects of Income

2.2.1 A Problem of Identification

Most attempts to estimate the determinants of migration used OLS regressions of levels of migration

on levels of income in the country of origin and the country of destination. In within-country time

series regressions, the effects of income appeared very strong. But when business cycle variables,

such as rates of unemployment or the deviation of income from a long-run trend, were added to

the regressions, it turned out that they were solely responsible for the correlation between income

and migration. The problem of separately identifying the effects of income levels from the effects of

short-run income fluctuations was already noted by Gould (1979). In what follows I show formally

the identification problem in the time-series estimation.

Let w0
t and w1

t be the log of real income levels in period t in the countries of origin and destination,

respectively. Let d0t and d1t be the deviations of log real income from a linear trend at period t,

representing the states of the business cycles. Finally, the rate of migration at period t (in log

per capita terms, for example), will be denoted by mt. The time series OLS estimation has the

following specification:

mt = α+ β∆wt + δ0d
0
t + δ1d

1
t + γzt + εt (1)

where ∆wt = w1
t − w0

t is the real wage gap and zt is a vector of control variables representing

characteristics such as stock and lagged migration, demographic variables, etc. Since the business

10 Baines (1995, p. 25).
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cycle variables are defined as the deviations from long run income trends, typically linear trends,

the real income gap variable could be written as

∆wt = w1
t − w0

t =
(
w̃1
t + d1t

)
−
(
w̃0
t + d0t

)
= ∆ρa + ∆ρbt+ d1t + d0t (2)

where w̃1
t and w̃0

t are the income trends, and ∆ρa and ∆ρb are the differences in the intercepts and

the time coefficients of the linear time trends.11 Not surprisingly, this representation shows that

the level of real income difference is nothing but a linear combination of time and of business cycle

shocks. Effectively, when both the difference in real income levels and the business cycle variables

are included in the equation, it becomes econometrically equivalent to running a regression on the

business cycle variables and on time.12

The only source of identification for the effects of the levels of income on migration thus stems from

the advance of time. Keeping the business cycle variables fixed, there is no additional information

in the levels of real income other than what is predicted by the time trend. This is a poor source

of identification and it can lead to somewhat perverse results. For example, if there is convergence

of income levels over time while the rates of migration are growing (as was the case in Russia, that

was way behind American income at that time but with a marginally faster growth, as well as in

Italy (Moretti 1999)), controlling for business cycles, the effect of real income difference is likely to

be estimated negative. This problem of identification was driving the phenomenon pointed out by

Gould (1979) and it is endemic to all time-series specification.

Hatton (1995) proposed a time-series estimation model that was designed to solve the problem

of separately identifying income effect β.13 In this model, recent immigrants face the risk of

unemployment, and this risk is greater in times of recession. Thus, recessions reduce expected utility

payoffs from migration due to both lowering the expected level of income in the very near future,

as well by increasing short-term income variation due to the greater risk of unemployment. Based

on this interpretation, the model made a strong calibration assumption that effectively enabled to

write down the destination business cycle coefficient δ1 in terms of the income coefficient β, and

thus to use business cycles fluctuations as an additional source of variation to identify β.14 In this

paper I propose a method for separately identifying the short-term from the long-run effects of

income, that does not rely on an arbitrary calibration assumption.

11 That is, wlt = ρla + ρlbt for l ∈ {0, 1}, ∆ρa = ρ1a − ρ0a and ∆ρb = ρ1b − ρ0b .
12 This does not get better when separating the difference in income levels and regressing on the two respective

income levels; the four variables of income levels and business cycles are a linear combination of one another,
resulting in a perfect multi-colinearity in the regression.

13 This model was used in a time series estimation of UK emigration, and in Hatton and Williamson (1998, Ch.
4) it was also applied to the case of Scandinavian emigration. Platt Boustan (2007) and Bohlin and Eurenius
(2010) used it in studying the Jewish migration from Russia and the Swedish emigration.

14 The model in Hatton (1995) had a more elaborate specification than in Equation 2. However, the simplistic
representation from above, of how the identification problem was solved through a calibration assumptions that
defined the relation between δ1 and β, still follows. More details on the challenge of separately identifying the
short-term from the long-run effects of income are discussed in Section 4.2.4.
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Moreover, another dimension through which the identification of the long-run income elasticity

could be improved, conditional on correctly separating the short-term from the long-run effects of

income, is through using within- or across-country panel data variation. Such data, however, rarely

exist on a large number of geographic units. On the pre-WWI migration, Hatton and Williamson

(1998) used decade data on 32 Irish counties and 69 Italian provinces, and Sánchez-Alonso (2000)

used data on 49 Spanish provinces in two points in time. The most advanced work on a yearly panel

is Bohlin and Eurenius (2010), that employed data on emigration from 20 districts in Sweden. On

the late 20th century migration, a few studies employed panel data of country-to-country migration.

Among them Karemera, Oguledo, and Davis (2000) (from 70 countries to North America), Clark,

Hatton, and Williamson (2007) (81 countries to the United States), and Pedersen, Pytlikova, and

Smith (2008) and Mayda (2009) (OECD data on legal migration from 129 and 79 countries to

22 and 14 OECD countries). To the best of my knowledge, the panel data used in the current

paper is the widest yet, documenting migration from over 200 geographic units within a single

country.

2.2.2 Business Cycles and Timing

Do the effects of short-term income fluctuations matter? That is, how likely are migrants who forgo

migration because of a recessionary shock to merely postpone their migration to the near future,

and how many of them will remain for good in the country of origin? The core of this question is

exemplified by Figure 3. The upper diagram shows a schematic progression of the levels of migration

absent a recessionary shock. The lower diagram adds in a recession occurring around period t, that

temporarily drives down migration significantly. The area plotted with white dots represents the

mass of immigrants that avoided migration due to the recession. The recession ends around period

t+ 1, and this mass of would-be immigrants is still present among the pool of prospective migrants

in the country of origin. In fact, since they were very recently apt to migration, they are very likely

to still be more apt to it in periods t + 1 and later, compared to an average individual in their

demographic group. Hence, they may choose to migrate in one of the years following the recession,

resulting in a somewhat larger rate of migration in those periods, as represented by the area plotted

with black dots.15 If delayed migration indeed offsets a large proportion of the temporary decline

in migration, then the conclusion is that short-term income fluctuations merely affect the timing,

and not the overall magnitude of migration flows. If true, this would help rationalize the arguably

inexplicably large short-term income elasticity of migration.

It was speculated that some mechanism of this sort did exist,16 but no empirical test of the magni-

tude of delayed migration has yet been attempted. The model in this paper is designed to enable

such estimation. To do that, two features of mass migration ought to be incorporated explicitly.

15 The symmetric case of temporary increase in migration during a period of rapid economic growth in the country
of destination, that is followed by a return to lower levels of migration relative to a scenario of ordinary growth,
is equally covered by the model.

16 See Baines (1995, p. 15); Hatton (2010, p. 945).
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First, the estimation must be dynamic, in the sense that it should enable past states to affect current

migration probabilities. Second, the model should explicitly takes into account the heterogeneity

within the population with respect to migration probabilities. As explained above, past events

affect current migration by a level effect—a total decline in the population at risk of migration—as

well as by a composition effect, which is that the cohorts of “movers” are affected to a greater

extent. The latter is stronger when the variation in migration probabilities across individuals is

larger.

To see this, consider a simple example. Two separate populations, a and b, each have a continuum

of individuals of size 1 that are at risk of migration during two periods, 1 and 2. At any given period,

the destination economy can be in one of two states: recession or growth. During recession, the

probability to migrate of all prospective migrants is zero. Population a is homogeneous, meaning

that each individual has equal probability to migrate at each period in which there is growth

(conditional on not having migrated before). Population b is heterogeneous. In particular, one-

half are “stayers”, whose probability to migrate is always zero, even when there is no recession;

the other half are “movers”, whose probability to migrate during a period of growth is positive.

Let pa ≤ 1
2 be the non-recession probability to migrate of individuals in population a, and pb the

migration probability of the movers in population b. Assume that pb = 2pa. Consider first the

scenario in which there is recession in period 1, and growth in period 2: the number of migrants of

both populations is zero in period 1 and pa in period 2. Now, compare this to a scenario in which

the destination economy is growing in both periods. The number of migrants in each population in

period 1 will be pa. However, in the second period, the two populations will produce different rates

of migration. Population a will have (1 − pa)pa emigrants, whereas population b will only have

(1− 2pa)pa. That is, the positive shock to migration in period 1 reduced subsequent migration in

period 2, and this effect was stronger for the more heterogeneous population.

The reason why the rate of migration of the heterogeneous population in period 2 is more sensitive

to economic conditions in period 1 is that population attrition due to migration in the heterogeneous

population in period 1 was concentrated among a small group of movers, such that the decimation

of cohorts of actual candidates for migration was deeper. Furthermore, it follows that among

more heterogeneous populations, a given temporary shock to the number of migrants will be more

thoroughly offset in the future. At the extreme case in which pa = 1
2 , if there was growth in period

1 then all of the movers in population b would have moved during this period, and it will produce

zero migration in period 2. In such case, the total rate of migration of population b in both periods

put together would be the same, and the only effect of the recession in period 1 would be to time

the migration of this group to the second period instead of the first. Thus, in order to estimate the

persistence of short-term economic shocks to the overall rate of migration, it is crucial to explicitly

account for this possible unobserved heterogeneity in the population.
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2.2.3 The Role of Migration Networks

There is a consensus in the literature that migration typically takes place in chains, with current

immigrants having social links to prior migrants.17 The reasons for this are fairly clear: migration is

a costly endeavor that involves great uncertainties, information problems, and the need to overcome

liquidity constraints. All of these problems are easily solved through support from former migrants.

What is less clear is whether the fact that a given region is not yet connected to existing migration

networks, meaning that it had not been exposed to emigration yet, could become a long-term

impediment to mass migration. This question is important for understanding the evolution of

the geographic sources of the European transatlantic migration, and in particular, the relatively

late development of mass migration from the European periphery. One can distinguish two lines of

explanation in the literature, to which I shall refer as the diffusionist and the internalist views.

This diffusionist view was advocated mainly by quantitative social historians, and it goes back

at least to Zelinsky (1971). It was put in detail by Gould (1980) who argued, based on multiple

suggestive cases and by ruling out a number of alternative explanations, that the only way to

explain why east- and south-European countries entered the scene of transatlantic mass migration

only around the turn of the twentieth century and not decades earlier, is by attributing it to the

slow progression of networks across space. The main symptoms of the diffusion process were later

arrival of the “emigration fever” to farther regions, a gradual within-country convergence from

early unequal spatial distribution of emigration (with few regions responsible for a large share of

migrants) towards a more egalitarian spatial distribution, and an eventual state of saturation, in

which the networks are fully diffused and emigration stagnates or declines. The “fever” metaphor,

widely used in the literature on migration, is telling: the European periphery was like a body

with a suppressed immune system—it was highly susceptible for emigration, but direct exposure to

individuals who had already contracted it was a necessary condition for a local outbreak. Without

this exposure, mass migration was averted for years and decades. Hence the epidemic-like spatial

pattern of expansion. This view was resonated by Baines (1995), as well as by Moya (1998), who

showed that the Spanish sources of Argentina-bound migration “spread over the map much like

an ink blot on paper” (p. 113). Moya attributed this pattern mainly to a geographic diffusion of

“information, concepts, and behaviors” (p. 96). In Spitzer (2015b) I find strong evidence that the

evolution of the Jewish migration from the Pale of Settlement was driven primarily by such spatial

diffusion process.

The internalist view is arguably the mainstream conception among economic historians, as summa-

rized by Hatton and Williamson (1998). According to this view, while the time it took for migration

networks to grow was a factor that delayed full fledged emigration from the European periphery in

the short-run, over the long-run, what really determined the time in which the process had began

in each country were local economic and demographic conditions. These were mainly the advent

17 On pre-WWI migration see, for example, evidence by Wegge (1998), Moretti (1999), and Moya (1998, Ch. 3).
On contemporary migration, see Mckenzie and Rapoport (2007) and Munshi (2003).
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of industrialization, urbanization, and following Easterlin (1961) also rising population pressures

caused by the demographic transition. These were required to produce some necessary conditions

for mass migration, such as ability to overcome the liquidity constraint in financing migration, or

a dislocation of formerly-agricultural population. The poorer peripheral European countries took

longer because these economic and demographic developments that would have ripen the popula-

tion for migration arrived later. Overall, the rates of migration and the timing of the onset of mass

migration should be explained within an economic push-pull framework. Lack of prior exposure to

migration networks would be solved within a short period of time by movements of pioneers who

jump-start chain migration.

Some proponents of the two views seemed to have discounted the explanatory power of the other.

On the one hand, for example, Moya (1998, p. 101) argued that “the consistent pattern of diffusion

undermines, perhaps demolishes, the push-pull interpretation of migration”. On the other hand,

Hatton and Williamson (1998, p, 15) dismissed the diffusionist view because “[...] it offers few

empirical predictions and says nothing about why emigration rates eventually decline.” (p. 15). I

argue, instead, that a unified theory that would integrate the economic push-pull framework within

a diffusionist model may provide a harmonic explanation to the main features of the European

pattern of transatlantic mass migration. In this paper I set out to build such unified theory that

could be estimated and tested, and to apply it to the data.

2.3 The Jewish Migration from the Pale of Settlement

At the turn of the century, the Russian Empire was home to some 5.3 million Jews, approximately

half of world Jewry. Almost all of them, 94 percent, were residing in a restricted territory known

as the Pale of Settlement, comprising the twenty-five western provinces of the Russian Empire. For

details on the Jewish population in the Pale of Settlement and on the particular features of the

case of the Jewish migration I refer the reader to Spitzer (2015a,b). Below I briefly review the main

facts and findings that are important for the current paper.

The beginning of the mass Jewish migration from the Pale to the US is traditionally dated to 1881,

although recent studies suggested that there was a significant trickle during the 1870s (Kuznets

1975; Diner 1995; Alroey 2008; Spitzer 2015b). It reached its highest levels in FY 1906 with over 125

thousand immigrants. It was interrupted by the WWI and the upheavals of the Russian Revolution

and the Russian Civil War; it then resumed for a few years before finally being terminated by the

restrictive 1924 US Immigration Act. While traditional accounts viewed this migration as a flight of

refugees escaping persecution and violence, in recent studies, following Kuznets (1975), historians

came to regard this as largely an economically driven movement, not unlike the mass migrations

from other countries of the European periphery. A study by Platt Boustan (2007) showed that,

indeed, the time pattern of the Jewish migration was little affected by the timing of persecution,

and closely correlated with US business cycles, as well as with migration from other European
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countries. Overall, approximately 2 million Jews left Russia during this period, and roughly 80

percent of them arrived to the US. This was one of the significant cases of the Age of Mass Migration,

in which one-third of the base population migrated overseas within a single generation. In Spitzer

(2015b) I show that the Jewish migration evolved in a pattern of spatial diffusion, starting from

the northwestern provinces that bordered the German Empire in the 1870s. Over the course of

two decades emigration filtered toward the east and the south of the Pale, and by the 1900s it was

prevalent in all provinces.

3 Data

I construct a new and unique panel data measuring the number of Jewish immigrants from the

Russian Empire over the period 1899-1914, with background characteristics pertaining to their

places of origin. I aggregate the data across three dimensions to create measures of migration for

each year, district, and cohort, over 15 years, 210 districts and 49 cohorts. The various sources I

use to construct the data and the way they were used are briefly described below.

3.1 Ellis Island Arrival Records

Since the 1819 Manifest of Immigration Act, every ship entering a United States port was required

to submit manifests with lists of all passengers aboard the vessel. At the beginning, only the basic

details, such as name, sex, age, and occupation, were required. Over time, the lists expanded

to include more details, among them the nationality of each passenger, based on the country of

origin. Since 1899 it became customary, and since 1903 it was required, to report the ethnicity

and the last place of residence as well (Weil 2000; Perlmann 2001). In 1892, Ellis Island had

began operation, replacing the older Castle Garden station to become the nation’s largest facility

for processing arriving immigrants. The overwhelming majority of Russian Jewish immigrants

entered the US through Ellis Island (Kuznets 1975). The immigration data I use are based on ship

manifests submitted by shipping companies to the Bureau of Immigration in Ellis Island, in which

the personal details of all passengers arriving in the facility were recorded. While passenger ships

manifests have long been used as a source in the study of immigration,18 the complete collection

of records was only recently coded onto a machine readable file by the Church of Jesus Christ of

Latter-Day Saints. The available data on all East-European immigrants in the years 1892-1924,

more than 5.7 million individual records of migration, were given to me for research purpose by

the Statue of Liberty—Ellis Island Foundation.19 Among them, there are 2.33 million individual

records of passengers coming from the Russian Empire.

18 See, for example, articles in Glazier and De Rosa (1986) and Ferrie (1999). On the case of the Jewish migration,
Perlmann (2006) used two samples of the original manifests to study the geographic origins of Russian Jewish
immigrants.

19 Another study, and to the best of my knowledge the only one, that has made use of the coded Ellis Island data
is Bandiera, Rasul, and Viarengo (2013).
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The first challenge pertaining to this data is to identify which of the passengers were Jewish. The

problem is that even as the identification of Jews as a distinct ethnic group was required, too many

Jews had gone unrecorded as such.20 Fortunately, I find that poor identification was rare, ship

manifests either identified Jews, in which case they did it very well in almost all cases, or they did

not identify Jews at all. The manifests that did identify Jews provide an Archimedean point to

identify Jews systematically. I developed a simple algorithm that predicts whether each passenger

was Jewish or not based on his or her first and last names. As a first stage, it uses the manifests

that identified Jews to assign a measure of Jewishness to each first name and last name, as well

as to their Soundex groups. At the second stage, it predicts whether each passenger is likely to be

Jewish based on his or her first and last name. This algorithm yields very few false positives (i.e.,

cases in which a non-Jew is mistakenly identified as a Jew), while tagging most Jews as Jews.

The second challenge is to determine the last place of residence reported by each passenger and

link it to an actual town in the Pale of Settlement. This identification faces daunting difficulties:

the towns typically had Slavic names; they were reported by Yiddish-speaking passengers; hand-

written by a German, British, or Dutch clerk on behalf of the steamship company; and finally a

century later, deciphered and coded onto a file by a volunteer who in most cases did not know the

geography of the Pale.

The strategy to address this problem is to tailor-fit a text condition for each and every town, that

will match passengers based on the text of the last place of residence field, while taking into account

the following difficulties: (a) phonetic variations and errors (e.g., Kishineff, instead of Kishinev);

(b) graphic errors (e.g., H replaced for K, as in Hishinev); (c) different towns with similar names

(e.g., Brichany and Brzeziny); and (d) towns with multiple names or various pronunciation of

the same name (e.g., Warschau [German], Varshava/Warszawa [Russian and Polish], Varsovie

[French], and Varshe [Yiddish]).

The procedure has identified immigrants coming from the 425 largest Jewish communities, covering

more than 3 million Jewish residents as of 1897. The effective coverage is surely higher than that,

since many Jews coming from small townlets tended to report the nearby district town. Of the

2.33 million Russian immigrants in the file, 1.9 million reported a potentially informative last place

of residence; 779,286 of which I positively identify as Jews; 602,144 of which arrived during the

fiscal years 1900–1914; and to 295,626 of them I was able to link a particular town in the Pale of

Settlement. The town-based identified migrations are aggregated at the district level, by years of

birth, and by year of migration, to form the cohort-district-yearly measures of migration used in

the econometric analysis.

20 I estimate that as many as one-quarter of the Jews in the file are not tagged as Jews. This is partly due to
unsystematic transcription of this field from the manifests, and in earlier years mainly due to partial recording
of ethnicity on the manifests.
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3.2 The 1897 Russian Census

The 1897 Russian Census was the only general census conducted prior to the Russian Revolution,

and is renowned for its relatively high quality (Clem 1986; Bauer, Kappeler, and Roth 1991).

While summary tables and individual figures were often cited from it, there remains a vast wealth

of thousands of detailed tabulations, mostly at the local district level, that have not been coded or

utilized in economic studies as of yet. Since many of the fields were cross-tabulated by ethnicities

or religions, the data provided by the census are among the best available on any Jewish population

prior to the formation of the state of Israel in 1948, capturing as much as half of world Jewry at

that time.

First, a special volume within the census publications enables to map more than 85 percent of the

Jewish population up to the level of the locality (Tsentral’nyi Statisticheskii Komitet 1905). It lists

each and every locality in the Russian Empire in which there were more than 500 inhabitants, and

for each recorded locality it lists the populations of the religious minorities that comprised more

than 10 percent of the total population. Since Jews typically lived in small provincial market towns,

known as shtetl, in which they formed a majority of the population,21 this volume enables an almost

complete mapping of the Jewish population in the Pale down to the level of the locality. The shtetls

data set was generated from this volume by coding each and every town in European Russia in

which a Jewish community was listed. A graphic representation of these data could be seen in the

map in Figure 5. It is used to identify the towns that were to be linked to the Ellis Island arrival

records, and it also links each town to its pertaining district, enabling the district-level aggregation

of the immigration data.

The census publications contain a series of guberniia- (province) level volumes, one for each of the

empire’s provinces. For each of the 60 provinces of European Russia and the Kingdom of Poland,

which include the 25 provinces of the Pale, I coded cross tabulations of ethnicities, age groups,

literacy rates, and occupations. I use the tabulations of age groups for the Jewish population in

each district to interpolate the size of each cohort in each district as of 1897.22 I use occupational

data, enumerating the number of Jews employed in each trade of a list of 65 different occupational

categories, to calculate a district-level measure of the ratio of Jews employed in commerce and

trade to the number of Jews employed in manufacturing. Since no systematic wage data exists, the

commerce-manufacturing ratio uses as a proxy for the level of income of the Jewish population in

each district.23

21 On the definition of shtetl see Klier (2000). On the patterns of Jewish settlement in the Pale see Rowland (1986)
and Spitzer (2015a).

22 The interpolation uses district-specific polynomial splines to back out yearly cohorts from the 10-years age
groups.

23 On the correlation between this ratio and the standards of living of the Jews in the Pale see Rubinow (1907),
Kuznets (1975), Kahan (1986), and Spitzer (2015a).
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3.3 Landsmanshaftn

The landsmanshaftn data is used to measure the evolution of district-level migration networks over

time prior to the period in which migration is observed in the Ellis Island data. A landsmanshaft

is a generic name for hometown-based associations, prevalent in New-York and other large cities

in the US since the time of the migration and active well into the second half of the twentieth

century. While in many historical cases of mass migration it was customary for immigrants who

came from a particular region to form associations of mutual benefit or other purposes in the new

country, the extent to which this was done by east European Jewish immigrants in New-York was

unprecedented.24 A survey conducted for the 1919–1920 American Jewish Year Book has counted

over five-thousand Jewish organizations with over one-million memberships, of which 2,421 were

“fraternal orders and mutual benefits associations” with 574,163 memberships (Schneiderman 1919,

p. 303). The landsmanshaftn were the main way of Jewish immigrants to continue the operation

of some of the social and economic roles previously assumed by the town-based communities in

the home country, but at the same time they were adapted to provide mutual support in the new

circumstances in America.25 One of their most important roles was to provide social and material

support for recent immigrants from the same town.

I used a list of 3,014 hometown-based associations that were incorporated in the New-York County

court during the period 1848–1920, where the foundations of the first associations that are doc-

umented there whose origins were in the Russian Empire date back to the 1860s. As general a

rule, the name of the pertaining hometown appears as a part of the name of the association, so

that in most cases it is straight forward to link the associations to their hometowns.26 The court

records noted the year of incorporation. When immigrants from a particular town had incorporated

an association in a particular year, I take it as an indication that around that time the network

supporting immigrants from the respective town had thickened.27

3.4 Crops

The Russian economy had only gone through some early stages of industrialization by the time the

Jewish migration took place. Its production was still, by and large, directly or indirectly related to

agriculture, particularly grains (Gregory 1982; Allen 2003). Within the Pale, agricultural workers

comprised three-fifths of the labor force, with many more workers closely related to agricultural

24 In a comparative study of immigrants hometown-based associations, Moya (2005) noted that the Yiddish term
landsmanshaft became an accepted synonym for hometown associations in the historical literature.

25 See Soyer (1997). For a case study on the associations formed by the town of Proskurov see Milamed (1986).
26 I used a number of publications and online sources to verify the identification of hard cases. Among them

were Rontch (1938) and Schwartz and Milamed (1986), as well as various community webpages on JewishGen
(JewishGen Communities Database).

27 Stampfer (1986) used Rontch (1938), that contained a directory of landsmanshaftn, to learn about the geographic
origins of the Jewish Russian migration. The current data adds a time dimension, in that I also coded the year
of foundation, which enables following the evolution of these sources over time.
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production. Yields of grains were highly volatile, and famines caused by crop failures were a looming

threat, most recently materialized with the 1891–1892 famine that cost half-million lives (Robbins

1975; Simms 1982a,b). Very few Jews were agricultural workers, but they were closely integrated

within the countryside economy (Spitzer 2015a). Moreover, as a large proportion of income was

spent on food consumption, Jews must have been highly vulnerable to local price fluctuations in

agricultural produce, and their economic activities sensitive to local income shocks. Crop yields

thus potentially represent local temporary shocks to the standards of living.

To use fluctuations in agricultural yields as a proxy for local shocks to the standards of living,

I coded data provided by the yearbooks of the MVD, the Russian ministry of internal affairs

(Tsentralnyi statisticheskii komitet 1887). For each year, for each district, and for each of a set of

15–20 staples, the volumes of the yearbooks report the area seeded, as well as the volumes of seeds

sown and crops harvested. The data are based on questionnaires sent to landowners and to the

Zemstvos (townships). They may have somewhat understated the extent of production (Mironov

2012, Ch. 5). However, the yields-to-seeds and yields-to-area ratios are less likely to be subjected

to mis-measurements, since they could be correctly measured based on incomplete reports. They

would be systematically biased if, for example, more efficient landlords and townships were more

likely to fully report their figures, but the fluctuations around the means are in all likelihood driven

by true fluctuations in yields output, mainly caused by weather variations.

For the 26 provinces of the Pale (including Courland), I collected these figures for the five leading

staples over the years 1888–1913 at the level of the province-year.28 These were winter rye, spring

wheat, barley, oats, and potatoes.29 I then created crop-province-year measures of yield shocks

by keeping the residuals from five crop-level regressions of the log of yield-to-seed ratios Y c
pt on

province and year fixed effects:

lnY c
pt =

∑
p∈P

αcpap +
∑
t∈T

βct bt + ycpt, ∀c ∈ C, (3)

where ap and bt are province- and year-indicators, and ycpt are random terms. The residuals ŷcpt

are meant to capture the idiosyncratic province-year shocks to crop c, above and beyond the Pale-

wide yearly mean and the province mean. I then aggregated these residuals over crops within

province-years, weighted by their area sown:

ŷpt =
∑
c∈C

scptŷ
c
pt (4)

where scpt = Scpt/
∑

c∈C S
c
pt is the share of area seeded by crop c out of the total area seeded by the

28 In principle, I could have used the district-year data. However, I suspect that because of weather correlations
across districts within provinces, and due to potentially close market integration within these small regional
units, the added within-province variation would provide little useful information.

29 The area sown with winter rye was typically much more than half the total area sown with all winter crops.
Similarly, the other four staples dominated the spring-summer season.
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five crops at province p in year t.30 The weighted shocks ŷpt are the measures used in Section 5 to

account for province-year idiosyncratic shocks. They were quite large, with a standard deviation

of 0.157.31 In simple checks, they appear to conform well to expected patterns. For example, they

are strongly correlated within regions, but not across regions (Figure A1).

4 Model

This section describes the estimation model. The purpose of this model is to describe the crucial

features of the decision to migrate, in a way that could be mapped to available data and be used

in estimation of the effects of income differences and business-cycles on individuals’ decision to

migrate. It does so by modeling migration as an optimal stopping time problem, as in Rust (1987),

with finite horizon, an unobserved heterogeneity across individuals (types), and a time-varying

unobserved individual linkage status. An extension to the model enables individuals’ unobserved

type to fluctuate over time.

4.1 A Prospective Migrant’s Problem: Overview

There are two countries: the country of origin l0, and the country of destination l1. Individuals start

their lives in the country of origin, and at any period t, individual i whose (deterministically advanc-

ing) age is ait, expects to benefit from a periodical stream of utility flows {uit, . . . , ui,t+τ , . . . , uiTi}
up to a finite known horizon Ti, in which he will reach the final age amax. Individuals living in

the country of origin are forward looking, they form expectations regarding the future paths of

utility flows in both countries based on current information. At each period they face a binary

decision, migrate or stay, knowing that if they stay the option to migrate is still available at all

future periods. However, migration is irreversible; once an individual migrates, there is no option

to go back to the country of origin.32 Thus, migration is modeled similar to an optimal stopping

time problem with a finite horizon.

A prospective migrant i who at the beginning of period t is found at the country of origin (i.e.,

30 Ideally, the weighting would also take into account the market value of the crops, labor and capital inputs, etc.
In practice, the shocks of the five crops within province-years are highly correlated, such that the particular
weighting scheme is not likely to affect the measures much; see Table A4. Also, an alternative measure would
use the residuals from regressions in which the dependent variable is yield-to-area. However, since the within
crop-province variation in the seeds-to-area ratios are minuscule, the two vectors of residuals are practically
identical–the coefficient of correlation between is 0.982.

31 Note that the magnitude should be read in terms of log points.
32 As discussed in Section 2.3, in the case of the Jewish migration the number of returning migrants was particularly

small. Explaining why the rates of return migration should vary so much conditional on the gross rates of
migration remains an economic challenge that has yet to be solved.
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li,t−1 = l0), then faces the problem of finding his optimal next location:

l∗it=arg max
lit∈{l0,l1}

Et
Tit∑
τ=0

βτui,t+τ , (5)

where β is the discount rate, and the dependency of utility on the location is suppressed in the

notation.

To represent this problem in a Bellman equation, let sit denote the vector of all state variables af-

fecting current utility flows in both countries, except for age and location. Let Sit ≡ {. . . , si,t−1, sit}
be the history, such that (Sit, ait, li,t−1) fully describes the prospective migrant’s information when

facing the decision, as well as the determinants of his current utility flows in both countries. The

flow utility can then be written as a function uit = u (sit, ait, li,t−1). Denote by the function

V (Sit, ait, li,t−1) the expected net present value of lifetime utility flows when starting period t at

age ait at location li,t−1, with history Sit and under optimal decisions. At each period, given Sit,

ait, and li,t−1 = l0, the expected net present value is

V (Sit, ait, li,t−1) = max
lit∈{l0,l1}

{u (sit, ait, lit) + βEtV (Si,t+1, ai,t+1, lit)} , (6)

where the expectations are taken over Si,t+1 with respect to Sit.
33 This represents period t’s value

as the sum of period t’s utility flow and the discounted expected continuation value at period t+ 1,

under optimal decision making. Given the transition probabilities, and assuming a deterministic

transitions of age, the value function V is well defined and could be solved recursively by iterating

backwards over ages starting from the last age amax when no continuation value exists, and in which

the value function is simply

V (Sit, amax, li,t−1) = max
lit∈{l0,l1}

u (Sit, amax, lit) . (7)

Finally, the decision to migrate can be written as a policy function of the state variables:

l∗it = l (Sit, ait, li,t−1)

= arg max
lit∈{l0,l1}

{u (sit, ait, lit) + βEtV (Si,t+1, ai,t+1, lit)} . (8)

4.2 Flow Utility

The flow utility is a function of three arguments:

uit = ǔ (wit, cit, εit) (9)

33 After migration, the case in which li,t−1 = l1, the function is trivially V (Sit, ait, li,t−1) = u (sit, ait, lit) +
βEtV (Si,t+1, ai,t+1, lit), with lit = l1.
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where wit is individual’s real income; cit are the costs of migration, that apply only during the period

in which migration takes place; and εit is a random term. All three components are themselves

functions of the state variables, including age and location.34

Specifically, I assume an additive function in which real income enters through the function vi:

ǔi (wt, cit, εit) = vi(wt)− cit + εit. (10)

Note that the costs of migration are expressed in terms of the utility measure, and not in terms of

income. Below I describe how each argument depends on the primitive state variables.

4.2.1 Real Income

Real income in each of the two countries follow independent growth processes with deterministic

growth trends, where business-cycles are the deviations of actual real income from the trends. The

log of income levels in each country, lnw0
t and lnw1

t , are decomposed to the sums of trend levels

and the deviations from the trends. The log of real income in the country of destination is

lnw1
t = ln w̃1

t + d1t (11)

where w̃t denotes the trends and dt the deviations. A similar income process in the country of

origin is augmented in each province by a quantity proportional to the yield shock:

lnw0
pt = ln w̃0

t + d0t + ρŷpt, (12)

where ρ is a parameter mapping yields shocks in province p to the measure of log-income. This

means that each province has its own path of deviations of income from trend (although the income

trend for all provinces is still assumed to be a single country-wide trend). When possible, in what

follows I suppress the province and country notations for clarity.

The marginal utility from income is αw. On top of the general level of income in the country of

destination lnw1
t , individual i’s utility from income in that country is augmented (or discounted)

by an additional personal term ηi. In sum, the utility from income in the two countries can be

written as:

vi(wt) = αw(ln w̃t + dt) + ηi1[lit=l1]. (13)

The individual fixed-effect ηi, multiplied by an indicator for the country of destination, stands

for the prospective migrant’s “type” on the scale of movers and stayers. The greater it is, the

34 So ǔ (wit, cit, εit) = u (Sit, ait, lit); notations expressing this dependence are suppressed for clarity.
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relatively better-off he is made by migration.35 The model takes it as given that conditional on all

observable characteristics, there remains an unobserved heterogeneity across individuals in their

inherent propensity to migrate. It is agnostic as to the sources of this heterogeneity and as to the

question whether migrants are positively or negatively selected.36

4.2.2 Costs of Migration

The costs of migration depend on the state of the destination business-cycle, as well as on the age

of the migrant:

cit =
[
γ0 − γ1d1t + fa(ait)

]
1[lit=l1, li,t−1=l0], (14)

where the indicator is for migration in period t. The age-dependent component of the cost function

is

fa(ait) = κe(ait − amin)

Tit∑
τ=0

βτ . (15)

where amin is the age in which a migrant starts his working life and is allowed to migrate, and

Tit = amax − ait is the length of the remaining life at age ait.

To be sure, the pecuniary costs are only a small part of the effective, broadly-defined, costs of

migration. They are meant to capture anything from the difficulties of adjusting to a new envi-

ronment and acquiring a new language; of moving to a new labor market in which not all previous

labor experience may be relevant; or of the new constraints on the traditional ways of life, not

the least on religious customs.37 The destination business-cycles term captures the greater costs

of migration during a recession, as discussed in section 2. This business-cycle effect is the primary

effect driving the strong cyclicality of the flows of migration.38

35 There is no loss of generality in having an individual fixed-effect apply only in the country of destination. Given
the additive specification, having two different effects, one for each country, is equivalent to a single effect in one
country that could be thought of as the difference between them.

36 This is a key question in the economics of migration. See Borjas (1987) and Borjas (2014, Ch. 1); for recent
applications see McKenzie and Rapoport (2010), Abramitzky, Platt Boustan, and Eriksson (2013, 2014), Gould
and Moav (2014), and Spitzer and Zimran (2014).

37 According to Hatton and Williamson (1998, pp. 14–15), by the 1860s the decline in shipping costs had reached
the point beyond which fluctuations in the prices had very little effect. Alroey (2008, Table 4C) estimated the
total pecuniary costs of migration, including travel and expenses on the way to the port, on the order of $100,
where the fare of the ship ticket was under 40 percent of this total. This was a substantial sum in terms of
Jews’ income in the Pale—depending on the region, this was typically more than a half-year’s wage (see a list of
Jewish artisan wages by provinces in Rubinow (1907, pp. 528–530)). However, it could be earned back within
a few weeks of employment in the US. On the effects of changes in shipping fares, Deltas, Sicotte, and Tomczak
(2008) claimed that cartelization in the transatlantic shipping market significantly reduced emigration, but their
evidence is not based on price data. Instead, fare prices were important with regard to the substitution between
the ports of embarkations of the different cartels. In particular, the 1904 fare war induced many East-European
migrants to embark through British and Scandinavian, rather than German ports Keeling (2011).

38 The specification could be extended to include an analogous effect of origin business-cycles, and future versions
of this study will test robustness of the main results to this modification. The majority view in the literature
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The age-dependent component is meant to enable migration at older age to be more costly. Older

prospective migrants may have greater losses in terms of non-transferable human and physical

capital; they stand to loose location-specific labor experience, reputation, or connections with

customers and suppliers;39 and they may be more likely to face complications in migrating as a

household with children.40 The specification of fa is derived from a simple Mincerian wage equation:

The accumulated experience is eit = ait−amin, and the return to experience at each period is κeeit.

Upon migration, the migrant loses his previous experience, and starts accumulating new experience

from scratch in the country of destination. The function fa(ait) is thus the present value of the

lifetime loss of returns to the experience earned in the country of origin.41

4.2.3 Random Term

The random term εit is defined as follows:

εit = ζit1[lit=l0] + ξit. (16)

It adds an individual country-specific IID transitory random term ξit, where the terms in the two

countries are independent from one another, and an unobserved individual cycle term ζit, that only

applies in the country of origin. This variable stands for the part of the individual variation over

time that is not correlated with the macro-fluctuations, and has some persistence from one period

to another. These could be temporary employment problems, a personal crisis, a recent migration

of a close friend or relative, etc. It enables some mobility across types over time. Conditional on

observable characteristics and on the unobserved type, a prospective migrant can have persistent

periods in which he is more or less prone to migration. The persistence of this cycle has bearing on

the macro-patterns of migration: the greater it is, the more short-term persistent will be the stocks

of prospective migrants from one year to another, meaning that a temporary shock to migration in

is that these effects were negligible compared to those coming from the business-cycles in the destination.
Platt Boustan (2007) showed that the trends of migration from different European countries, such as Italy and
the Austro-Hungarian Empire, followed almost precisely the same trend as that of Russian immigration, all
corresponding strongly with US income fluctuations. An example to the contrary, however, was the case of the
Swedish migration, with a significant number of farmers susceptible to harvest shocks; see discussion in Hatton
and Williamson (1998, Ch. 4). Section 6 further discusses the importance of push factors in the case of Russian
Jews.

39 This is particularly important given that over a third of the Jewish labor force in the Pale was employed in
commerce, in which the intangible market-specific experience can not be used after migration.

40 Another reason why the probability to migrate would decline with age is that the movers are migrating earlier,
leaving behind a population that is more skewed towards stayers in later periods. This effect is applies to the
population as a while (and is taken into account in the estimation), but it is not part of the individual migration
problem. Each individual knows his type and it does not shift towards stayer over time.

41 Chiswick (1991, 1992) showed that Jewish immigrants in New York fared better in the labor market than
other immigrants, and tended to climb up faster in the occupational ladder. Recent evidence by Abramitzky,
Platt Boustan, and Eriksson (2014) suggest that the seeming convergence of immigrants wages does not reflect
convergence at the individual level, but is instead due to the decline in the quality of the cohorts over time and
to selective return migration. Eckstein and Weiss (2004) estimated a model that explicitly captures lost and
gradually reclaimed pre-migration experience.
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one period will be compensated more strongly in the short-run by delayed migration. In practice,

there is no useful variation in the data that enables to identify the parameters of this cycle. In the

current version of this paper, this process is squelched. In future versions, the sensitivity of the

main results to assuming a range of parameters for this cycle will be tested.42

4.2.4 Full Expression

After introducing all its components, the period t states vector could be written formally as (sup-

pressing the countries and provinces notation, when applicable):

sit ≡ (w̃t, dt, ηi, ζit, ξit, li,t−1) , (17)

Finally, flow utility as a direct function of contemporary state variables can be written as (sup-

pressing country-specific notations when possible):

uit = u (sit, ait, lit)

= vi(wt) + cit + εit

= αw(ln w̃t + dt + ρŷpt1[lit=l0]) + ηi1[lit=l1]

−

[
γ0 − γ1d1t + κe(ait − amin)

Tit∑
τ=0

βτ

]
1[lit=l1, li,t−1=l0]

+ζit1[lit=l0] + ξit (18)

Thus flow utility is a sum of utility from income (composed of trend, deviation from trend, and

individual fixed effect); of migration costs (if applicable, which are a function of the deviations from

income trend and of age); and of a random term (a transitory effect, added by an individual cycle

effect in the extended version).

Note that the business cycle variable dt enters twice; once multiplied by the marginal utility from

income αw, and again multiplied by the coefficient of the variable costs of migration γ1. There is no

perfect linearity, as the variable costs of migration enter the utility flow only during the period in

which the individual migrates. Additionally, an exclusion restriction assumption makes the variable

costs of migration depend only on d1t , and not on d0t . However, as discussed in Section 2.2.1, the

income trend ln w̃t is a poor source of identification for the utility from income αw, and thus in

practice, despite the exclusion assumption and the fact that there is no perfect linearity, αw and

γ1 are not separately identified. This is the same fundamental identification problem of separating

the long-run from the short-term effects of income. In Section 6 I show how, in principle, the

identification problem could be solved if sufficient data on panel or cross-sectional variation in real

income is available, and what could be done in the absence of such data.

42 Again, there is little loss in generality in assuming that the cycle applies in only one country.
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4.3 Transitions Between States

Given the history, age, and location (Sit, ait, li,t−1), prospective migrants form expectations about

the future state si,t+1, and make their decision on migration accordingly, as described by the policy

function in equation 8. The following describes the transition of state variables from one period to

another.

First, a few state variables have a trivial transition. The next location li,t is determined by choice.

Age advances trivially one period at a time, ai,t+1 = ait + 1. And the unobserved type ηi is

fixed.

The income trend w̃t is assumed to have a fixed growth rate g (which may be different for the

two countries), meaning that the log of income trend is linear in time. The deviations from trend

dt revolve about the trends in an AR(1) process, which may have different parameters in the two

countries.43 Thus, period t’s levels of trend incomes and the deviations from them are projected to

be:

ln w̃t+1 = ln w̃t + g, (19)

dt+1 = ϕdt + µt+1, (20)

where the random compenent of the AR(1) process is distributed normally and independently in

each country, potentially with different variances:

µt ∼ N
(
0, σ2µ

)
. (21)

It follows that the transition distribution functions of the deviations from trends from period t to

period t+ 1 is:

Fd (dt+1|St) = Fd (dt+1|dt)

= Φ

(
dt+1 − ϕdt

σµ

)
(22)

where Φ is the normal cumulative distribution function.

The transitory terms ξit are assumed to be distributed IID according to the Extreme Value distri-

bution Type I, independently in the two countries and with the same variance:

ξit ∼ EVI (0, σξ) . (23)

43 This is a common way of describing business-cycles and growth paths, but it is by no means consensual (for
example, see the unit-root debate, following Nelson and Plosser (1982)). In particular, it implies that the long-
run effects of current business-cycle shocks on far-future income is asymptotically zero. I chose the common
AR(1) specification due to its simplicity and tractability, and due to the fact that it reflects beliefs that appear
natural: business-cycles have some persistence, but decay over time.
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Finally, in the extended model, the individual cycle term ζit has a simple binary distribution. It

assumes one of two values and at each period there is a probability p to switch:

ζit ∈ {−ζ, ζ} , ζ ≥ 0, (24)

Pr(ζi,t+1 = −ζit) = p. (25)

The case ζit = −ζ represents a temporary increase in the propensity of the individual to migrate,

since he will benefit less from current flow if he stays in the country of origin. But as opposed

to the transitory IID term ξ0it, as long as p < 0.5 this condition is likely to persist into the next

period.

In sum, according to the assumptions, all the information required to know the distribution of next

period’s state variables st+1 is contained in current period’s state variables st, and the previous

history does not add predictive information over it. Thus states follow a Markovian process,

Fs (st+1|St) = Fs (st+1|st), that is defined by the following parameters:

Parameter Description

g Growth rates

σµ Variances of B.C. AR(1) random terms

σξ Variance of transitory IID terms

p Transition probabilities of individual cycle

The transition distribution function Fs (st+1|st) is the one used while taking expectations in the

Bellman equation 6 and the policy function 8.

4.4 The District Level

Much of the interesting phenomena of mass migration go beyond the individual level and depend

on the way prospective migrants are aggregated. The current section explains the features that

pertain to the level of the district: the variation of types within districts, and the variation of the

distributions of types across districts.

Within each district j there is a different distribution of the unobserved types ηi. It is assumed to

be normal, with the same variance in all districts, and centered around the district-specific mean

ηj :

ηi ∼ N
(
ηj , σ

2
η

)
. (26)

This distribution is that of prospective migrants starting their lives at district j, but after the

population of the district had been exposed to the risk of migration, this is no longer the distribution

of the population actually living there. Since movers are more likely to migrate, past exposure to
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migration disproportionately reduces their numbers and decreases the mean type.44 This means

that within each observables-based population bin, the greater the past probability to migrate, the

lesser the probability of current migration.45 This is the composition effect discussed earlier: a

shock to past migration changes the probabilities to observe migration in the following years, not

only because the number of prospective migrants exposed to the risk is affected by the shock, but

also due to the fact that its unobserved composition has changed. It is one of the challenges of

the estimation procedure, described in Section 5, to take this selection into account and properly

discount current probabilities to migrate based on past migration.

Two different assumptions could be made regarding the distribution of the districts mean types.

First, the estimation can account for fixed-effects without any distributional assumptions. Alterna-

tively, a random-effects assumption could be useful to enable cross-sectional wage data to identify

the effect of income on migration. In the random-effects specification, the district-specific mean of

the distribution is a function of the district characteristics xj and of a district random term εj . For

example, assume a linear function, with a normally distributed district random term:

ηj = α0 + α1xj + εj , (27)

εj ∼ N
(
0, σ2ε

)
. (28)

If xj includes cross-sectional measures of wages that reflect income differences across districts that

are persistent over the period, then estimating α1 would enable an assessment of the long-run

income elasticity of migration. In Section 5, I show how both the fixed-effects and the random-

effects cases could be incorporated in the estimation. The current version presents results of

fixed-effects estimation only.

4.5 Networks

The problem of optimal migration time applies from the moment in which a prospective migrant

becomes linked. Prior to that, he must stay. This section describes the process by which individuals

are becoming linked over time.

First, a link is an individual binary state, kijt ∈ {0, 1}, where kijt = 1 denotes that individual i

in district j is linked at period t. Linkage is irreversible; once an individual becomes linked he

knows that the option to migrate will remain available through the rest of his life. This, and the

fact that the linkage status is binary rather than continuous,46 is a major simplification. But it

comes with a great computational advantage, that the linkage process is removed from the dynamic

44 Naturally, the distribution around the mean will no longer be normal.
45 That is, while controlling for the size of the network. This does not rule out that past migration had another

effect in the opposite direction, through increasing the size of the network.
46 That is, there is no gradual scale of degrees of linkage that increasingly affect the probability of migration. No

linkage is equivalent to infinite migration costs.
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programming problem. Individuals in the model need not form expectations regarding the future

paths of their linkage status.

Another strong assumption is that the probability to become linked at period t conditional on not

having been linked before, the linkage rate Kjt, is the same for all unlinked prospective migrants,

independently of their observed and unobserved characteristics.47 Formally, the probability to be

linked is defined as:

Pr (kit = 1) =

1 if kij,t−1 = 1,

Kjt if kij,t−1 = 0.
(29)

The district linkage rate Kjt is a function of Nd
jt, which is a measure of recent buildup of immigrants

networks at the country of destination that are originated from district j, and Np
jt, which is a similar

province-level measure pertaining to the province in which district j belongs. These measures are

defined as follows: let {. . . , ndj,t−1, ndjt} be measures of network growth at district j in periods

{. . . , t − 1, t}, and let {. . . , npj,t−1, n
p
jt} be the analogous province-level measures.48 The recent

network buildup of district j at period t is defined as:

Nd
jt =

∞∑
τ=0

δτndj,t−τ , (30)

where δ is the rate of depreciation. The province-level buildup Np
jt is defined in a similar way using

the same rate of depreciation δ. The linkage probability is given by a function of recent networks

buildup:

Kjt = K(Nd
jt, N

p
jt)

= logit(λ0 + λdN
d
jt + λpN

p
jt). (31)

This specification of the diffusion process is meant to capture the following: When the network of

immigrants thickens, such as when immigrants from the district or from the province incorporate

a new association, more links are formed. This means that the probability of a yet-unlinked

prospective migrant to become linked at this period is greater. Similar network thickening that

occurred in previous years may also increase this probability, but its effect depreciates over time,

hence the depreciation factor δ. This specification is a simplified discrete-period analogue to the

(Bass 1969) Diffusion Model.49

47 Assuming that this process is exogenous implies that prospective migrants can not actively look for links. Only
once they are linked they respond differently to incentives.

48 In the estimation, ndjt and npjt are the new associations per capita founded at year t that are matched to towns
in district j and to towns in other districts in the same province.

49 In the continuous-time Bass diffusion model, the momentary linkage (hazard) rate would be a linear function of
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Note that pioneers are allowed, in the sense that even if there is zero network activity, the probability

to become linked is strictly positive. The greater is λ0, the more spontaneous links are being formed.

Thus, in the absence of network formation there will still be an underlying drift of prospective

migrants gradually being linked. This enables the estimation procedure to effectively test the

assumption that networks matter; if the networks formation is nothing but noise, the parameter λ0

would be estimated to be so large that within an instant of the beginning of the process all districts

are linked. On the other hand, this specification is restrictive in being deterministic, as it does not

include a random term.

* * *

This concludes the description of the model. Table 1 summarize the variables and the parameters

that govern it. In practice, some of the parameters are weakly identified, and thus the benchmark

model that is used in the results section has several simplifications relative to the full-fledged model

described above (see Section 6.2).50

5 Estimation

I perform a Maximum Likelihood estimation, in which the goal is to maximize the function LL(Ω|θ),
the log-likelihood to observe the data Ω conditional on the set of parameters θ. The next subsection

is a concise overview of the way in which the log-likelihood function is being calculated. It is followed

by a more detailed discussion of some of the issues in the estimation procedure and the results.

5.1 Terms and notations

Throughout this section I will use the following terms and notations in referring to time periods:

The initial stage, denoted T init = {tinit, . . . , 0}, spans the years in which migration took place and

on which consistent macro-data are available, but no migration counts are available (FY 1886-

1899). Year-zero, where t = 0, is the last year of the initial stage (FY 1899). Part of the estimation

challenge is to predict the distribution of the population that has not yet migrated by the end of

year-zero, in terms of the unobserved variables. The observed stage, denoted T ob = {1, . . . , tob} is

the era on which migration counts are available (FY 1900–1914). Finally, the entire era encom-

passing both stages is denoted T = {tinit, . . . , 0, 1, . . . , tob}. Further notations are y ∈ Y , denoting

a year-of-birth cohort; j ∈ J and p ∈ P denoting districts and provinces; and l ∈ {l0, l1} denoting

the two countries.

the size of the effective network: Kjt = λ0 + λ1Njt, where the size of the network is replacing for the number
of previous adopters in the Bass model. I use the logit transformation to bind the predicted probability in the
range (0, 1). On estimating the Bass model in discrete time see Srinivasan and Mason (1986) and Boswijk and
Franses (2005).

50 In future versions of this paper, the sensitivity of the main results to these simplifications will be tested in
robustness checks.
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The observed data Ω are

Ω =
(
M,M−, n, x, w̃, d, ŷ

)
, (32)

defined as follows:

M = {Myjt}y∈Y,j∈J,t∈T ob Cohort-district-year migration counts

M− = {M−yj}y∈Y,j∈J Cohort-district non-migration counts

n = {ndjt, n
p
jt}j∈J,t∈T District-year network indicators

x = {xj}j∈J District characteristics

w̃ = {w̃lt}l∈{l0,l1},t∈T Country-year income trends

d = {dlt}l∈{l0,l1},t∈T Country-yearly deviations from trends

ŷ = {ŷpt}p∈P,t∈T Province-year yield shocks

The migration counts M are available only through the observed stage. The non-migration M− is

the residual from subtracting total observed migration from the size of the cohort observed in the

1897 census. The time-varying variables n, w̃, and d, are observed through the entire era T .

The estimation parameters vector θ is

θ = (α, γ, δ, κ, ρ, λ, ζ, σξ, ση, σε, p) , (33)

and its parameters are listed on Table 1, Panel B.

5.2 Main Steps in Estimation Procedure

The estimation procedure follows through the following steps. For each set of parameters θ:

(a) Dynamic programming problem: Solve the dynamic programming problem and compute the

function

m
(
η, ζ, a, w̃, d|k = 1, l = l0

)
,

the probability to migrate as a function of all state variables except for the transitory EVI term

ξ, conditional on being linked and on not having migrated before.51 Plug in the actual values

of country-wide deviations from trens d and the province-year yield shocks ŷ, and rearrange

this function, such that the age a and trend income w̃ will be replaced with the cohort y and

the period t, to get

mypt

(
η, ζ|k = 1, l = l0

)
,

the cohort-province-yearly probability to migrate as a function of type and individual cycle,

conditional on being linked and present at the country of origin at the beginning of the period.

51 This section uses a series of migration probabilities functions, all denoted with m, differing from each other
by the arguments and the conditioning. The dependence on the set of parameters θ and the subscripts of the
variables are suppressed for clarity.
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(b) Initial conditions: Solve for the year-zero conditional distribution of unobservables, Pyj0
(
η, ζ, k|ε, l = l0

)
.52

This is the probability that an individual of cohort y in district j at period t, will be of type

η under individual cycle state ζ, with linkage status k, conditional on the district mean-type ε

and on not having migrated prior to year-zero. Do that by following steps i-iv:

(i) Draw Q randomly simulated paths Z init = {zinit1 , . . . , zinitQ }, where each path zinitq =

{ζqtinit , . . . , ζq0} is a possible history of the individual cycle ζ over the entire initial

stage, while using the transition probability p to generate draws. Use the solution to

the dynamic programming problem to solve for the probability distribution function

Pyp0
(
ζ, k|η, tk, zinitq

)
, defined as

Pyp0

(
ζ, 1|η, tk, zinitq

)
=

0 if ζq0 6= ζ or tk > 0,∏0
t=tk

[
1−mypt

(
η, ζqt|k = 1, l = l0

)]
if ζq0 = ζ and tk ≤ 0,

(34)

Pyp0

(
ζ, 0|η, tk, zinitq

)
=

0 if ζq0 6= ζ or tk ≤ 0,

1 if ζq0 = ζ and tk > 0.
(35)

This is the probability of individual of cohort y, province p, type η, who was linked at

year tk, and had gone under the individual cycle path z, to be present at the county of

origin at year-zero, under individual cycle state ζ, and with linkage status k.53

(ii) Integrate the function Pyp0 over the paths z and get the probability distribution function

Pyp0

(
ζ, k|η, tk

)
=

1

Q

Q∑
q=1

Pyp0

(
ζ, k|η, tk, zinitq

)
. (36)

Note that when tk > 0 (i.e., the individual is not yet linked in period zero), the prob-

abilities are simply Py0
(
ζ, k|η, tk

)
= 0.5 · 1[k=0]. This is the “virgin” distribution, yet

unaffected by attrition caused by past migration.54

(iii) Given the linkage parameters λ, plug the network measures n in the linkage functions

in equations 30 and 31 to find the district-yearly linkage rates K. Compute P kj (t), the

probability to become linked in district j at year t:

P kj (t) = Kjt

t−1∏
τ=tinit

(1−Kjτ ) , (37)

52 Henceforth, discrete distribution functions will be denoted by P , and continuous PDFs will be denoted by f ,
except for migration probabilities functions that are denoted with m.

53 Note that the linkage status k follows directly from tk, and that ζ is just the last element of the path z.
54 The probabilities are 0.5 because the transition probabilities of the process ζ are symmetric.
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and denote the probability to not have been linked by year zero by

P¬kj (0) =
0∏

τ=tinit

(1−Kjτ ) . (38)

Integrate Py0
(
ζ, k|η, tk

)
over tk with respect to the probabilities P kj (tk), and get for each

cohort and district the year-zero probability distribution:

Pyj0 (ζ, k|η) =


0∑

tk=tinit
Pyp0

(
ζ, k|η, tk

)
P kj (tk) for k = 1,

0.5P¬kj (0) for k = 0.

(39)

(iv) Use Pyj0 (ζ, k|η) and f (η|ηj), the prior probability to be of type η conditional on the

district mean type ηj , to solve for the year-zero distribution of unobservables among

individuals who have not migrated during the initial stage, conditional on the district

mean type:

fyj0
(
η, ζ, k|ηj , l = l0

)
=

∫
Pyj0 (ζ, k|η) f (η|ηj) dη. (40)

(c) Conditional probabilities to observe migration: Solve for myjt

(
ηj |l0 = l0

)
, the probability of

individual of cohort y in district j to be observed migrating at period t, when the district mean

type is ηj , conditional on being present through year-zero. To do that, follow steps i-iii:

(i) DrawQ randomly simulated paths Zob = {zob1 , . . . , zobQ } where each path zobq = {ζq,1, . . . , ζq,tob}
is a possible history of the individual cycle ζ over the entire observed stage, Use the so-

lution to the dynamic programming problem and integrate over the paths to get

mypt

(
η, ζ0, t

k|l0 = l0
)
,

the probability to migrate as a function of type η, year-zero individual cycle state ζ0, and

linkage year tk, conditional on being present through year-zero.

(ii) Use the year-zero distribution Pyj0 that was found on (b) and the linkage processes K, to

integrate myt

(
η, ζ0, t

k|l0 = l0
)

over the year-zero individual cycle status ζ0 and the linkage

years tk, and get

myjt

(
η|l0 = l0

)
,

the probability to be observed migrating as a function of the type η and conditional on

being present at the end of year-zero.

(iii) Integrate myjt

(
η|l0 = l0

)
over η with respect to the district mean type ηj using the prob-

ability distribution Pyj0 that was found in stage b.iii. Get the cohort-district-year prob-
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abilities to migrate as a function of the district mean type

myjt

(
ηj |l0 = l0

)
,

and back out from it the probabilities to not migrate,

m−yj
(
ηj |l0 = l0

)
.

(d) Likelihoods: Compute the log-likelihood LL (Ω|θ) .

(i) Using the probabilities to migrate and to not-migrate found above, the likelihood of

observing the observed pattern of migration from cohort y at district j, given a district

mean type ηj , is (suppressing the conditioning on l0 = l0 and the observed variables that

were used earlier on):

Lyj

(
Myj ,M

−
yj , ηj ; θ

)
= m−yj (ηj)

M−yj

tob∏
t=1

myjt (ηj)
Myjt . (41)

Then, further aggregate the cohort-district likelihoods up to cohort likelihoods, condi-

tional on the district mean type:

Lj

(
Myj ,M

−
yj , ηj ; θ

)
=
∏
y∈Y

Lyj

(
Myj ,M

−
yj , ηj ; θ

)
. (42)

(ii) Depending on the specification of the distribution of the district mean types, fixed effects

or random effects, there are two ways to recover the unconditional district likelihoods.

a. Random effects: When the district mean types are assumed to be normally distributed

around a function of district characteristics (see Equation 27), integrate out the district

mean type ηj by:

Lj

(
Mj ,M

−
j ; θ

)
=

∫
Lj

(
Myj ,M

−
yj , ηj ; θ

)
f(ηj |xj ; θ)dηj (43)

where f(ηj |xj ; θ) = φ
(
ηj−α0−α1xj

σε

)
and φ is the density of the normal distribution.

b. Fixed effects: When no assumptions are made on the distribution of the district mean

types, estimate the fixed effect of each district directly in an inner ML estimation,

given the parameter vector of the current iteration:

η∗j (θ) = argmax
ηj

Lj

(
Myj ,M

−
yj , ηj ; θ

)
, (44)
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and the district likelihoods are then

Lj

(
Mj ,M

−
j ; θ

)
= Lyj

(
Myj ,M

−
yj , η

∗
j (θ); θ

)
(45)

This is computationally quite feasible, since given the parameters vector θ, the maxi-

mum likelihood estimators of the district mean types are independent of one another.55

The disadvantage of the fixed effects specification is that it does not enable to use xj

to the long-run income effects.

(iii) Finally, taking logs and summarizing over district, we get the desired log-likelihood func-

tion:

LL
(
M,M−, N, x, w̃, d|θ

)
=
∑
j∈J

lnLj

(
Mj ,M

−
j ; θ

)
(46)

6 Results

6.1 Determinants of Migration: Reduced Form Regressions

The main patterns of correlations between migration and its potential determinants can be observed

in Table 2. The table reports OLS regressions at the district-year level, similar to traditional push-

pull analysis of migration, predicting the rate of migration among the cohorts aged 16–50 at each

year, according to the following specification:

mjt = α+ βxj + γwt + δzkt + εjt, (47)

where xj are district time-invariant characteristics, wt are time-series variables (income or year

fixed-effects), and zkt are the yield shocks in year t at province k, to which district j belongs. In

columns 1-4 the dependent variable mjt is yearly migration per thousand, and in columns 5-8 it is

the log of yearly migration per thousand.

The top four rows report the coefficients of district characteristics. In the absence of a direct

district-level measure of income, a reasonable variable representing the local conditions that affect

the propensity to migrate is the ratio of Jewish workers in commerce to Jewish workers in manufac-

turing, appearing at the top row.56 According to columns 1 and 5, manufacturing districts indeed

sent more migrants.57 Another potential cause for an association between this variable and the

rate of migration is that in urban centers there were relatively more manufacturing workers. The

55 It does, however comes with a cost, as it requires a correction to the standard errors θ.
56 High concentration in manufacturing reflected greater congestion of Jews in the labor market (Spitzer 2015a).
57 The coefficient of -0.21 in column 5 means that an increase of one standard deviation in the com-

merce/manufacturing ratio is associated with 19 percent fewer migrants.
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negative correlation could be a result of greater inclination of urban cohorts to migrate, indepen-

dently of the standards of living. Furthermore, it is possible that there was selection into migration

based on occupation, if artisans and laborers were more likely to benefit from migration compared

to workers in trade and commerce.58 Finally, this variable might reflect the geographic dispersion

of migrants, as the northwestern districts had both higher rates of manufacturing workers and of

US migration.59 Indeed, the fact that the coefficient becomes much smaller and statistically in-

significant when province fixed-effects are added (columns 3 and 7), suggests that this correlation

was largely driven by regional patterns.

Capital districts, where the capital cities of the provinces were located, and that typically bore the

same name as the province, had greater migration counts. This could be attributed either to greater

propensity to migrate in urban centers, or to migrants reporting their province’s main city rather

than their own town of origin—a potential source of measurement error. As expected, districts

with more comprehensive coverage in the migration data also had greater migration counts. The

positive correlation between these two variables and migration, which remains even after controlling

for province fixed-effects, is thus likely to be driven to a large extent by systematic time invariant

district-specific measurement errors. This highlights the importance of controlling for district fixed-

effects in the estimation. The cumulative rate of associations per capita founded through the period

prior to the first year of observed Ellis Island migration (1861–1899), stands as a measure of prior

penetration of migration networks. As expected, it is strongly correlated with migration during

the observed period, although this correlation decreases after controlling for province fixed-effects.

The lower within-province correlation is consistent with the notion that the networks’ spheres of

influence did cross district boundaries.

Consistent with Platt Boustan (2007)), American business cycles are strongly positively correlated

with migration. The coefficient of 9.78 (column 5) implies that a 1 percent greater US income is

associated with 10.3 percent more migrants. However, Russian income (added to the regressions

in columns 2 and 6), is not correlated with migration in the expected direction. This does not

appear to be a result of correlation between the US and Russian cycles, as the coefficient on US

income remains virtually unchanged. This seemingly perverse pattern may be a result of the short

length of the series, or merely another case in which push effects on migration are rather elusive

and dominated by the pull effects.60

Further evidence on the effect of income push factors is given by the yields data. The measure of

area-weighted averages of the shocks to yield-to-seed ratio of five primary crops is added to the

regressions in columns 4 and 8, while controlling for district and year fixed-effects. The correla-

tion between yield shocks and migration is negative as expected, but it is weak and statistically

insignificant (column 4) or virtually zero (in the log regression, column 8). It cannot be ruled out

58 This hypothesis was critically discussed in Perlmann (2000).
59 See Rubinow (1907) and Kuznets (1975) yannayspitzer.net/2012/09/30/jewish-occupations-in-the-pale-of-

settlement.
60 See discussion in Section 2.2.1.
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yet that this lack of correlation is merely a result of weak statistical power; the coefficient of the

yields shock in column 8 can be interpreted in terms of elasticity, and its standard error is 0.092,

such that the regression will fail to identify as statistically significant a correctly estimated yield

elasticity of 0.18 or less. However, these levels are two orders of magnitude lower than the implied

elasticity of US income, and although it is unknown how a yield shock translated into an effective

income shock for the average Russian Jew, it is hard to imagine that it was attenuated more than

fifty-fold.61

To see this graphically, Figure 6 depicts nonparametric residuals regression of migration on yield

shocks at the province-year level. The migration measures here are residuals from a regression

of province-year log migration on province and year fixed-effects. Nothing gives the impression

that there is any substantial negative relation between the two variables. The average migration

residual at the bottom quartile of yield shocks is in fact slightly lower than at the top quartile.62 In

short, at least in this case, the pull factors are dominant in determining fluctuations in migration,

whereas the push factors are indiscernible. Failing to associate variations in income in the origin

with variations in rates of migration does not prove that such causal link does not exist, but it

does provide motivation for a model in which temporal variations in destination income are given

precedence, such as by affecting the costs of migration more than the counterpart variations in

origin income do.

6.2 Estimated Parameters: The Benchmark Model

The specification of the benchmark model has several simplifications compared do the complete

model described in Section 4. First, the individual cycle is suppressed, meaning that types are

immutable and do not fluctuate over time.63 In experimentation, this process proved to be uniden-

tifiable, and hence future versions will test whether the main results are robust to assuming such

process with arbitrary parameters. Second, the mean utility intercept α0 and the fixed costs of

migration γ0 also proved to be not separately identifiable. This means that the estimation cannot

distinguish between a recurrent greater utility flow in the country of origin and a one-off greater cost

of migration. Thus, the benchmark specification normalizes the fixed costs to γ0 = 0. Moreover,

since this specification enables district fixed-effects, such that each district’s mean flow utility is

estimated separately, the Pale-wide mean utility α0 makes a redundant degree of freedom. Hence,

it is set to α0 = 0.

The most undesirable, yet unavoidable, limitation of the full-fledged model is that in practice, the

utility from income αw is not identified separately from the effect of US business cycles shocks on

61 If a 10 percent yield shock was transmitted into a 0.2 percent income shock only (a fifty-fold attenuation), and
the push income elasticity was identical to the estimated pull income elasticity (9.7), then a correctly estimated
coefficient of yield shock (0.194) would be just within statistical significance of 5 percent.

62 In a study on Swedish emigration, Bohlin and Eurenius (2010) found statistically significant yet “practically
unimportant” effect of crop per hectare on emigration.

63 In practice, this means calibrating ζ = 0.
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the costs of migration, γ1 (see Section 2.2.1).64 The two effects cannot be separately identified,

but they could be jointly identified in a reduced form specification. Since only the first effect is

related to the long-run effects of income differences on migration, a reduced form specification that

bundles the two does not enable to estimate directly the long-run income effects. However, it does

enable to estimate the short run effect of a temporary income shock, coming jointly through both

channels.

Finally, given the questionable correlation between Russian business cycles d0t and migration, this

variable is set to zero, equivalent to assuming that Russian income was on trend at each period,

or that the push effect of Russian income was zero. Future versions of this paper will experiment

with alternative specifications as robustness checks to verify that the analysis is not affected by

this strong assumption.

The benchmark specification of the flow utility is thus the following (compare to the full model in

equation 18):

uit = u (sit, ait, lit)

= [κtt+ ηi]1[lit=l1]

−

[
γ0 − γ1d1t + κe(ait − amin)

Tit∑
τ=0

βτ

]
1[lit=l1, li,t−1=l0]

+ξit (48)

where κt replaces αw and stands as a time trend coefficient.65

Table 3 reports the parameters estimates of the benchmark model. As far as the parameters of the

flow utility term, the outstanding thing to note is that the return to experience is estimated to be

negative, a non-intuitive result. There are four channels through which age affects the probability

to migrate. First, older migrants have shorter horizon, and thus a lower benefit from migration.

Second, older prospective migrants are more likely to be stayers, as the movers are more likely to

migrate early. Third, the time trend also reflect forces that make the return to migration vary over

time, and thus by age. The loss of experience gained in the country of origin is the fourth channel.

One way to interpret this result is that the effect of the experience term is hard to separately

identify from any of the other three channels. In any case, the negative coefficient does not imply

that the probability to migrate increases with age—other channels more than offset it.

64 In fact, when estimating the two separately, the estimate of αw is negative. This is probably due to the fact
that based on the exclusion assumption, the main independent source of identification for this parameter is the
series of Russian business cycles shocks, which as shown above, is correlated with migration in the “wrong” sign
also in the reduced form regressions.

65 Enabling a time trend in the country of destination is econometrically equivalent to leaving a utility from
income term that is applicable only to the income trend (i.e., αw ln w̃t, not multiplied by the indicator). This
term could be interpreted now either as a correction to the estimated income trends, or as simply a bundling
of the differential income trends plus anything else that changes consistently differently over time in the two
countries.
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In the diffusion process, the depreciation coefficient is statistically significant, but is close to zero.

This means that a given expansion of the networks has an effect that brings about a one-off shift

to the level of linkages, but does not accelerate the rates of linkage in the long run. Interestingly,

the effect of network formation at the district level is dwarfed by that of the province level. This

is likely to be a reflection of the greater noisiness of the associations measure at the district-year

level. In most cases this is zero, and it infrequently receives a positive value. The province-level

network formation averages over several districts, such that it is a more smooth measure, and

by not suffering from very large artificial variation it could better represent the actual effects of

networks.

6.3 Diffusion of Networks

The current section will describe several insights that follow from the estimation of the diffusion

process within the benchmark model. As described in section 4.5, the option to migrate disseminates

within districts and provinces; the greater is the prior exposure of the district and of other districts

within the same province to migration, the more likely are individuals to be linked to a person who

had already migrated, and thus to receive an “option to migrate”. Once such option is received,

each individual solves his personal dynamic programming problem, and given his type and the state

of the economies makes a decision each year whether to migrate or to wait.

The main variable of interest is the district-year linkage rate. This is the share of individuals

originated in each district that have already received an option to migrate by a given year (some of

them may have already migrated). By the assumptions of the model, the probability to be linked is

the same for all individuals within a given district at a given year, independently of observables and

unobservables. When the linkage rate approaches 1 (i.e., Pr(kit = 1) = 1), the district is said to be

saturated, in the sense that almost all individuals have already received migration options and very

few new links can be formed.66 The linkage process begins back in 1861, the first year in which

a foundation of an immigrant association was identified.67 Henceforth, subsequent foundations of

associations bring about further linkages of previously unlinked individuals in the district and the

province to which the associations pertain.

6.3.1 Patterns of Linkage

Figure 7 shows the estimated distribution of linkage rates across districts over the period 1861–

1913. The primary patterns it reveals are the following: (a) districts start out unlinked, and can

remain so over a long period; (b) districts can approach saturation, and by WWI all of them did;

66 The specification does not allow virtual full saturation, but districts can (and do) approach it infinitesimally.
67 Some of the cohorts of interest were not yet born in 1861, yet in the model they could have benefited from

pre-birth linkage. This process could be thought of as a household-level linkage, where individuals born to a
linked household are already linked at birth.
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(c) there is a range of partial linkage rates (i.e., the distribution of linkage is not binary—with

districts either saturated or unlinked—instead, the case of intermediary levels of linkage is rather

common); (d) during the observed period (1899–1913) most, but not all, districts are saturated,

and the remaining districts are gradually becoming saturated over the period.68

None of these patterns are mechanically produced by the assumptions of the model; they are infor-

mative non-obvious findings that characterize the evolution of migration over time and space. Put

together, they indicate that the diffusion process has a bite in the data. If migration probabilities

were independent of prior network formation, then estimates that predict immediate network sat-

uration would fit the data best. If, on the other hand, denser networks caused greater probabilities

to migrate, but as in traditional models estimating migration this effect was linear (that is, not

reaching saturation at any point), then the parameter values fitting the data best would not have

enabled most districts to approach saturation. Thus, the traditional view of the networks effect

could be nested within the estimation model used here, but the estimated parameters rule against

it.

This diffusion model of networks provides different predictions than the traditional model. It

predicts that after a while, the rate of migration would reach a plateau even in the absence of

any decline in the incentives to migrate.69 Accordingly, districts that have innate tendencies to

produce high levels of migration may not fulfill any of this potential for a long period unless linked.

There is, indeed, a drift of spontaneously generated links: in the absence of indicator of previous

network formation, the rate of linkage is still predicted to grow. This drift, however, is rather slow.

A hypothetical district that did not have any sign of associations related to it would have had a

linkage rate of 48.7 percent by 1913. At this extreme case, after more than half-century, more than

half of this district’s potential for migration would still be unlinked.70

6.3.2 Identification of the Diffusion Process

Since there is no direct migration data on the period prior to FY 1900, the patterns shown on it in

Figure 7 are effectively out-of-sample extrapolations. To understand better what in the data leads

the estimation procedure to identify the parameters of the diffusion process, it is useful to consider

in separate the period 1899–1913/FY 1900–1914. This is the period for which both the data on

68 The associations data in years 1899–1913 are matched to FY 1900–1914, such that there is half-year lag between
the foundation of the associations and the time they affect linkage in the home district.

69 Hatton and Williamson (1998) propose several explanations for the typical inverse U-shape of the rate of migra-
tion during the Age of Mass Migration. These explanations hinge on various sources that reduce the incentives
to migrate after the process of mass migration had matured. Network saturation could be added as an internal
dynamics checking the growth of migration, independently of changes to the underlying incentives to migrate.

70 The network formation is taken in the estimation model as an exogenous process, but clearly in practice it is
not: Sooner or later, even migrants from such slowly linking districts would start their own associations. This
case is extreme in the sense that it assumes that it is possible that the little linkage that is formed will not feed
back to increase the speed of future network formation. Nevertheless, some districts in the data are estimated
to have no more than 50 percent linkage as late as the turn of the century, four decades since pioneer migrants
started leaving the Pale.
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network histories (the associations data) and direct data on migration exist. At the beginning of

this period, most districts are all but saturated, yet quite a few of them have yet to make more

progress: One quarter of the districts had under 80.2 percent linkage, and 11.2 percent of the

districts were below half way to saturation at this year.

It turns out that districts that were more weakly linked as of 1899, and hence becoming fully

saturated during, and not before, the period of observed migration FY 1900–1914, have experienced

far greater increase in the rates of migration during the observed period. Figure 8 shows this

differential acceleration in migration, using a nonparametric regression of increase in migration on

initial linkage. The horizontal axis represents the districts estimated rate of linkage as of 1899. The

vertical axis shows the change in the rate of migration between the first sever years of the observed

period (FY 1900–1906) and the later eight years (FY 1907–1914). The downward sloping curve

means that on average, saturated districts experienced very little increase in migration, whereas

the latecomers had been rapidly growing (more than 50 percent increase at the bottom of the 1899

linkage ladder). This pattern is possibly a source of identification for the parameters of the diffusion

process. It is consistent with a reality in which districts with more advanced network formation are

saturated, whereas lagging districts are still becoming linked, which is exactly the pattern predicted

in Figure 7 for the last 15 years of the sample.

6.3.3 Geographic Patterns

More information on the geography of the diffusion process could be learned from Figure 9. The

two plots depict yearly cumulative distribution functions of estimated linkage across districts, as

in Figure 7, separately for the two regions of Poland and New Russia. The former was adjacent to

the German border, and some of its districts were the pioneers of the Jewish migration, becoming

linked and saturated during the 1860s and 1870s. Other districts within Poland, mainly those in

the southern parts of Poland bordering Austria, were lagging behind. By the late 1890s, most

Polish districts have become saturated. In contrast, New Russia was further away from the earliest

geographic origins of migration. The first signs of network formation does not appear before the

late 1880s, and only by the 1910s did the region as a whole reach saturation. It seems that the

linkage process in New Russia was lagging a decade or two behind that of Poland.

As discussed earlier, Kuznets (1975) and others pointed out that the fact that the northwest seemed

to be over-represented among the Jewish migrants was a result of the poorer standards of living

in this region compared to New Russia. But if New Russia was simply late to be linked, it could

still be that its underlying demand for migration was equally high. This exemplifies the potential

importance of controlling for the diffusion of networks when estimating the demand for migration:

Variations in distance from the early sources of migration, and thus in the timing of linkage, could

be mistakenly interpreted as variations in levels of propensity to migrate. This is the rationale

behind the diffusionist view of the European pattern of transatlantic mass migration—the nations
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of southern and eastern Europe may have been latecomers simply because they were further away

from the earlier European origins of migration, and not necessarily because their underlying demand

for migration was low early on and rising rapidly around the turn of the century.

6.4 District mean types

The variation in the potential for the rates of migration—as opposed to the realization of the rates

of migration, which may be inhibited by low linkage rates—is accounted for by district fixed-effects.

As described in section 4.2.1, the average type in district j is ηj . The higher the type, the greater

is the underlying demand for migration. This is the only time-invariant district-specific variable,

and it functions as a “mean-utility” capturing anything that would shift the level of demand

for migration in the district, net of the linkage process and the business cycles fluctuations. As

explained in section 5, the estimation procedure produces a vector of estimates of these mean types.

Figure 11 shows the distribution of these estimated district effects, which appears to approximate

a normal distribution.71

6.4.1 Long Run Income Effect on Migration: Prospects for Identification

In principle, if there is sufficient data on the level of income at each district, the correlation be-

tween the mean type and the level of income could be a source of identification of the long term

effects of income on the rates of migration. For example, to know how a 10 percent increase in

the level of real income at the district of origin reduces migration rates, the econometrician would

need to identify the decrease in the district mean type caused by this increase in income, and then

simulate the difference in the rates of migration resulting from the shift in the types distribution

within the district. Unfortunately, the data currently available is insufficient to perform this ex-

ercise, and the remaining discussion will be mainly dedicated to the effects of short-term income

shocks. However, the model used here provides a feasible method to identify the long-run effects

of income on migration, while controlling for both the diffusion of networks and short-term income

fluctuations.

One caveat to this is that the determinants of the network formation are not specified in the

model, and are taken to be exogenous in the estimation. This means that as long as the districts

are far from saturation, the model does not account for the feedback from greater migration to

faster network formation, and thus would underestimate the effects of income differences. But once

the districts enter a regime of full saturation, as is shown to be the case by 1914, the feedback

from migration back to networks becomes negligible. Thus, identification of the long-run effects

71 The mean types need not be distributed around zero. Since the types distribution is not separately identifiable
from either the fixed costs of migration γ0 and the utility intercept α, they were both normalized to zero such
that the location of the types distribution is determined.
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of income on migration is feasible for the case of saturated networks. Nevertheless, the estimation

could be based on pre-saturation data.

6.4.2 District Mean Type and Migration

To understand the role played by the district mean types and their interaction with network for-

mation, consider Figure 11. Both plots present a scatter of the log of the average rate of migration

against the estimated district mean type in the periods FY 1900–1906 (top) and FY 1907-1914

(bottom). That both scatters form a very tight upward-sloping curve is by construction: the mean

types reflect all time-invariant differences between districts; districts with average high migration

would generally be assigned with higher mean type, and vise versa. The very wide variation of

rates of migration is a pattern that was found repeatedly in migration studies—there is a very large

unexplained regional variation across districts, and economic historians have always found it hard

to explain by observed variable (Baines 1995).

The remaining variation around the curve is due to two causes: first, random differences in the

realizations of average migration in the two periods; and second, the degree of network formation.

If there was full saturation in both periods, the variation around the curves would have been the

same in both plots. However, the curve at the bottom plot, referring to the later part of the period,

is more tight than the top plot. The R-squared from a quadratic regression increases from 0.877 to

0.929. The mean type represents the potential for migration that could be achieved at saturation.

As shown above, during the earlier period many districts are below saturation and their migration

is therefore below their maximum potential. During the later period, almost all districts achieve

saturation and thus converge to their potential. This is reflected in the plot by a tightening of the

migration–types curve.

The variation around the curve appears to be of second order compared to the variation across

the curve, even in the earlier top plot. This is partly due to the fact that the observed data is

only from the last 15 years of the pre-WWI Jewish migration, the final moments of the Pale-wide

linkage process. By the turn of the century, not all districts were saturated, but almost all were

mostly linked. Extrapolating backwards to the 1880s and before, when only a handful of districts

had been linked, the model would predict a far greater variation in the rates of migration given the

mean type.

6.5 The Individual Migration Decision

6.5.1 Types and Probabilities

Using the estimates of district mean types, I simulate a Pale-wide distribution of types. In Figure 12,

the horizontal axis represents the Pale-wide types percentiles (e.g., the range 90-100 represents the
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10 percent of individuals most prone to migration). The probabilities to migrate are matched to

each type from the solution to the dynamic programming problem, assuming that these individuals

belong to the cohort that is 20 years old at FY 1900, and that they are present and linked at that

year. The right curve represents the probability of each type-percentile to migrate at age 20 (FY

1900).

At the first year, the flow of migrants is highly unequal. The probability to migrate is rather low,

except for the very top types, the small minority of individuals who would migrate almost as soon

as the option to do so becomes available. However, the accumulated probability to migrate over

the entire period of ages 20–30, represented by the left curve in Figure 12, a larger share of the

population is likely to participate in the migration movement. Nevertheless, more than half of the

total population are virtual “stayers” and are very unlikely to ever migrate.

Figure 13 provides a sense of how the types are distributed across districts. The districts are

grouped by deciles of mean type, where higher ranges represent groups of districts with higher

mean types. Each range maps the type percentiles within a group of districts onto the Pale-wide

type percentiles. The bottom decile of districts (D1) is for the most part virtually excluded the

migration movement. Less than 10 percent of individuals in this group are mapped onto the

60th percentile and above of Pale-wide types; below this range the probability to ever migrate is

infinitesimal. However, higher deciles have significant shares of potential migrants. Even at D3,

more than 20 percent of the individuals are mapped to above the 60th Pale-wide percentile. At the

top decile (D10), this rate goes up to almost 70 percent, where the top 20 percent within this group

have a probability of at least 80 percent to migrate between ages 20–30, if linked. Nevertheless, in

all districts there are substantial proportions of virtual stayers. Even at the top decile, 30 precent

of individuals are mapped below the 60th Pale-wide percentile. These patterns altogether suggest

that both the within-district variation of types, as well as the across district variation in mean

types, play important roles in determining the rates of migration.72

6.5.2 Persistence of Short Term Shocks

The distribution of unobserved types is a crucial factor determining the degree to which short term

income shocks persist over the long run. The top types are not going to be strongly affected by a

business cycle shock in the long run: for individuals at the 99th Pale-wide percentile, the rate of

migration at age 20 in a year in which the US business cycle shock is zero (i.e., income is on trend)

is 27.4 percents (see Figure 12). In the worst 2.5 percent of the business cycle shocks it will go as

low as 22 percent, such that an extreme “once in 40 years shock” would prevent the migration of

19.6 percent of the would be migrants of this type at that year. Those affected by the shock would

72 The estimates on which these calculations are based do not take into account the various coverage rates in the
measurement of migration. A lower coverage rate for a district is likely to bias downwards its estimated type,
and thus the cross-district variation in rates of coverage is likely to increase the estimated variation in mean
types.
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almost surely migrate at a later year before they reach 30. Thus, a temporary shock may affect

them only in the short run; in the long run they are all migrants. The 70-95 percentiles are likely,

but are not certain, to migrate. A once in a 40 years shock would reduce the rate of migration

at the 90th percentile from 5.6 percent to 4 percent (a reduction of 28.4 percent), and there is no

guarantee that these affected would-be migrants would migrate instead any time in the following

ten years. The lower the type—the more likely is a temporary shock to persist.

To get a more concrete sense of the persistence of short term income shocks, Plots A.i. and A.ii.

of Figure 14 present a simulation exercise. The simulation is over a population that is 20 years

old at FY 1900, based on the simulated Pale-wide distribution of types. At that year, they are all

assumed to be linked and present; that is, they have not previously migrated and they have the

option to do so if they wish. The simulation follows income shocks of four different magnitudes,

all occurring at FY 1900, of -2, -1, 1, and 2 standard deviations relative to the US income trend

(σ = 0.0225 log points). The migration probabilities of individuals during the 11 years until age 30

(FY 1900–1910) were calculated for a battery of simulated paths of AR(1) shocks that determine

the yearly deviations from the income trend. Thus, the first year income shocks persisted through

the following years while gradually decaying.73

Plot A.i. of Figure 14 reports for each year how much greater or smaller was the number of migrants

relative to a scenario of a zero-shock at the first year. For example, a 2 standard deviations shock

brought 32.9 percent more immigrants at the same year. The persistence of the income shock made

migration in the following two years greater as well, only to subside at the fourth year (age 23/FY

1903). Thereafter, the rates of migration were consistently below those of the zero-shock case. For

example, at age 30 (FY 1910), there were still 3.84 percent less migrants compared to the zero-shock

scenario.74 This long term decline in the rates of migration is attributed to the decimation of the

cohorts of individuals that are likely to migrate, caused by the positive shock of the earlier years.

Many individuals would not have migrated early if it was not for the positive shock, but some of

them would have migrated anyway in one of the later years. This pattern repeats itself, in virtual

mirror image, in the case of a negative shock: The decline in migration during the first three years,

in which the income shock dominated, was compensated by delayed migration later on, similar to

the dynamics illustrated in Figure 3.

Plot A.ii. of Figure 14 quantifies the long-run offsetting of the short-term effect of the business

cycle shock. In each scenario at each year, the cumulative number of additional immigrants is

added up. In the figure this number is normalized to equal 1 at the year in which this total sum

is greatest—in all cases, this happens at age 23 (FY 1903), as seen by the top of the humps—such

that the difference in the number of immigrants in the first four years is regarded as the short term

73 For example, in the case of a 1 standard deviation shock in FY 1900 (equivalent to 2.28 percent greater than
the income trend), the expected income in the second year (FY 1901) would be 1.44 percent above trend (based
on the estimated root of 0.634).

74 Since the rate of migration is declining over the years, a given percentage difference from the no-shock scenario
would become smaller in absolute terms.
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effect of the business cycle shocks. From the fifth year on (age 24/FY 1904), the difference in the

rates of migration is reversed, such that the short term effect is being offset. By the eleventh year

(age 30/FY 1900), more than 40 percent of the short-term effect of the shock has been offset, and

there are virtually no differences in this rate across the various simulated shocks, both negative and

positive. Put simply, out of ten individuals that are affected in the first three years of a business

cycle shock, only six remain affected in the long-run of 11 years (and with a longer horizon, even

fewer would remain affected.)

Since the income shock at the first year has persistence, the rates of migration in the period FY

1901-1910 reflect two competing effects: the persistence of the income shock and the decimation of

the cohorts. The first effect reinforces the initial income shock, whereas the second effect offsets it.

Due to the persistence effect, the conditional probability to migrate changes throughout the period

in the direction of the first year shock. An alternative way to think of the aftermath of an income

shock is to separate the two effects and look only at the latter. In plots B.i. and B.ii. of Figure 14.

the curves describe a simulation of a shock followed by a “reset”: An income shock takes place in

FY 1900, but the income process continues at FY 1901 as if the income was on trend in FY 1900.

This enables to view in isolation how a one-off shock that changes the conditional probabilities to

migration in a single period only, is offset in the long run by the change to the cohorts of prospective

migrants.

As expected, Plot B.i. shows how, following a positive income shock that is reset and not trans-

mitted to the next period, the rates of migration are on average lower, starting from the second

period on. In the case of a positive shock of 2 standard deviations, the contemporary increase in

the rate of migration is the same as in A.i. (32.9 percent), but in FY 1901 migration is on average

4.68 percent lower than it would have been had FY 1900 income was on trend. This difference

gradually converges to zero over time. By FY 1910, migration is on average 1.47 percent lower than

in the no-shock scenario. Plot B.ii. shows how the first year shock is cumulatively offset over the

coming years. By FY 1910, it is down to only 28.15 percent of its maximum level. That is, almost

72 percent of the prospective migrants that were affected by the shock in the first year would have

migrated some time during the following ten years.

Since these simulation exercises above assume that individuals are all linked, but that none have

migrated yet, it provides an upper bound for the degree to which the short term effects are offset

in the long run. As explained above, higher types (“movers”) are less affected in the long run

by temporary shocks. If the simulation was conducted over a population that had already been

exposed to migration, then the share of movers would have been smaller, and thus the temporary

shocks would on average have a greater permanent effect. Furthermore, these simulations do not

take into account that the formation of networks is endogenous. In reality, a positive temporary

shock to the number of migrants should increase the linkage rate in subsequent years, which is a

potentially important channel through which temporary shocks are in fact reinforced in the long

run. This channel should be effective when the networks are far from being saturated. When
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approaching saturation the linkage rate can hardly increase, and temporary shocks to migration no

longer affect the future number of migrants through this channel.

7 Conclusion

This paper proposed a framework for understanding the determinants of mass migration. It ex-

plained the European pattern of transatlantic mass migration in that era in which, on the one

hand, migration was very volatile and sensitive to business cycle fluctuations, and on the other

hand only gradually spreading to the poorer regions of the European continent. It argued that the

pro-cyclicality of mass migration mostly reflected the flexibility of the timing of the decision to mi-

grate, rather than an extraordinary income elasticity of migration, whereas the geographic pattern

was likely due, at least in part, to a process of spatial diffusion of migration networks. In doing so,

it merges two partly conflicting views in the literature into a unified explanation—the internalist

view, typically held by economists, and the diffusionist view, held by some social historians.

The model estimated here is motivated by the pattern of spatial diffusion of the Jewish migration

from the Pale of Settlement, described in Spitzer (2015b), and it follows up on this finding by

formally estimating this diffusion process. It is also motivated by the observation that standard

methods of estimating the demand for migration suffer from acute difficulties in identifying the

income elasticity of migration, and in particular, of separately identifying the short-term effects of

business cycle fluctuations and the effects of long-run differences in levels of income. Moreover, it

is crucial to jointly estimate the demand and the diffusion to enable a correct estimation of the

demand parameters. Similarly it is equally important to account for the unobserved heterogeneity

within the population. This study was enabled by a high-resolution individual-level data on the case

of the Jewish migration from the Pale of Settlement, which notwithstanding all its particularities,

is arguably the best case study available.

The aim is to make a first-order contribution to the understanding of the European transatlantic

migration. Why did millions of prospective migrants from the European periphery avoided mi-

gration for long decades before this became a mass movement? And was the income elasticity of

migration really so high that ordinary business cycle fluctuations induced or inhibited the migration

of hundreds of thousands prospective migrants? The answers that I give are that the case of the

Jewish migration provides a “proof of existence” supporting the view that migration from the Eu-

ropean periphery could have been delayed by the long time that migration networks require to filter

across space and to reach a significant buildup; and that the seemingly high elasticity of migration

was for the most part a reflection of the time-substitution of the decision to migrate. Generalizing

from this case to migration in the twenty-first century would requires a leap of faith, but I argue

that the anatomy of the migration decision may not have changed all that much, and that one

would be hard pressed to find clear evidence on contemporary demand for mass-migration, net of

the legal and the political restrictions. To the extent that the analogy is valid, the implications are
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quite stark. In particular, it implies that even when migration is free, there may be regions and

countries that are likely to produce mass migration in the long-run even though their demand for

migration is currently dormant.

There are a number of unavoidable weaknesses in the analysis. Above all, the lack of cross-section

or panel-data variation in levels of real income prevents a full estimation of the long-run elasticity

of migration, leaving only the short-term analysis feasible. In the ideal data, each district would

have its own measures of growth paths and deviations thereof. Using the provincial yield shocks

was meant to complement for this shortage, but with no positive results—either because income

push shocks are of secondary importance, or simply due to lack of statistical power. Also, the

period of time on which there is actual rates of migration are available is rather short (15 years),

and does not enable a detailed view into the early stages of the linkage process. These weaknesses

ought to be kept in mind while reading the results presented above. While this study makes a step

forward both in term of what we know about mass migration at that age, as well as in terms of the

theoretical understanding of the anatomy of migration, there is still much more that we do not yet

know.
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Table 1: Variables and Parameters in the Migration Model

A. Variables

Applies at Notation Description

Macro w̃t Income trends
dt Deviations from income trends

Individual ηi Individual type
ζit Individual cycle
ξit Individual transitory term

li,t−1 Location at the beginning of period t
lit Location of choice
ait Age
kit Linkage status

District ηj Mean district type
xj District characteristics
εj District random-effect
njt Recent network activity
Njt Size of effective network
Kjt Linkage rate

B. Parameters

Applies at Notation Description

Macro g Growth rate of income trends
ϕ Roots of B.C. AR(1) processes
σµ Variances of AR(1) random terms

Individual β Discount rate
γ Parameters of cost function
κ Coeffs. (time, exper., yields)
ζ Amplitude, individual cycle
p Transition prob., individual cycle
σξ Variance of transitory term

District ση Variance of types within districts
σε Variance of types across districts
α Mean types function

δ, λ Linkage function
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Table 2: Determinants of migration—reduced form

Dep. Var.: mig./k (mean = 11.76) log mig./k (mean = 1.93)

(1) (2) (3) (4) (5) (6) (7) (8)

Commerce/manufacturing −2.579a −2.579a −0.431 −0.210a −0.210a −0.067
(0.735) (0.735) (0.894) (0.074) (0.074) (0.106)

Associations 1861–1899 4.286a 4.286a 1.549 0.432a 0.432a 0.207c

(1.190) (1.190) (1.196) (0.113) (0.113) (0.120)

Capital district 4.479c 4.479c 3.942b 0.371c 0.371c 0.263
(2.355) (2.355) (1.917) (0.208) (0.208) (0.163)

Coverage 6.766c 6.766c 17.475a 0.732 0.732 1.981a

(3.570) (3.571) (3.137) (0.485) (0.485) (0.405)

US income 61.447a 61.049a 9.777a 9.722a

(5.575) (5.571) (0.644) (0.642)

Russia income 16.446a 2.284a

(1.661) (0.154)

Yield/seed residual −1.257 −0.005
(0.810) (0.092)

Constant −307.810 −382.371 −48.593 −58.948
(28.394) (30.255) (3.291) (3.663)

Year F.E. Yes Yes Yes Yes
Geographic F.E. Prov. Dist. Prov. Dist.

R-squared 0.195 0.203 0.463 0.695 0.198 0.212 0.507 0.761
p-value of F-stat. 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Observations 3,090 3,090 3,090 3,090 3,090 3,090 3,090 3,090

Significance levels: a : p < 0.01; b : p < 0.05; c : p < 0.1.
Notes: The table reports OLS regressions predicting migration per 1,000 (ages 16–50), adjusted according to the yearly
ratio of observed-to-unobserved migration. Each observation is a year×district, covering the period FY 1900–1914.
Commerce/manufacturing : standardized log of the ratio of Jews employed in commerce to Jews employed in manufac-
turing. Associations: cumulative number of associations incorporated per 100,000 residents in the district over the period
1861–1899. Capital district : an indicator for the principal district of the province. Coverage: ratio of Jewish population
in towns covered by the geo-matching algorithm to total district population. US income: log real wage (Barro and
Ursúa 2010). Russia income: log NNPPC (Gregory 1982). Yield/seed : province-year residuals of the yield/seed ratio
of five crops from a regression on year and province fixed effects, weighted by seeded area. Standard errors, clustered
by district, are reported in parentheses.
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Table 3: Parameters estimates—benchmark structural model

(1) (2)
Parameter Symbol Est. S.E.

Individual DP problem
Within-dist. type var. ση 0.412 0.010
B.C., US γ1 9.897 0.221
Yield/seed residual κy 0.003 0.005
Time trend κt 0.015 0.000
Experience κe −0.007 0.000
Constant α 0.000
Discount factor β 0.950
Cost of migration γ0 0.000
Indiv. cycle amplitude ζ 0.000
Indiv. cycle trans. prob. p 0.000
District FE Yes

Diffusion process
Depreciation δ 0.096 0.029
Constant λ0 −4.369 0.048
District λd 0.076 0.023
Province λp 3.979 0.077

Log likelihood -482,171

Notes: The table reports the estimates of the benchmark model.
Standard errors are computed by the inverse of the Hessian. Cal-
ibrated parameters are reported without standard errors. The
standard deviation of the EVI error term is normalized to σξ = 1.
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(a) Levels of Total U.S. Immigration and Recessions

(b) Changes in Total U.S. Immigration and Recessions

Figure 1: Total U.S. Immigration and Recessions

Note: Shaded areas represent peak-to-trough years in recessions reported by Davis (2006). Yearly flows of U.S.
immigration from Ferenczi and Willcox (1929, Table IV).
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Figure 2: European Emigration and Real Wages 1870-1910

Note: Emigration rates are decade averages in yearly terms per 100,000 (Ferenczi and Willcox 1929, Text Table 9,
pp. 200-201). Real wages are internationally comparable PPP-adjusted decade averages revised in O’Rourke and
Williamson (1997) as reported in Hatton and Williamson (2008, Table 4.2), where 100 is the level of British real wage
in 1905. The real wages are one year lagged relative to migration (e.g., 1870-1879 wages correspond to 1871-1880
emigration). Real wages in the 1900s are for the years 1900-1913. The dotted lines are univariate OLS regression
lines.

57



Figure 3: Effect of temporary income shock on migration
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(a) Jewish Russian Immigration and U.S. Business Cycles

(b) Jewish Russian Immigration and Russian Business Cycles

Figure 4: Jewish Immigration from Russia and U.S. Business Cycles

Notes: Jewish Russian immigration from Joseph (1914, Table XII) and Ferenczi and Willcox (1929, Table XXXII),
with corrections by Godley (2001, Table 5.4). Russian net national income per-capita from Gregory (1982). U.S.
GDP per-capita from Barro and Ursúa (2010). Migration years are from July 1st (current year) to June 30th (next
year). Migration years started at July 1, e.g., 1880 stands for July 1st, 1880 - June 30th 1881, etc. The data series in
the figure goes from July 1st, 1880 to June 30th 1914. The deviations from the trend are the residuals from an OLS
regression with AR(1) errors over the period 1885-1913; Russian pre-1885 income data originates from a different
series (Barro and Ursúa 2010; Goldsmith 1961) and is presented here for completeness.
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Figure 6: Migration and yield shocks—nonparametric residuals regression

Notes: The plot represents a nonparametric residuals regression of migration on yields shock. Each observation is a
province-year, covering 26 provinces and the periods FY 1900–1914 (migration) and 1899–1913 (yields). Migration is
measured as the log of (adjusted) migration per thousand, taking into account at each year the cohorts aged 16-50.
The migration residuals are taken from a regression of migration on province fixed-effects and year fixed-effects.
Yields output are yield/seed ratio of winter rye, spring wheat, barley, oats, and potatoes. The yield residuals are
taken from a regression of yield/seed ratio on province fixed-effects and year fixed-effects, separately for each crop,
and then averaged using the seeded areas of each crop as weights. The top and bottom 5 percentiles of yield residuals
are omitted from the regression. Inner axis marks indicate the quartiles of each of the two variables. The regression
uses an Epanechnikov kernel function with bandwith 0.05. The shaded area represents the 95 percent confidence
interval.
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Figure 7: Diffusion of migration networks—estimated CDF of linkage over districts by years

Notes: The figure represents the cumulative distribution function of the estimated linkage rates across districts for
each year. Note that districts are ordered by linkage at each year, and their order may change from one year to
another. Linkage is the share of individuals born in the district that have already received an option to migrate,
including those that have already migrated (e.g., linkagejt = 0.6 implies that the probability of an individual born
in district j to not have been linked by year t is 0.4). Linkage is calculated at each year according to the histories
of landsmanshaftn incorporation within the district and the province (see section 4.5 for full specification). The
parameters of the diffusion process are estimated within the benchmark estimation model, where Russian business
cycles are suppressed.
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Figure 8: Linkage and acceleration in migration—Evidence of saturation

Notes: The figure plots a nonparametric regression of increase in migration on the rate of linkage. Each observation
is a single district. The horizontal axis represents the estimates rate of linkage as of 1899. The vertical axis represents
the increase in the average rate of migration of the cohorts aged 20–30 between FY 1900–1906 and FY 1907–1914.
Two districts had zero migration recorded during the first period and were omitted from the plot.
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(a) Poland

(b) New Russia

Figure 9: Diffusion of migration networks—regional estimated CDF

Notes: The figure represents the cumulative distribution function of the estimated linkage rates across districts for
each year, in the regions of Poland and New Russia separately. For details see notes to figure 7.
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Figure 10: District fixed-effects

Notes: The figure presents a density plot of the distribution of district fixed-effects, the district specific mean type ηj .
The estimates are from the benchmark structural model. The curve is the kernel density with Epanechnikov kernel
and optimal half-width.
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(a) FY 1900–1906

(b) FY 1907–1914

Figure 11: Migration and estimated district mean type

Notes: The plots present a scatter of the rates of migration plotted against the estimated district fixed-effects,
according to the benchmark model. The horizontal has the district fixed-effects in utils. The vertical axis represents
the log of the average yearly rates of migration per thoursand of the cohorts aged 16–50 in FY 1900–1906 (upper
plot) and FY 1907–1914 (lower plot). In both plots, the number of observations is 206. The reported statistics are
from quadratic OLS regressions.
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Figure 12: Probability to migrate by type

Notes: The dashed line represents the probability of an individual who is linked, and has not yet migrated, to
migrate at age 20 at FY 1900, averaged over draws of BC shocks. The solid line represents the probability of the
same individual to migrate at any time during the 11 years between age 20 and 30 (FY 1900-1910), averaged over
draws of paths of BC shocks. The horizontal axis marks the type-percentile of the sample, according to the estimated
Pale-wide distribution of types. The shaded areas represent 95 percent of the BC path draws (e.g., in 2.5 percent of
the draws the probability to migrate is greater than the upper bound of the shaded area).
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Figure 13: Distribution of types across and within district groups

Notes: The horizontal axis represents the Pale-wide type percentiles. Each of the ranges D1–D10 represent a decile of
districts, ordered by their mean type (e.g., D10 is the group of districts with the top 10 percent of mean type). The
ranges span the 10–90 percentiles of the within-group distribution of types. The markers along the ranges represent
the within-group decile points, with the medians highlighted. The Pale-wide and within-decile group distributions of
types are calculated based on the estimated districts mean types and the estimated types variation within districts,
with the weight of each district being proportional to the size of the cohort that is 20 years old in 1900.
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Figure 14: Shock simulation

Notes: The figures represent the effects of US business cycle shocks taking place in FY 1900, over the migration
of a Pale-wide representative cohort of linked and present individuals aged 20 years old. Each figure depicts four
shocks: plus or minus 1 or 2 standard deviations of deviation from income trend at FY 1900. In plots A.i. and A.ii.
the income continues to evolve according to the estimated AR(1), with the first year shock persisting and decaying.
The shocks in plots B.i. and B.ii. are reset, meaning that from the next year on the income evolves as if the true
deviation from trend at FY 1900 was zero. Plots A.i. and B.i. report the ratio of migration under a given shock
to migration under a no-shock scenario (i.e., FY 1900 income on trend). Plots A.ii. an B.ii. report the cumulative
number of added migrants by each year, compared to a no-shock scenario, normalized as a share of their maximum
absolute number over the path.. The curves represent averages over 260 simulated income paths (confidence intervals
are suppressed for clarity).
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A Estimation settings

A.1 Income trends

The following are the estimates of the processes of log-US real-wages and log-Russian income. US
real-wages are from Barro and Ursúa (2010). Russian income is NNPPC from Gregory (1982).
Both processes are estimated using data from the years 1885–1913 with Prais-Winsten regressions
on linear trend and AR(1) serially correlated errors (see equation 19). The estimated parameters
are as follows:

Table A1: Parameters of income processes

Parameter Notation Russia US

Growth rate g 0.0174 0.0085
AR(1) coef. ϕ 0.5746 0.6336
AR(1) st.d. σµ 0.0685 0.0174
DW stat. 2.0301 1.9545

A.2 Discretization

The number of support points and the increments between the points for the discretized state
variables are described below. All increments are equal-measured.

Table A2: Discretized state variables

Parameter Notation Points Increment

BC shocks d 13 0.35× σµ
Types η 25 0.4× ση
Mean types ηj 60 0.03

Notes: Discretization of mean types applies only in the
random effects specification.

A.3 Dynamic problem setting parameters

Other setting parameters of the estimation procedure are reported here:

Table A3: Discretized state variables

First age amin 16
Last age amax 70
Number of simulated paths 250
Year in which networks begin to diffuse 1861
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B Tables Appendix

Table A4: Correlations between crops within province-years

W. Rye S. Wheat Oats Barley Potatoes
(1) (2) (3) (4) (5)

W. Rye 1.000
S. Wheat 0.448 1.000
Oats 0.418 0.580 1.000
Barley 0.542 0.713 0.835 1.000
Potatoes 0.367 0.336 0.488 0.481 1.000

Notes: The table reports the correlations between yield shocks of the five
crops within province-years. Yield shocks are the log of the residuals from
regressions of the yield-to-seed ratios of each crop on year- and province-
fixed effects (see Section 3.4). The provinces are the 25 provinces of the
Pale and Courland Province. The years are 1888–1913. The number of
observations is 26 provinces × 26 years = 676.
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C Figures Appendix

Figure A1: Correlations of yield shocks across provinces

Notes: The two histogram represent the distribution of coefficients of correlation in yield shocks between pairs of
provinces that belong to two different groups: (A) pairs of provinces that are within the same region; and (B) pairs
of provinces that are in different regions. Each observation is a single pair of provinces, while the sample comprises
all possible pairs from among the 26 provinces (325 pairs). The yield shocks are a weighted average across crops of
the residuals of the yield-to-seed ratio, as described in Section 3.4.
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