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Summary This paper combines a Roy model of migration and counterfactual wages
with racial differences in migration rates during the Great Migration to recover lower
bounds on black-white differences in the wage impacts of northward migration. Iden-
tification is predicated on the idea that, when migration is more selective for whites,
regional wage differentials for whites will be more contaminated with selection bias. In
this case, the black-white difference in North-South wage differentials bounds the racial
difference in wage impacts from below. Furthermore, as long as the impact of migration
on whites’ wages is nonnegative, a lower bound on the black-white difference in wage
impacts is also a lower bound on the impact itself for blacks. Applying the identification
result, I find that northward migration increased blacks’ wages by at least 36% more
than for whites’, and hence by at least 36%, on average between 1940 and 1970.

Keywords: Treatment effects, causal inference, differences in differences, Roy model,
partial identification, bounds, Great Migration.

1. INTRODUCTION

The African American Great Migration refers to a period spanning roughly 1915-1970
during which millions of southern-born blacks left their erstwhile homes in the southern
US in favour of cities in the North. It is difficult to overstate either the size or significance
of this event. Tolnay (2003), who provides a comprehensive review of the causes and
consequences of the Great Migration, reports that over 2.5 million southern-born blacks
lived in the North by 1970. In a seminal study on black relative economic progress, Smith
and Welch (1989) find that migration from rural areas in the South to urban centres in
the North played a pivotal role in black-white relative wage gains during the second half
of the 20th century, explaining about as much of those gains as increased educational
attainment among blacks. Collins and Wanamaker (2014) estimate that interregional
migration explains roughly all of the relative wage gain for blacks between 1910 and
1930.
While there is widespread agreement that the Great Migration explains a significant

fraction of the relative economic progress made by blacks during the 20th century, the
extent to which observed regional wage differentials represent the causal effects of migra-
tion on wages has been a question of long-standing interest. The sheer sizes of the wage
differences raise the question of whether they are partially a consequence of selective mi-
gration. Donohue and Heckman (1991), for example, report that in 1960 the black-white
wage gap was 32% smaller for men living in the North than for those in the South. As
Smith and Welch (1989) write:

Even among men who have the same amount of education and job experience,
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2 J. R. Gardner

large geographic wage differentials prevail among regions. Identifying their un-
derlying causes is a complex empirical problem. Some of these wage disparities
reflect cost-of-living differences between regions, or compensating payments for
the relative attractiveness or undesirability of locational attributes (e.g. climate,
crime, and density). Given the magnitude of the regional wage differentials we es-
timate, it is also likely that they proxy for unobserved indices of skill. Finally, the
large black-white gap in the South may well reflect the historically more intense
racial discrimination there.

adding that:

If they proxy for unobserved skill differences, cross-sectional wage differentials
would not represent the wage gain an individual would receive by moving from
the South to the North.

In large part, what makes the question of the causal effect of northward migration on
blacks’ wages and relative wages difficult to answer is data limitations. Plausibly exoge-
nous sources of variation in migration are difficult to come by and even more difficult to
connect to data on wages. Few data sources contain information on migrants both before
and after leaving the South, and few of the covariates present in available data (such as
education, occupation, and industry) are exogenous to the migration decision, and not
themselves potentially outcomes of migration.
Some of the best evidence that we have on the causal effect of the Great Migration

on blacks’ wages comes from a painstaking effort by Collins and Wanamaker (2014) to
link black individuals’ 1910 and 1930 Census records, allowing them to estimate first-
differenced models of the wage effects of northward migration that allow for individual
heterogeneity in wages and the migration decision. They conclude that there is little
evidence of selective migration and that migration increased black migrants’ wages by
63 log points during the period that they study, providing some of the first rigorous
evidence on the causal effect of the Great Migration on wages. Illustrating the difficul-
ties of analysing Great-Migration-era data, however, because the Census did not collect
information on wages prior to 1940, the estimates in Collins and Wanamaker (2014) rely
on imputed wage measures that relate occupational characteristics in 1910 and 1930 to
occupation-specific wages in later Census periods. In addition, their estimates are lim-
ited to a subsample of individuals for which Census records for different decades can be
reliably matched, and do not include estimates for white migrants.
In this paper, I take a different approach to inference about the causal effects of

northward migration on black-white relative wages. While it was the African American
Great Migration that was a powerful social force, it often goes unnoticed that many
southern whites moved North during this period as well, albeit at substantially lower
rates (I estimate below that on average between 1940 and 1970, there was about a 23%
chance that a southern-born black man was living in North and about a 12% chance
that a southern-born white man was). The results that I present below use this racial
variation in migration rates to bound the selection bias present in comparisons between
migrant and non-migrant southern-born blacks’ wages.
This approach is motivated by a Roy model of migration, in which individuals migrate

if the net benefit of doing so (which may reflect wages and regional amenities as well as
psychological and social factors such as discrimination and family ties which affect the
benefits and costs of migrating) is positive, and the counterfactual wages that individuals
would earn in either the South or the North are positively correlated with this net benefit.
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For example, suppose that wages in both the South and North are positively correlated
with some unobserved skill, as is the net benefit from migrating (e.g., because the return
to skill is higher in the North, or because skill reduces the cost of migrating). In this
case, wage comparisons between migrants and non-migrants represent a combination of
the causal effect of migration on wages and a bias term arising because migrants are a
select group who would have commanded higher wages even if they had remained in the
South.
Within this framework, a lower migration rate for whites implies that the migration

decision is more selective for whites, suggesting that the selection bias component of
the North-South wage difference will be larger for whites than for blacks. In this case,
subtracting the North-South wage difference for whites from that same difference for
blacks will over-control for the selection bias component of the black difference, recovering
a lower bound on the black-white difference in causal effects of migration on wages. The
theoretical results in this paper elucidate the conditions under which this intuition is
correct.
Although it is not the object of identification in most studies of the Great Migration,

a lower bound on the black-white difference in the causal effect of northward migration
is informative for several reasons. It provides a sense of the causal impact of the Great
Migration on racial wage convergence (rather than a combination of the causal effect and
selection effects).1 As Manski (1989; 1990; 2005) has argued, partial identification ap-
proaches allow us to conduct credible inference when the conditions required for standard
econometric methods do not hold. In the Great Migration context, the critical concern is
that wage comparisons between migrants and non-migrants overstate the causal effects
of migration on wages and black-white relative wages. A conservative lower bound is
sufficient to assuage this concern while still conveying the magnitude of the wage effects
of northward migration. Finally, insofar as the causal effect of migration on wages was
nonnegative for whites, a lower bound on the black-white difference in wage effects is also
a lower bound on the wage effect itself for blacks.2 The results that I present below sug-
gest that, however migration affected wages for whites, it increased blacks’ wages by an
additional 36%, on average between 1940 and 1970, implying that northward migration
increased wages for blacks by at least this amount during the period that I study.
The theoretical results in this paper relate to a large literature on sample selection

problems, beginning with Roy’s (1951) ‘Some Thoughts on the Distribution of Earnings,’
and including important papers on the econometrics of sample-selection, truncation and
regime switching (see Tobin, 1958; Heckman, 1976, 1979; Amemiya, 1984). There is also
a large literature on the identification of the Roy model itself and of treatment effects
(and related objects such as the distribution of potential outcomes) from within a Roy-
model framework (Heckman and Honoré, 1990; Eisenhauer et al., 2015; D’Haultfoeuille
and Maurel, 2013b,a).
I develop the basic lower-bound identification argument in Section 2. In Section 3, I

apply the argument to interpret racial differences in regional wage differentials as lower

1In addition, differencing the causal effect will remove the components of that effect that reflect regional
price differences (as Smith and Welch, 1989 caution they might), to the extent that those differences are
similar for blacks and whites.
2The sizes of the North-South wage differentials for whites (which are on the order of 30%, as I show
below) coupled with what we know about the relatively industrial North suggests that the observed
differentials cannot be explained by selection alone.
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4 J. R. Gardner

bounds on the causal effects of migration on wages, and compare those bounds to the
results of standard point estimators. I conclude in Section 4.

2. MODEL

Let r ∈ {b, w} index race, l ∈ {s, n} index the choice of residential location in the South
or the North, and x denote a vector of observed covariates that are realised before the
migration decision is made (or otherwise unaffected by that decision).3 Let yl denote the
potentially counterfactual wage that an individual would receive in location l, so that
the observed wage can be expressed as y = ys1(l = s) + yn1(l = n), where 1(·) is the
indicator function.
Let v denote the net utility benefit accruing to a southern-born individual from migrat-

ing to the North, and suppose that individuals migrate if v ≥ 0 and remain in the South
otherwise. The benefit v should be interpreted as reflecting the net benefit to migrating
arising from all sources. For example, this benefit might include the wage gain yn − ys
(or the expected utility of this gain), non-pecuniary benefits to migrating (including re-
gional amenities as well as, for blacks, the non-wage value of reduced discrimination in
the North), the financial cost of migrating (which may depend on an individual’s skill
or ambition as well as both their origin and prospective destination), the psychological
costs associated with leaving behind friends and family, and so on.4 The identification
argument developed below uses racial variation in the probability of migrating to bound
the causal effect of migration on wages. The probability of migrating depends on the
distributions governing the benefits v from migrating, which may be heterogeneous with
respect to race and, potentially, a set of observed covariates. To model this potential
heterogeneity tractably, I make the following assumption.

Assumption 2.1. The race- and covariate-specific distributions of v belong to the same
location-scale family, indexed by location parameters µrx and scale parameters σrx, for
r ∈ {b, w} and x ∈ supp(X).

Assumption 2.1 implies that the race- and covariate-specific benefits can be expressed in
terms of a common random variable ε, drawn from the standard member of the location-
scale family (that is, the member with location parameter 0 and scale parameter 1),
as

vrx = µrx + σrxε.

Consequently, a member of race r with covariates x will migrate if ε ≥ −µrx/σrx and
remain in the South otherwise. To connect this decision rule with observed racial differ-
ences in migration rates, note that a higher migration rate among blacks than whites

3Although it is common in the literature on the Great Migration to model the migration decision as
a binary choice between remaining in “the South” or migrating to “the North,” in reality the decision
problem facing southerners was more complex. Because those originating from any location (state or city,
say) in the South could potentially migrate to any other location in the South or North, in principle one
could identify the wage effect for each origin-destination pair. Knowledge of these pair-specific effects
would allow one to examine origin-destination-pair heterogeneity in the effects of migration, possibly
helping to identify the underlying mechanisms through which migration increased (or failed to increase)
wages. However, origin-destination-specific effects would be difficult to interpret without aggregating
them to form an average wage effect (which is what methods that treat the migration choice as a binary
decision identify).
4In this sense, the model can be viewed as a generalised or extended Roy model, such as those studied
in Heckman et al. (2006) and D’Haultfoeuille and Maurel (2013b).
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with covariates x implies that

−µbx

σbx
< −µwx

σwx
.

As Smith and Welch (1989) note, the sizes of the North-South wage differentials for
both blacks and whites raise the concern that the decision to migrate is positively cor-
related with factors such as unobserved skill that help determine wages, in which case
observed wage differentials may overstate the causal effects of northward migration on
wages. Assumption 2.2, below, provides a simple way of capturing this potential depen-
dence.

Assumption 2.2.

E(yl|r, x, ε) = αlrx + βlrxε,

with βlrx ≥ 0 for each l ∈ {s, n}, r ∈ {b, w}, and x ∈ Supp(X).

Assumption 2.2 is a natural way of modelling concern about positive selection into mi-
gration. It requires that the counterfactual wages an individual would earn in either the
South or the North are (linearly) increasing in the net benefit that would accrue to that
individual were they to migrate, whatever the source of that benefit may be. For exam-
ple, wages in both locations may depend on unobserved skills such as cognitive ability,
physical strength, or work ethic. If the returns to these skills are greater in the North, or
if these skills make migration less costly, those who stand to gain the most by migrating
North would earn relatively high wages in either location.5 At the same time, Assump-
tion 2.2 allows for the possibility that the relationship between counterfactual wages and
the benefits from migrating differ by race (and by covariates), for example if blacks of
all skill levels are attracted to the relatively tolerant North, attenuating the relationship
between migration and unobserved skill.
Similar assumptions have been made elsewhere in the literature on sample selection

problems (see, e.g., Wooldridge, 2002, Assumption 17.1). In fact, when ε, ys and yn
are drawn from a multivariate normal distribution, the linearity of Assumption 2.2 is
automatic (and the model reduces to a switching or Type-5 Tobit model; see Amemiya,
1984). More generally, Assumption 2.2 can be viewed as a first-order approximation to
a potentially non-linear conditional expectation function.

2.1. Identification

Under the present model, the observed difference between migrants and non-migrants of
race r and covariates x can be expressed as

E(y|l = n, r, x)− E(y|l = s, r, x) = E(yn|n, r, x)− E(ys|s, r, x)
= E(yn − ys|n, r, x) + [E(ys|n, r, x)

− E(ys|s, r, x)], (2.1)

5One limitation of this model is that it remains tacit about the underlying determinants of counterfac-
tual wages and the migration decision, other than allowing that they may be related. One one hand, this
makes it difficult to use the structure of the migration decision to make inferences about the causal effects
of migration on wages. On the other hand, it allows migration to be modelled as a utility-maximising
decision without placing strong restrictions on the migration decision itself (such as the utility function
that the migration decision maximises, the arguments to that function, etc.).
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6 J. R. Gardner

where I have used “s” and “n” as shorthand notation for conditioning on the events “l =
s” and “l = n,” respectively. The first term in (2.1) is the average effect of the treatment
on the treated, or ATT. This is the causal effect of interest; it represents the average
difference between northern and southern counterfactual wages for those who choose
to migrate. The second term in (2.1) is the source of concern that wage comparisons
between migrants and non-migrants might be contaminated by selective migration. It
represents selection bias arising because the counterfactual wages that migrants would
have earned had they remained in the South might be systematically different than the
observed wages of those who did, in fact, remain in the South.
Under Assumptions 2.1 and 2.2, (2.1) can also be expressed as

E(y|n, r, x)− E(y|s, r, x) = E

󰀕
yn − ys|ε ≥ −µrx

σrx
, r, x

󰀖
+

󰀗
E

󰀕
ys|ε ≥ −µrx

σrx
, r, x

󰀖

− E

󰀕
ys|ε < −µrx

σrx
, r, x

󰀖󰀘

=

󰀗
(αnrx − αsrx) + (βnrx − βsrx)E

󰀕
ε|ε ≥ −µrx

σrx

󰀖󰀘

󰁿 󰁾󰁽 󰂀
ATTrx

+ βsrx

󰀗
E

󰀕
ε|ε ≥ −µrx

σrx

󰀖
− E

󰀕
ε|ε < −µrx

σrx

󰀖󰀘

󰁿 󰁾󰁽 󰂀
Biasrx

. (2.2)

As in (2.1), the first bracketed term in (2.2) represents the ATT while the second rep-
resents selection bias. Equation (2.2), however, uses the structure of the Roy model of
migration to clarify the source of the selection bias: since βsrx ≥ 0 by assumption, mi-
grants, for whom the net benefit ε of migrating is relatively large, would earn higher
wages even if they remained in the South.
Research designs based on conditional independence (alternatively, unconfoundedness

or ignorability; see Rubin, 1974) assume that counterfactual outcomes (ys and yn here)
are independent of treatment assignment (the migration decision here) conditional on a
set of observed covariates. Were this the case in the present context, the location-, race-
and covariate-specific intercepts αlrx would absorb the correlation between counterfactual
wages and the net benefit of migrating, the slope coefficients βlrx and hence bias terms
would vanish, and wage comparisons between migrants and non-migrants would identify
the race×covariate-specific wage effects of northward migration. However, the large re-
gional wage differentials documented here and elsewhere persist even after controlling for
observed measures of labor-market skill, raising the spectre of selective migration, even
conditional on a rich set of covariates.
While both migration rates and observed North-South wage differentials were large for

whites and blacks alike during the Great Migration period, the fact that blacks migrated
at substantially larger rates than whites suggests a strategy for bounding bias arising
because of selective migration. The intuition behind this approach is that if migration
was more selective among whites (in the sense that fewer whites migrated), then we might
expect the bias due to selective migration to be larger for whites as well. If this is the case,
then subtracting the North-South wage differential for whites from that same differential
from blacks, in effect, over-controls for selection bias among blacks. In this case, the
black-white difference in North-South wage differentials represents a lower bound on the

c© Royal Economic Society 2019
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black-white difference in the average effect of migration on migrants’ wages (the ATT).
Moreover if, as the sizes of the observed regional wage differentials for whites and what
we know about the relatively industrialised North suggests, the ATT is nonnegative for
whites, the black-white difference in ATTs also represents a lower bound on the ATT
itself for blacks.
To formalise this intuition, consider the black-white difference in North-South wage

differentials which, following the above, can be decomposed into differential ATT and
bias terms according to

[E(y|n, b, x)− E(y|s, b, x)]− [E(y|n,w, x)− E(y|s, w, x)]
= (ATTbx −ATTwx) + (Biasbx − Biaswx). (2.3)

From (2.2), the differential bias term in (2.3) will be negative (and the racial difference
in regional wage differentials will bound the racial difference in ATTs from below) if

βsbx

βswx
≤ E (ε|ε ≥ −µwx/σwx)− E (ε|ε < −µwx/σwx)

E (ε|ε ≥ −µbx/σbx)− E (ε|ε < −µbx/σbx)
. (2.4)

An additional assumption simplifies the analysis below.

Assumption 2.3. βsbx ≤ βswx.

What Assumption 2.3 requires is that counterfactual wages in the South and the net
benefit of migrating are less correlated for blacks than for whites.6 Insofar as both blacks’
and whites’ migration decisions were made at least in part with respect to potential wage
gains, this assumption is consistent with observed racial differences in migration rates.
It is also consistent with what we know about economic discrimination against blacks in
the South and about how racial wage gaps vary with observed measures of skill such as
education during the Great Migration period.7

Because, under Assumption 2.1, a higher migration rate among blacks with covariates
x than observably similar whites implies that −µbx/σbx < −µwx/σwx, Assumption 2.3
implies that the right-hand side of inequality (2.4) can be replaced with one, in which
case a sufficient condition for (2.4), and hence a sufficient condition for the black-white
difference in North-South wage differentials to identify a lower bound on the black-white

6Another way to see this is to think of Assumption 2.2 as requiring that E(yl|l, r, x, v) = α̃rx + β̃rxv =

(α̃rx + β̃rxµrx) + (β̃rxσrx)ε = αrx + βrxε, so that a one standard deviation increase in v increases
southern wages less for a black worker than for an observably-identical white one.
7Because Assumption 2.3 places restrictions on the relationship between potentially counterfactual
wages in the South and the unobserved determinants of the migration decision, it is not directly testable.
However, a simple measure can provide some evidence on whether observed wages in the South are
consistent with the assumption. To see this, note that under Assumption 2.2, counterfactual wages can be
written ylrx = αlrx+βlrxε+ulrx, where ulrx is uncorrelated with ε. Thus, V (y|l = s, r, x) = β2

lrxV (ε|ε <
−µrx/σrx) + V (ulrx). Also note that, by Proposition 1 of Heckman and Honoré (1990), if the density
function for ε is log concave (convex), i.e., log fε is concave (convex), then V (ε|ε < ε̂) is increasing
(decreasing) in ε̂ and that a greater migration rate for blacks implies that −µbx/σbx < −µwx/σwx.
Suppose for the moment that V (ulbx) = V (ulwx) for all l and x. In this case, if ε is log concave,
V (y|s, b, x) > V (y|s, w, x) implies that βsbx > βswx (i.e., violations of the assumption are testable).
Similarly, if ε is log convex, V (y|s, b, x) < V (y|s, w, x) implies that βsbx < βswx (i.e., the assumption itself
is testable). When V (ulrx) differs between blacks and whites, this heuristic test does not apply. However,
concern that observed wages are highly contaminated with selection effects are implicitly concerns that
the factors that contribute to migration are important determinants of wages, so that V (ulrx) is small
compared to V (ε|ε < −µrx/σrx), which provides a justification for applying the heuristic test anyway.
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8 J. R. Gardner

difference in ATTs, is that

d

dε̂
[E(ε|ε ≥ ε̂)− E(ε|ε < ε̂)] ≥ 0 (2.5)

on ε̂ ∈ (−µbx/σbx,−µwx/σwx). The identification of a lower bound on group difference
in ATTs then becomes a question of whether (2.5) is likely to hold. The following result
establishes two classes of distributions for which this property holds over some subset
of the support. Moreover, and as I discuss below, the distributions used in standard
theoretical and econometric models fall into one of these classes.

Proposition 2.1. Suppose that ε is distributed over [L,∞] with density f satisfying
limε→∞ f = 0. Then:

1 If E(ε|ε ≥ ε̂) is convex and E(ε|ε < ε̂) is concave, there exists an ε∗ such that

d

dε̂
[E(ε|ε ≥ ε̂)− E(ε|ε < ε̂)] ≥ 0

for all ε̂ ≥ ε∗. If f is symmetric, then ε∗ is the mean. If the mean exceeds the
median, then ε∗ is less than the median.

2 If f is log convex and f ′ ≤ 0 for all ε,

d

dε̂
[E(ε|ε ≥ ε̂)− E(ε|ε < ε̂)] ≥ 0

for all ε̂.8

In Appendix 5, I show that the conclusions of Proposition 2.1 can also be derived from
more fundamental restrictions on the underlying density functions (these restrictions,
which amount to requiring that the log of the density becomes less concave as the den-
sity itself is decreases, are closely related to the log concavity condition that Heckman
and Honoré, 1990 show is pivotal for identification of the canonical Roy model). How-
ever, the usefulness of the proposition hinges on whether it is reasonable to believe that
the distributions of the unobserved determinants of counterfactual wages and migration
belong to one of its classes. Figures 1 and 2 show that the distributions used in com-
mon theoretical and econometric models of sample selection, truncation, discrete choice,
duration, and reliability fall into one of these classes. The first figure shows the left-
and right-truncated expectations, and their difference, for parameterisations of the nor-
mal, logistic, uniform, gamma, Weibull, exponential and logistic distributions. For each
of these distributions, the left-truncated expectation is convex, the right-truncated ex-
pectation is concave, and there is a point in the support beyond which the difference
in truncated means is increasing. The second figure shows the same functions for (in
some cases, different) parameterisations of the gamma, Weibull, Pareto, and lognormal
distributions. With the exception of the lognormal, each of these distributions belongs
to the second class defined in the proposition. For each distribution, the left- and right-
truncated expectations are concave and the difference in truncated means is increasing
on the entire support.9

8A function is log convex (concave) if its log is convex (concave).
9The lognormal density is neither log concave nor log convex on its entire support (Bagnoli and
Bergstrom, 2005), and is not everywhere decreasing. Nevertheless, the difference in truncated means
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The key implication of Proposition 2.1 is that the black-white difference in regional
wage differences identifies a lower bound on the black-white difference in the causal effects
of migration on wages (and the ATT itself for blacks if the ATT for whites is nonnegative)
under distributional assumptions that are considerably weaker than those used in stan-
dard sample selection and other econometric models. If the net benefits ε of migrating
are drawn from any distribution satisfying the conditions of the proposition, the racial
difference in regional wage differences will identify a lower bound on the racial difference
in ATTs as long as the group-specific migration thresholds −µrx/σrx, r ∈ {b, w}, are
sufficiently large or, equivalently, that the race- and covariate-specific probabilities of
migrating are sufficiently low. A natural starting point for modelling the net benefits of
migrating is to assume that they are drawn from a symmetric member of the first class
of distributions given in Proposition 2.1 (for example, both a logit or probit model of
the migration decision satisfy this assumption).10 In this case, the proposition implies
that the black-white difference in regional wage differentials bounds the racial difference
in ATTs from below as long as −µrx/σrx ≥ 0 for r ∈ {b, x}—i.e., that less than half of
southern-born blacks and whites with covariates x migrate to the North.11

If, instead, the distribution of the net migration benefits were drawn from a member of
the first class of distributions that is right skewed in the (informal) sense that its mean
exceeds its median (for example, if they follow a lognormal distribution), the lower-
bound identification argument would apply at even smaller values of −µrx/σrx, and thus
migration rates in excess of .5. Indeed, if they were drawn from a member of the second
class of distributions in Proposition 2.1, the lower-bound identification argument would
apply at any migration rate. Consequently, a migration rate of .5 can be considered a
conservative condition for the lower-bound identification argument.

3. BOUNDING THE WAGE EFFECTS OF THE GREAT MIGRATION

Although the results above recover bounds on the racial differences in ATTs conditional
on a set of observed covariates, the identification argument can also be applied without
covariates in order to bound the unconditional black-white difference in the causal effects
of migration on wages.12 Accordingly, I begin by using the identification results to obtain

for its second parameterisation is everywhere increasing, showing that the conditions of Proposition 2.1
are sufficient but not necessary.
10Strictly speaking, the ε represent ‘standardised’ benefits from migrating, although the actual benefits
vrx = µrx + σrxε will inherit the convexity of ε. Also note that since log concavity is preserved under
linear transformations, the vrx will have the same log concavity as ε (Bagnoli and Bergstrom, 2005).
11Note that if race were replaced with time, the same argument could be applied to the temporal
difference in differences [E(y|l = 1, t = 1)− E(y|l = 0, t = 1)]− [E(y|l = 1, t = 0)− E(y|l = 0, t = 0)] to
recover a lower bound on the change in the ATT over time. Along similar lines, if wages and migration
were observed for both races at different time periods and the migration rate were stable for one of the
races, the fuzzy difference-in-differences setup developed in de Chaisemartin and D’Haultfoeuille (2017)
could be used to estimate the ATT itself (I thank an anonymous referee for making these observations).
12While conditioning on covariates is essential in research designs predicated on an assumption of se-
lection on observables, in quasi-experimental research designs, this is often not the case. For example,
in a typical difference-in-differences design that compares temporal changes in outcomes between the
treatment and control groups, it is not necessary to condition on observed covariates as long as the
pre-treatment evolution of outcomes for the treatment and control groups follow parallel paths. Under
the identification results developed above, the situation is much the same. The lower-bound approach
uses racial variation in the probability of migrating to bound the selection bias present in wage com-
parisons between migrant and non-migrant blacks. As long as the requirements for identification hold
unconditionally, the procedure can be used to bound the group difference in ATTs without conditioning
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10 J. R. Gardner

population-average bounds on racial differences in the effect of northward migration on
wages.
As Proposition 2.1 shows, as long as the race-specific migration rates are not too large,

the selection bias component of the North-South wage differential will be decreasing in
the migration probability, in which case a larger black migration rate implies the black-
white difference in North-South wage differences will bound the black-white difference
in ATTs from below. Following the discussion of the proposition, migration probabilities
less than one half are likely sufficient to satisfy this requirement (this is conservative;
if the distributions of the benefits from migrating are skewed right, the lower bound
argument applies at even higher migration rates).
To provide evidence that the data are consistent with this condition, Figure 3 plots

northward migration rates by year of birth for southern-born black and white men who,
to avoid age effects, were at least 30 years old when surveyed. The data for this graph,
and all further results in this section, are based on 1% Integrated Public Use Microdata
Samples (IPUMS) of the 1940-1970 US Censuses (Ruggles et al., 2010), from which I
include only southern-born black and white men aged 16-64.13 For birth years prior to
1880, the sample sizes are small and the estimated migration rates are imprecise for men
of both races. Past 1880, as the figure shows, black migration rates dominate white rates
at all birth years, and exhibit a steeper trend. For example, a white man born in the
South around 1940 had about a 20% chance of migrating to the North, while his black
counterpart had about a 35% chance. Table 1 presents pooled and decade-specific linear
models of the probability of migrating. On average between 1940 and 1970, the black
migration rate of 23% was nearly twice as high as the white rate of 12%, with similar
group differences within decades.
Figure 3 and Table 1 show that blacks migrated at significantly higher rates than

whites, while both groups migrated with probability less than one half, suggesting that
the data are consistent with the requirements of the identification argument. To apply
the argument, in Table 2 I present regression estimates of the black-white difference in
North-South log wage differences.14 Consistent with previous evidence on the wage ef-
fects of the Great Migration, the regressions evince large wage differentials for migrant
whites and even larger differentials for migrant blacks, both across and within decades.
On average between 1940 and 1970, for example, white migrants’ wages were about 28%
greater than whites who remained in the South. For southern-born blacks, the North-
South wage gap exceeded the white gap by an additional 36%. Applying the lower-bound
identification argument, the difference-in-difference estimates in Table 2 (i.e., the coeffi-
cients on Black*North) suggest that, whatever effect it had on whites’ wages, migration
increased blacks’ wages by at least an additional 36%. The decade and race-specific re-
gional wage differentials are similar. In addition, under the hypothesis that the causal

on observed covariates (in this case, ε represents the contribution of unobserved factors to the net benefit
of migrating as well as factors that are in principle observable).
13I classify states as southern using the Census Bureau’s definition of the South: Alabama, Arkansas,
Delaware, Florida, Georgia, Kentucky, Louisiana, Maryland, Mississippi, North Carolina, Oklahoma,
South Carolina, Tennessee, Texas, Virginia and West Virginia are southern states. I define the North as
any other state in the US. Although the Great Migration started well-before 1940, that decade is the
first for which individual-level wage data are available.
14The wage measure consists of all income from wages and salary in the year before enumeration (this
variable is named INCWAGE in the IPUMS dataset). The self-employed are included but business and
farm income are not. All wages are inflated to 1999 dollars using the CPI weights supplied with the
IPUMS. To focus on men working-age men, I restrict the sample to those aged 16-64.
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effect of migration on whites’ wages was, at worst, zero, these lower bounds on the black-
white differences in ATTs can also be interpreted as lower bounds on the ATT itself for
blacks. The implied bound of 36% agrees well with the first-differenced estimate, reported
by Collins and Wanamaker (2014), of 63 log points for black men who migrated between
1910 and 1930, suggesting that the difference in differences recovers a (comfortingly)
conservative lower bound on the average effect of migrating on black migrants’ wages.

3.1. Covariate-specific effects

The unconditional difference-in-difference estimates presented in Table 2 can be inter-
preted as lower bounds on racial differences in the effects of migration on wages, averaged
over both observed and unobserved determinants of wages and migration. To examine
how racial differences in the wage effects of migration vary with respect to observed
characteristics, I apply the identification argument conditional on several observed cor-
relates of skill. As a starting point, I stratify the sample into men above and below 40
years old. Columns (1) and (2) of Table 3 replicate the migration-rate regressions for
these subsamples (for simplicity, these regressions and the log wage regressions discussed
below use pooled samples from all Census decades, although they include race-specific
year fixed effects). The estimates show that, within these age strata, blacks migrated at
higher rates than whites, but both groups migrated with probability less than one half.
The corresponding columns (1) and (2) of Table 4 present age-group-specific difference-
in-difference log wage regressions. The estimates imply that migration had a slightly
greater impact on black-white relative wages for younger men (a 38% racial difference)
than older men (a 33% difference), on average across the sample period. Column (3)
of Table 3 shows that the required restrictions on migration rates also hold after con-
ditioning on a full set of race- and year-specific indicators for membership in five-year
age groups. The corresponding difference-in-difference log-wage estimate from Table 4
implies that the across-age-group average effect of migration on wages is 31% higher for
blacks than for whites.15

To examine how education affects racial differences in the wage impacts of migration,
I repeat the previous exercise for education, stratifying the sample into men with and
without a high-school education. Columns (4) and (5) of Table 3 show that, within
these educational strata, blacks were more likely to migrate, and the migration rate
was less than one half for both groups. The difference-in-difference estimates in the
corresponding columns of Table 4 imply that migration had a greater impact on the
relative wages of less educated black men.16A potential caveat to this conclusion is that
education may have been part of the mechanism through which migration increased
wages, for example if higher educational quality or returns to education in the North

15The reason that this estimated average bound is smaller than the one presented in column (1) of Table
2 is that white migration rates are significantly smaller conditional on age (as Table 3 shows). Because,
as Figure 1 illustrates, selection bias may decrease more rapidly with the migration probability when
that probability is low, conditioning on age produces a more conservative lower bound on the black-
white difference in ATTs. Note that, if the effect of migration varies with covariates, specification (3) of
Table 4 identifies the racial difference in age-group specific average ATTs, weighted by the variance of a
migration indicator conditional on the covariates (see Angrist and Krueger, 1999, Section 2.3).
16The estimates in column (6), which include a set of race- and year-specific educational attainment
controls, can be interpreted as lower bounds averaged across all education strata. The educational at-
tainment controls include indicators for having less than six, between six and eleven, exactly twelve, or
greater than twelve years of education.
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12 J. R. Gardner

encouraged younger migrants to obtain more education (unfortunately the Census data
do not identify the ages at which respondents migrated). In this case, conditioning on
education may understate or overstate racial differences in the wage impacts of migration,
depending on whether this mechanism is stronger for blacks or whites.
To explore occupational heterogeneity in the wage effects of the Great Migration, I

repeat the above analysis after dividing the sample into those working in non-farm and
farm occupations. Columns (7) and (8) of Table 3 show that the migration rate require-
ments are met within each of these subsamples. The corresponding columns of Table 4
suggest that the influence of migration on the wages of blacks relative to whites was about
the same for those in non-farm and farm occupations. However, since regional differences
in occupations are a potentially important channel through which migration increased
wages, the comparisons that these regressions perform are not ideal for understanding
racial differences in the effects of migration on wages. Illustrating this logic, column
(9) of Table 4 presents difference-in-difference wage regressions that include race- and
year-specific occupation and industry controls.17 The resulting difference-in-difference
estimate is substantially smaller than those for the previous specifications, implying that
changing the occupations and industries in which blacks were employed was an impor-
tant part of how the Great Migration increased their wages relative to whites (of course,
the estimates remain tacit about the extent to which these effects are a consequence
of industrial and occupational variation in productivity, racial discrimination, or other
factors).18

3.2. Comparison with point-identification approaches

For the purpose of comparison with the Roy-model bounds discussed above, I also present
race-specific point estimates of the effect of Northward migration on wages, obtained us-
ing standard point-identification methods. A natural starting point is to compare the
results of the lower-bound approach to those obtained under an unconfoundedness as-
sumption (Rubin, 1974), which holds that counterfactual wages in the North and South
are independent of migration status conditional on a set of observed covariates. A prac-
tical challenge to using unconfoundedness to identify the effect of migration on wages
during the Great Migration period is that the choice of conditioning variables is not obvi-
ous. While concern that migrants are selected in terms of unobserved skill might suggest
conditioning on observed indicators of skill such as education or occupation, as I discuss
above, these variables may themselves be outcomes of the migration decision. Arguably
the more serious challenge is the possibility that the unconfoundedness assumption is
violated by selection into migration on the basis of factors not observed in the data that
also affect counterfactual wages. Keeping these challenges in mind, for the purpose of this
exercise I assume that migration and wages are unconfounded conditional on education
and age.
I use an inverse probability weighting approach to estimating the effect of migration

17These controls consist of indicators for membership in one-digit occupation groups defined as
int(OCC1950/100) and int(IND1950/100) where int(x) is the largest integer less than x and OCC1950
and IND1950 are 1950 occupation and industrial classifications provided by the IPUMS Census samples.
18Note that, as column (9) of Table 3 shows, conditioning on occupation and industry does not sub-
stantially reduce the estimated migration rate for whites, implying that the lower difference-in-difference
estimate is not a consequence of more selective migration among whites within occupational and indus-
trial strata.
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on wages under unconfoundedness. To implement this approach, I estimate race-specific
propensity scores using logit models of Northward migration as functions of the full sets
of indicators for age and educational attainment detailed above (as well as year effects for
the pooled samples of all Census decades). I then regress observed wages in the North and
South on age and education (and, for the pooled samples, year) effects, weighting each
untreated observation by the ratio of its propensity for being treated to its propensity
for being untreated. The ATTs are estimated as the implied difference between wages
in the North and South, averaged according to the covariate distribution for migrants.
The motivation for this doubly-robust estimator is that it will consistently estimate the
average effect of the treatment on the treated if either the regression function or the
propensity score is correctly specified (see Hahn, 1998 for reweighting estimates of the
ATT and Bang and Robins, 2005 for a discussion of doubly robust estimators).
The resulting estimates are presented in the top panel of Table 5. I focus on pooled

estimates, though the table also includes decade-specific effects. The inverse-probability-
weighted results imply that northward migration increased wages by about 43 log points
for blacks and 18 log points for whites. The corresponding unconditional OLS point
estimates from Table 2 are significantly larger, at about 64 log points for blacks and
28 for whites (with a difference in differences of 36). Viewed as a lower bound on the
effects of the Great Migration on blacks’ wages, the difference in difference estimate of
.36 presented in Table 2 compares favourably to the weighted estimate of .43 (as do the
across-covariate averages in Table 4), supporting the idea that the Roy-model argument
identifies a lower bound. The identification results presented above also imply that the
difference in difference estimate of .43 can be interpreted as a lower bound on the black-
white difference in ATTs, which exceeds the black-white difference in weighted regression
estimates of .25. However, while an obvious explanation for why the inverse-probability-
weighted point estimates from Table 5 are smaller than the OLS estimates from Table 2 is
that migrants were selected on age and education, another is that migration encouraged
educational attainment. If, as intuition suggests, the effect of migration on educational
attainment were stronger for blacks, conditioning on education in order to estimate the
effect of migration under unconfoundedness would understate the ATT for blacks as well
as the black-white difference in ATTs, in which case the lower-bound approach would be
preferable.19

For further comparison, I also estimate the effects of migration on wages using a
parametric switching regression model of wages and the net benefit from migrating. To
implement this estimator, I assume that wages and the utility gain from migrating are
linear functions of age and education effects and (joint normally distributed) disturbance
terms. For simplicity, I also assume that age and education enter the wage function
independently of location, so that the effect of migration on wages is represented by a
simple intercept shift.20 In principle, an advantage of the switching regression approach
is that it relaxes the assumption of unconfoundedness by allowing for the possibility that
the disturbances in the wage and migration equations are correlated. In practice, this
flexibility poses its own challenges. Switching regression (and related) models are typically
estimated under the assumption that there is a regressor in the selection equation that

19This explanation is also consistent with how including covariates affects the difference-in-difference
estimates in Table 3.
20That is, I assume that the log wage for an individual with education level e belonging to age group a
is lnw = β0 + βe + βa + β1m+ u, where m is an indicator for migrating, m = 1(γ0 + γe + γa + ε > 0),
and (u, ε) are drawn from a bivariate normal distribution.
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can be excluded from the outcome equations. In the Great Migration context, it is difficult
to argue that any of the potential observable covariates satisfy this exclusion restriction
(if they did, the wage effect could be estimated by instrumental variables). However,
the model is identified even absent such an exclusion restriction, although in this case
identification is derived from distributional assumptions alone and, as I show below, the
resulting estimates appear to be sensitive to these assumptions.

The switching regression estimates are presented in the bottom panel of Table 5. The
point estimates of the coefficients on North imply that migrating North increased wages
by 92 and 36 log points for blacks and whites, respectively, on average between 1940 and
1970. These estimates are considerably higher than the corresponding simple OLS esti-
mates given in Table 2. Taken at face value, this comparison suggests negative selection
into migration among both blacks and whites—that low-counterfactual-wage individuals
were more likely to migrate, leading observed regional wage differentials to understate
the causal effect of migration on wages. However, the estimated migration effects vary
wildly across both racial groups and time, calling the specification and identification of
the model into question. In contrast, the Roy-model bounds presented previously, which
are also identified without an exclusion restriction but do not impose strong distribu-
tional assumptions, are stable over time and broadly consistent with both intuition and
the effects estimated under the unconfoundedness assumption.

4. CONCLUSION

It has long been known that the Great Migration played an important role in black rela-
tive economic progress during the 20th century. However, concerns about the possibility
of selective migration have called into question the causal interpretation of North-South
wage differentials, as well as racial differences in those differentials. To provide new evi-
dence on the causal effects of northward migration on blacks’ wages and black-white wage
convergence, this paper combines racial differences in migration rates with a Roy model
of migration and counterfactual wages to interpret black-white differences in North-South
wage differentials as lower bounds on black-white differences in the causal effects of mi-
gration on wages. The idea behind the identification argument is that more selective
migration among whites implies greater selection bias in regional wage comparisons for
whites, in which case subtracting regional wage differentials from whites from those for
blacks over-controls for the selection bias present in the black differentials, bounding the
racial difference in causal effects from below. Moreover, under the a posteriori plausible
hypothesis that migration did not decrease whites’ wages, the black-white difference in
wage impacts is itself a conservative lower bound on the average effect of migration on
black migrants’ wages.

These identification results, coupled with estimates of the racial difference in regional
wage differentials, imply that northward migration increased blacks’ wages by at least
36% more than whites’, on average between 1940 and 1970, and thus that migration
increased the typical black migrant’s wage by at least 36%. Covariate-specific estimates
suggest that these effects were slightly larger for younger and less educated blacks, al-
though the magnitudes of the effects are large across all covariate strata. Conditioning
on indicators for occupation and industry substantially reduce the estimated black-white
difference, suggesting that regional differences in industrial and occupational composition
were an important mechanism through which migration affected wages.

The estimated lower bounds compare favourably to point estimates of the effect of
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migration on wages estimated via inverse-probability-of-treatment-weighted regressions
motivated by an unconfoundedness assumption and via a switching regression model
of migration and wages, while circumventing the challenges associated with applying
these estimators. Although in principle these alternative approaches can point-identify
the treatment effects of interest, the requirements for their validity may not hold in some
applications. In the context of the Great Migration, it is unclear which, if any, of the
available variables should be included in the conditioning set for an identification strategy
based on unconfoundedness or used as exclusion restrictions for a switching-regression
approach.
While the theoretical and empirical results in this paper redouble the evidence that

migration increased blacks’ wages (both absolutely and relative to whites), the underlying
mechanisms through which it increased them remains a largely open question. Although
it is intuitive that regional differences in occupational and industrial composition are
an important channel through which migration affected wages, it is not obvious why
this channel matters differently for blacks and whites. Moreover, the remainder of the
wage effect may be a consequence of reduced discrimination in the North, race-specific
productivity effects, racial differences in the distribution of migrants throughout the
North, or other factors. Although it is beyond the scope of the current paper and the reach
of its methods, attempting to answer these questions suggests interesting and potentially
important avenues for future work on the Great Migration.
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5. APPENDIX A: PROOF OF PROPOSITION 2.1

Proof of Proposition 2.1: To prove the first part, note first that since E(a|a ≥ â) −
E(a| < â) is convex by assumption, if this difference is increasing at L, it is increasing on
the entire support. Otherwise, suppose that limâ→∞ dE(a|a < â)/dâ > 0. Then, since a
has infinite support, there exists an ε̂ such that E(ε|ε ≤ ε̂) > E(ε), a contradiction. Thus
limε̂→∞ dE(ε|ε < ε̂)/dε̂ = 0, and since dE(ε|ε ≥ ε̂)/dε̂ ≥ 0, there is a unique ε∗ at which
d[E(ε|ε ≥ ε̂)− E(ε|ε < ε̂)]/dε̂ = 0 and the difference in truncated means is minimised.
Next, write

d

dε̂
[E(ε|ε ≥ ε̂)− E(ε|ε < ε̂)] =

f(ε̂)

1− F (ε̂)

󰀣󰁕∞
ε̂

tf(t)dt

1− F (ε̂)
− ε̂

󰀤
− f(ε̂)

F (ε̂)

󰀣
ε̂−

󰁕 ε̂

L
f(t)dt

F (ε̂)

󰀤
.

At the median, ε̃, of ε, this expression becomes 4f(ε̃) [E(ε)− ε̃]. Thus, for f symmetric,
ε∗ = E(ε) = ε̃. Instead, if E(ε) > ε̃, d[E(ε|ε ≥ ε̂)− E(ε|ε < ε̂)]/dε̂ > 0 at ε̃, so ε∗ ≤ ε̃.
To prove the second part, note that f(ε) log convex with limε→∞ f = 0 implies that

1− F is log convex and that f ′ ≤ 0 for all ε implies that F is log concave (Bagnoli and
Bergstrom, 2005). But 1−F log convex implies dE(ε|ε ≥ ε̂)/dε̂ ≥ 1 while F log concave
implies dE(ε|ε < ε̂)/dε̂ ≤ 1 (see, e.g., Heckman and Honoré, 1990). Thus d[E(ε|ε ≥
ε̂)− E(ε|ε < ε̂)]/dε̂ ≥ 0 for all ε̂. ✷

APPENDIX B: THE CONVEXITY OF TRUNCATED EXPECTATIONS

A comparison of Figures 1 and 2 shows that distributions with log concave densities tend
to belong to the first class of distributions defined in Proposition 2.1 while those with log
convex densities tend to belong the the second class. For example, the normal, logistic,
and exponential densities are log concave, as are the gamma and Weibull densities when
their shape parameters exceed one. Figure 1 shows that these distributions have convex
(concave) right- (left-) truncated expectations. Similarly, the Pareto density is log convex,
as are the gamma and Weibull when their shape parameters are less than one. Figure
2 shows that these distributions have concave left- and right-truncated expectations.
The uniform and lognormal densities lie somewhere between these extremes; the uniform
density is both log concave and log convex while the lognormal density switches from log
concave to log convex.
Proposition A.1 shows that this pattern is not coincidental; while the log concavity

of the density is not sufficient for the convexity of the truncated expectation, these
properties are closely related.

Proposition A.1. Suppose that ε is distributed over [L,H] with density f and

d

dε

󰀏󰀏󰀏󰀏󰀏
[log f(ε)]

′′

󰀋
[log f(ε)]

′󰀌2

󰀏󰀏󰀏󰀏󰀏 ⋚ 0 when f ′(ε) ⋚ 0. (A.1)
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Then:

1 If f is log concave and limε→L f = limε→H f = 0, E(ε|ε ≥ ε̂) is convex and
E(ε|ε < ε̂) is concave.

2 If f is log convex and limε→H f = 0, E(ε|ε ≥ ε̂) is concave.

Noting its similarity to the measure of absolute risk aversion, what condition (A.1) re-
quires is that the log of the density become less concave as the density itself decreases.21

To illustrate the proposition, consider first the standard normal and logistic distributions,
both of which have log concave densities and, as Figure 1 shows, convex left- and concave
right-truncated expectations. The expression |(log f)′′/(log f)′2| evaluates to 1/ε2 for the
normal density and 2 exp(ε)/[1− exp(ε)]2 for the logistic density; both of these functions
are decreasing on ε > 0. For the log convex Pareto density with shape parameter β, this
expression is 1/(β + 1), which does not depend on ε; the left-truncated expectation is
linear.
The proof of Proposition A.1 relies on an extension of the Prkopa-Borell theorem

(Prékopa, 1971, 1973; Borell, 1975) due to Mares and Swinkels (2014).22 Define the local
ρ-concavity of g(c) at c by

ρg(c) = 1− g(c)g′′(c)

[g′(c)2]
.

The justification for this definition is that if the local ρ-concavity of g(c) at c is t, then
gt/t is linear at c. In showing that the local ρ-concavity of g can be used to bound the

local ρ-concavity of the function Ḡ(c) =
󰁕 1

c
g(t)dt, Mares and Swinkels (2014, Lemma 3)

provide the following lemma for an arbitrary, positive function g on the unit interval.

Lemma A.1. (Mares and Swinkels, 2014) If g(0) = 0 and ρg is monotone on some
interval [0, ĉ], then ρ󰁕 c

0
g(s)ds and ρg(c) share the same monotonicity on [0, ĉ]. If g(1) = 0

and ρg is monotone on [ĉ, 1], then ρ󰁕 1
c
g(s)ds and ρg share the same monotonicity on [ĉ, 1].

Proof of Proposition A.1: For the log concave case, I prove the result for E(ε|ε ≥ ε̂).
The convexity of −E(ε|ε < ε̂) follows by analogy. First, note that, since E(ε|ε ≥ ε̂) −
ε̂ = [

󰁕H

ε̂
1 − F (t)dt]/[1 − F (ε̂)] (this follows from integration by parts, see Bagnoli and

Bergstrom, 2005), we can write
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Since

ρ󰁕 1−F (ε̂) = 1−
f(ε̂)

󰁕H

ε̂
1− F (t)dt

[1− F (ε̂)]2
,

E(ε|ε ≥ ε̂) convex is equivalent to ρ′󰁕 H
ε̂

1−F
(ε̂) ≤ 0. By Lemma A.1, ρ′1−F (ε̂) ≤ 0 implies

21For an increasing utility function u, −u′′/u′ will be decreasing if −u′′/(u′)2 is (though the risk aversion
measure has to be renormalised when applied to log densities, which are not monotone increasing). The
proof relies on the concept, due to Mares and Swinkels (2014), of local ρ-concavity, which those authors
show is closely related to risk aversion. Note that there is no condition for the right-truncated expectation
in the log convex case because the curvature of this expectation is determined by the log concavity of
the distribution function, and many log convex densities have log concave distribution functions.
22See Caplin and Nalebuff (1991) for an introduction to ρ-concavity and the Prkopa-Borell theorem.
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ρ′󰁕 H
ε̂

1−F
(ε̂) ≤ 0. Because log concave densities are unimodal (see An, 1995), ρ1−F (ε̂)

′ ≤ 0

whenever ε̂ is less than or equal to the mode of ε, since

ρ1−F (ε̂) = 1− [−f ′(ε̂)][1− F (ε̂)]

[f(ε̂)]2
= 1 +

f ′(ε̂)[1− F (ε̂)]

[f(ε̂)]2

and, when f ′ > 0, f ′/f and (1−F )/f are positive and, by log concavity, they are always
decreasing.
When ε̂ exceeds the mode, so that f ′ < 0, we can apply Lemma A.1 once again in

order to infer the sign of ρ′1−F (ε̂) from that of ρ′f (ε̂). Noting that, since f is log concave,
it can be written f(ε̂) = exp[h(ε̂)] where h is a concave function,

ρf (ε̂) = 1− f ′′(ε̂)f(ε̂)

[f ′(ε̂)]2
= 1−

exp[h(ε̂)]
󰀋
exp[h(ε̂)]h′(ε̂)2 + exp[h(ε̂)]h′′(ε̂)

󰀌

{exp[h(ε̂)]h′(ε̂)}2
= − h′′(ε̂)

[h′(ε̂)]2
.

Since log concavity implies h′′ < 0, under the conditions of the proposition, −h′′/(h′)2

is positive and (weakly) decreasing, so ρf (ε̂)
′ ≤ 0, implying that ρ1−F (ε̂)

′ ≤ 0 and hence
ρ󰁕 H

ε̂
1−F (ε̂)

′ ≤ 0, establishing the result.

For the log convex case, note that if f is log convex then f ′/f is increasing and, since
f(H) = 0 implies that 1−F is also log convex (see Theorem 2 of Bagnoli and Bergstrom,
2005), (1 − F )/f is increasing as well. Thus, ρ1−F (ε̂), and consequently ρ󰁕 H

ε̂
1−F (ε̂) are

positive and increasing when f ′ > 0. When f ′ < 0, by the conditions of the proposition,
we have h′′/(h′)2 positive and decreasing, so that ρf (ε̂), ρ1−F (ε̂) and hence ρ󰁕 H

ε̂
1−F (ε̂)

are increasing, implying that E(ε|ε ≥ ε̂) is concave. ✷
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FIGURES AND TABLES

Figure 1. Distributions with convex (concave) left- (right-) truncated expectations
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Notes—Difference denotes E(a|a ≥ â) − E(a|a < â). Density formulae taken from Bagnoli
and Bergstrom (2005). Expressions for the left- and right-truncated moments of the normal,
logistic, gamma, Weibull and lognormal densities can be found in Arabmazar and Schmidt
(1982), Heckman and Honoré (1990), and Jawitz (2004). By direct calculation, if a ∼ U [0, 1]
then E(a|a ≥ â) = 1/2 + â/2 and E(a|a < â) = â/2. If a is exponential with rate parameter λ,
then it can be shown (integrate by parts and apply L’Hpital’s rule) that E(a|a ≥ â) = 1/λ+ â
and E(a|a < â) = 1/λ− â/(eλâ − 1) (see also Head, 2013).
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Figure 2. Distributions with concave truncated expectations
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Notes—Difference denotes E(a|a ≥ â) − E(a|a < â). Density formulae taken from Bagnoli
and Bergstrom (2005). Expressions for the left- and right-truncated moments of the gamma,
Weibull and lognormal densities can be found in Jawitz (2004). If a is Pareto distributed with
shape parameter β then it can be shown that E(a|a ≥ â) = βâ/(β − 1) and E(a|a < â) =
[β/(β − 1)](1− â1−β)/(1− â−β) (see also Head, 2013).
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Figure 3. Migration rates by year of birth
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Notes—Probability of living in the North, by birth year, for black and white men, aged
30 or later and born after 1850.

Table 1. Migration rates

All decades 1940 1950 1960 1970
Black 0.108*** 0.0569*** 0.120*** 0.130*** 0.126***

(0.00685) (0.00749) (0.00993) (0.00872) (0.00810)
Constant 0.117*** 0.130*** 0.166*** 0.193*** 0.187***

(0.00733) (0.00736) (0.00944) (0.0105) (0.0100)
Observations 517,361 133,059 45,130 162,833 176,339

Notes—Dependent variable is an indicator for living in the North. Pooled models include
decade effects. Sample consists of southern-born men greater aged 16-64 with nonzero
wages. Standard errors clustered on state-year of birth. *** p<0.01, ** p<0.05, * p<0.1.
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Table 2. Difference-in-difference regressions

All decades 1940 1950 1960 1970
Black -0.684*** -0.587*** -0.667*** -0.532***

(0.0153) (0.0219) (0.0183) (0.0177)
North 0.282*** 0.368*** 0.306*** 0.282*** 0.236***

(0.0210) (0.0274) (0.0327) (0.0368) (0.0421)
Black*North 0.362*** 0.325*** 0.400*** 0.388*** 0.338***

(0.0147) (0.0243) (0.0335) (0.0257) (0.0249)
Observations 384,818 83,198 32,479 125,706 143,435

Notes—Dependent variable is the log annual wage. Pooled models include race-specific
decade effects. Sample consists of southern-born men greater aged 16-64 with nonzero
wages. Wage is defined as all income from wages in the year before enumeration. Standard
errors clustered on state-year of birth. *** p<0.01, ** p<0.05, * p<0.1.

Table 3. Migration rates (with covariates)

(1) (2) (3) (4) (5) (6) (7) (8) (9)
Black 0.0836*** 0.145*** 0.109*** 0.0958*** 0.212*** 0.132*** 0.118*** 0.0702*** 0.103***

(0.00699) (0.00930) (0.00671) (0.00682) (0.0102) (0.00703) (0.00725) (0.00585) (0.00679)
Constant 0.108*** 0.139*** 0.0462*** 0.115*** 0.153*** 0.0373*** 0.143*** 0.0553*** 0.0987***

(0.00944) (0.0118) (0.0136) (0.00706) (0.0109) (0.00533) (0.00893) (0.00457) (0.0102)
Sample ≤40 >40 All ≤HS >HS All Non-farm Farm All
Age FEs Y
Education FEs Y
Occupation and Y
industry FEs

Observations 306,848 210,513 517,361 426,566 90,795 517,361 429,006 88,355 465,103
R-squared 0.017 0.025 0.027 0.018 0.036 0.029 0.018 0.019 0.055

Notes—Dependent variable is an indicator for living in the North. Pooled data for 1940-
1970. Sample consists of southern-born men greater aged 16-64 with nonzero wages. All
models include decade effects. Age effects consist of a set of indicators for five-year age
groups. Education effects consist of a set of indicators for having less than 6 years of
schooling, between 6 and 11 years of schooling, 12 years of schooling, or more than 12
years of schooling. Occupation and industry effects are indicators for membership in one-
digit industry and occupation codes (defined as the largest integer less than the original
three-digit 1950 industry and occupational classifications divided by 100). ⋛ 40 denote
indicators for being above or below 40 years old at the time of enumeration. HS is an
indicator for having 12 years of schooling. Standard errors clustered n state-year of birth.
*** p<0.01, ** p<0.05, * p<0.1.
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Table 4. Difference-in-difference regressions (with covariates)

(1) (2) (3) (4) (5) (6) (7) (8) (9)
North 0.282*** 0.253*** 0.212*** 0.328*** 0.109*** 0.261*** 0.260*** 0.469*** 0.277***

(0.0285) (0.00982) (0.00800) (0.0232) (0.0189) (0.0213) (0.0211) (0.0412) (0.0166)
Black*North 0.377*** 0.327*** 0.307*** 0.343*** 0.311*** 0.345*** 0.362*** 0.364*** 0.184***

(0.0192) (0.0138) (0.00998) (0.0165) (0.0203) (0.0145) (0.0147) (0.0631) (0.0116)
Sample ≤40 >40 All ≤HS >HS All Non-farm Farm All
Age FEs Y
Education FEs Y
Occupation and Y
industry FEs

Observations 233,320 151,498 384,818 308,370 76,448 384,818 370,305 14,513 374,807
R-squared 0.171 0.260 0.419 0.193 0.183 0.242 0.195 0.245 0.388

Notes—Dependent variable is the log annual wage. Pooled data for 1940-1970. Sample
consists of southern-born men greater aged 16-64 with nonzero wages. All models include
race-specific decade effects. Age effects consist of a set of indicators for five-year age
groups. Education effects consist of a set of indicators for having less than 6 years of
schooling, between 6 and 11 years of schooling, 12 years of schooling, or more than 12
years of schooling. Occupation and industry effects are indicators for membership in one-
digit industry and occupation codes (defined as the largest integer less than the original
three-digit 1950 industry and occupational classifications divided by 100). ⋛ 40 denote
indicators for being above or below 40 years old at the time of enumeration. HS is an
indicator for having 12 years of schooling. Standard errors clustered n state-year of birth.
*** p<0.01, ** p<0.05, * p<0.1.
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Table 5. Comparison to point estimators

Inverse probability weighting
All years 1940 1950 1960 1970

Black 0.433*** 0.494*** 0.518*** 0.456*** 0.368***
(0.00619) (0.0141) (0.0205) (0.0105) (0.0102)

N 87,413 21,259 8,037 28,612 29,505
White 0.183*** 0.202*** 0.229*** 0.207*** 0.140***

(0.00362) (0.00918) (0.0133) (0.00592) (0.00569)
N 87,413 21,259 8,037 28,612 29,505

Switching regression
All years 1940 1950 1960 1970

Black 0.918*** 0.683*** 1.020*** -0.883*** -0.837***
(0.0296) (0.0740) (0.0913) (0.0189) (0.0192)

Observations 87,413 21,259 8,037 28,612 29,505
White 0.364*** 0.413*** -1.321*** -1.102*** 0.239***

(0.0203) (0.0483) (0.0176) (0.00866) (0.0370)
Observations 297,405 61,939 24,442 97,094 113,930

Notes—Dependent variable is the log annual wage. Inverse probability weighting esti-
mates based on race-specific propensity scores estimated using a logit model of North-
ward migration as a function of membership in five-year age groups and education groups
(fewer than six, between 6 and 11, 12, or greater than 12 years of schooling), and for
the pooled estimates, year effects. Reported ATTs calculated by regressing the log wage
on interactions between age and education indicators and an indicator for migrating,
weighting untreated observations by the ratio of their propensities for being treated and
untreated, then calculating the implied difference in wages between the North and South,
averaged according to the distribution of covariates among migrants. Switching regression
estimates based on a model in which both the log wage and net benefit from migration
are linear functions of age and education effects and jointly normally distributed errors.
*** p<0.01, ** p<0.05, * p<0.1.
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