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Abstract
We show that both option and search theory suggest that workers should be less likely to migrate out of labor markets

in which there is greater uncertainty about future economic opportunities. The intuition for this result is that, the more

volatile the labor market, the greater the likelihood of such opportunities improving in the future. This result weakens

the standard prediction that workers should migrate out of markets experiencing relative economic downturns.
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1. Introduction

In traditional investment models of migration, workers move if the benefits of doing so exceed
the costs (these models date back at least to Sjaastad, 1962). According to this view, workers
are more likely to migrate away from locations experiencing declining economic conditions.
Here, we show that uncertainty about future economic conditions in the current location
mutes this prediction, intuitively by increasing the expected future payoff of remaining there.
Importantly, we show that this result is compatible with an option theory of migration, in
which workers choose the optimal time to exercise the option to migrate, and a search theory
in which workers continue to search for employment in their present location as long as the
relative benefit of searching exceeds the cost of migrating.

Though our parsimonious option and search models are largely standard (see Dixit and
Pindyck 1994 and Stokey 2009 for option models and Mortensen and Pissarides 1999 for
search models; our search model is a simplification of the setup used by Black 1995), they
differ from previous such models of migration in a few important ways. While many models
focus on wages, we assume that workers care about the overall quality of labor markets (which
may include non-pecuniary job aspects such as benefits, scheduling flexibility, the stability
of the firm, and the probability of employment itself). Though other studies have considered
uncertainty about economic conditions across locations (see Burda 1993 and O’Connell 1997
in the option context and Rogerson 1982, Gordon and Vickerman 1982, Maier 1985 and
Berninghaus and Seifort-Vogt 1991 in the search context), our models focus on the effect of
uncertainty about future opportunities in the current location on the decision to migrate to
an alternative location in which economic conditions are known.1

In the remainder of this paper, we show that both option and search views of the migration
decision predict that, other things equal, workers will be less likely to migrate away from
locations with greater uncertainty about future economic opportunities. Our purpose in this
paper is to show that this prediction can be motivated by both option and search theory (we
provide extensive empirical support for this prediction in Gardner and Hendrickson (2016)).
However, in Figure 1 we motivate our theoretical argument empirically using evidence from
2010 American Community Survey samples of working-age men with at least some college
(Ruggles et al., 2015). Showing that volatility and outmigration are negatively related,
the first panel plots rates of migration out of metropolitan areas against residuals from a
regression of the standard deviation of unemployment on the unemployment rate (within
metropolitan areas).

We caution that if the level and volatility of quality are correlated, other things will not
be equal, and rates of migration away from locations with relatively volatile quality may
not be manifestly lower (before controlling for the mean of quality, that is). The second
panel of the figure, which replaces the residual standard deviation of unemployment with
the standard deviation itself, illustrates this. The remaining panels of the figure show how
our argument attenuates the prediction of the standard model. Only after controlling for the
standard deviation of unemployment (panel 3) is there a clear positive relationship between

1Though we assume opportunities are known in the alternative location mainly for simplicity, this as-
sumption can be justified by noting that it is relative quality that workers care about. This assumption also
allows us to derive testable predictions about migration in terms of the quality of workers’ current locations,
which is observable (unlike that for an unknown set of alternative locations).
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Figure 1: Outmigration rates and the volatility and level of unemployment. Metropolitan
areas plotted in proportion to their size.

the unemployment rate and outmigration.

2. The option view

Let q(t) denote the quality in the local labor market that the individual can observe. Sup-
pose that an individual receives an instantaneous payoff that is linear in the quality of the
labor market. The individual is aware of an opportunity in a different location that pays a
perpetual dividend, w. However, moving entails a fixed cost, F . Finally, the quality of the
labor market follows a geometric Brownian motion:

dq

q
= µdt+ σdz, (1)

where µ < 0 is the expected rate of change in labor market quality, σ is the conditional
standard deviation, dz is an increment of a Wiener process (i.e. dz = ϵ

√
dt, where ϵ is drawn

from a standard normal distribution), and q(0) = q0.
Let V (q, q∗) denote the value to the worker in the current location given the current

state, q, and the threshold for labor market quality at which an individual will move, q∗.
Assuming that q0 > q∗, the value of the option to move can be written as2

V (q, q∗) = max
q∗

(
q

q∗

)β

︸ ︷︷ ︸

Stochastic Discount Factor

×
(
w

r
− F − q∗

r − µ

)

︸ ︷︷ ︸

Value of Option at Exercise

(2)

2For the derivation of this expression, see the Appendix.



where r is the discount rate, w/r is the present value of the perpetual dividend one receives
when moving, q∗/(r−µ) is the present value of the payoff the worker would get in the present
location if he or she never moved, and β < 0 is a function of the time series properties of
labor market quality shown in equation (1) and the discount rate. Note that the individual
faces a trade-off in determining the threshold for labor market quality. If the individual
chooses a low threshold, then the value of the option at exercise is larger than it would
be with a high threshold. However, a lower threshold implies that the individual will, on
average, have to wait longer to move. This effect reduces the present discounted value of
the option to move at exercise by reducing the stochastic discount factor. As a result of this
trade-off, the individual’s problem is to choose q∗ to maximize the value of the option to
move. The intuition is as follows. A lower threshold, q∗, increases the value of the option at
exercise, but reduces the present value of the option (because it tends to take longer to hit a
lower threshold). Thus, the worker must choose q∗ to optimally balance this trade-off. The
first-order condition is

q∗ =
β

β − 1
(r − µ)

(
w

r
− F

)

. (3)

As shown in the Appendix, β is a function of the volatility of labor market quality in the
current location, σ. As a result, q∗ is also a function of σ. Since comparative statics are
difficult to obtain analytically, we plot the relationship between q∗ and σ in Figure 1 using a
numerical example. As shown, when σ increases, the individual is willing to tolerate a lower
level of labor market quality. The intuition is that greater volatility in the quality of the
labor market implies a larger magnitude of positive shocks to quality, which are sufficient to
keep the individual in the market at lower levels of labor market quality than they would
otherwise.

3. The search view

In this section, we compare the preceding results with those from a simple job-search model.
Though they answer the same question, our option and search models differ in several ways.
While our option-theory approach models the evolution of labor market quality over time,
equilibrium search models typically assume that workers face stationary environments. Ac-
cordingly, in this section we compare the job search and migration behavior of workers in
labor markets that have adjusted to the same mean of quality, but differ in the volatility
of the quality of job offers. While our option approach assumes that the quality of a labor
market applies to all workers, heterogenous outcomes is a cornerstone of job search theory.
Thus, our search model assumes that the quality of job offers differs between workers within
local labor markets and that the equilibrium quality of the job offers that workers accept
varies across local labor markets. In contrast to our option model, in which workers choose
the quality q∗ at which they leave their local labor market in favor of the outside option, in
our search model, they first decide the quality at which they are willing to stop searching
within a given local labor market, then decide whether they should remain in that market
or search for employment elsewhere.

Suppose that, for every period of time that they search for a job, unemployed workers in
a particular labor market receive job offers of random quality q. To model variation across
local labor markets in the volatility of quality, assume that q is drawn from from a mean-zero
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Figure 2: The figure plots the relationship between q∗ and σ using a numerical example. For
the numerical example, w = 100, F = 100, µ = −0.01, and r = 0.05.

normal distribution with variance σ2. Our model explores how the job search and migration
decisions of workers in markets with identical mean quality change with the volatility, σ, of
the quality of the labor market.

Given an offer of quality q, the worker can either accept the job (and receive lifetime
quality q) or continue to search at cost c > 0. Thus, the value V of search is

V = Emax(q, V )− c.

Let r be the reservation quality at which a worker will accept a job and discontinue search
and let Φ and ϕ denote the standard normal CDF and PDF. With probability 1 − Φ(r/σ)
the worker accepts a job that offers expected quality E(q|q ≥ r) =

∫
∞

r
qϕ(q/σ)/{σ[1 −

Φ(r/σ)]}dq; with probability Φ(r/σ) the worker continues to search, which is valued at V ;
the cost c is incurred in either case. Thus, value of search can be written

V =

∫
∞

r

q
1

σ
ϕ
( q

σ

)

dq + Φ
( r

σ

)

V − c. (4)

Because the worker should accept any job offer with quality in excess of that associated with
searching, it must be that r = V . Collecting terms and rearranging, the reservation quality
must therefore satisfy

r =

∫
∞

r

q
ϕ(q/σ)/σ

1− Φ(q/σ)
dq − c

1− Φ(r/σ)
= E(q|q ≥ r)− c

1− Φ(r/σ)
. (5)



To provide an economic interpretation of (5), note that (bringing the second term inside the
integral) it can also be written r = E(q − c|q ≥ r), showing that the optimal reservation
quality is the expected net benefit of accepting a job.3

Under the assumption that q ∼ N(0, σ), we can also use standard results on the moments
of the truncated normal distribution (see Heckman and Honoré, 1990, Appendix A) to express
(5) as

r = E(q|q ≥ r)− c

1− Φ(r/σ)
= σλ

( r

σ

)

− c

1− Φ(r/σ)
, (6)

where λ(x) = ϕ(x)/[1−Φ(x)] > 0 for x ∈ R and, for future reference, λ′(x) = λ(x)[λ(x)−x].
Implicitly differentiating (6) with respect to σ gives

r′ = λ
( r

σ

)

+

{

σλ
( r

σ

) [

λ
( r

σ

)

− r

σ

]

− cϕ(r/σ)

[1− Φ(r/σ)]2

}(
σr′ − r

σ2

)

= λ
( r

σ

)

+ λ
( r

σ

)[

σλ
( r

σ

)

− r − c

1− Φ(r/σ)

](
σr′ − r

σ2

)

= λ
( r

σ

)

> 0,

where the first equality above follows from the definition of λ and the second from condition
(6). This envelope result states that, though an increase in σ increases the value of search
both by changing the shape of the quality distribution and by changing the reservation
quality itself, the second effect disappears when the reservation quality is chosen optimally.
An increase in the volatility of labor-market quality therefore increases the likelihood of
receiving a high-quality job offer in the future, and consequently the reservation quality at
which workers stop searching.4

We illustrate this result numerically in Figure 3. The figure plots the function E(q|q ≥
r) − c/[1 − Φ(r/σ)] for a series of mean-zero normal distributions with increasing standard
deviations. The equilibrium reservation qualities, which correspond to the intersections of
these functions and the 45-degree line, are monotonically increasing in the volatility, σ, of
the labor market.

To close the model, suppose that workers have the option of migrating to an outside labor
market offering reservation quality r0 at a random cost m. If m has distribution function F
and density f , then the probability that a worker migrates is P (r0 − r > m) = F (r0 − r).
By the preceding result,

dP (r0 − r > m)

dσ
= −f(r0 − r)r′ < 0.

Thus, an increase in the volatility of the labor market increases the likelihood that a worker
remains there.5

3Alternatively, (5) can be expressed E[(q − r)1(q ≥ r)] = c, where 1(·) is the indicator function—that
is, the optimal reservation quality equates the expected benefit of a job offer (which is either q − r or zero,
depending on whether the offer is accepted) with the cost of searching.

4Though we abstract away from differences in mean quality, it is straightforward to show that if q ∼
N(µ, σ2), r is increasing in mean quality µ. In this case, r = µ + σλ[(r − µ)/σ)] − c/{1 − Φ[(r − µ)/σ]},
so that dr/dµ = 1− λ′[(r − µ)/σ] + σ−1cφ[(r − µ)/σ]/{1− Φ[(r − µ)/σ]} > 0, where the inequality follows
because c > 0 by assumption and because 0 < λ′ < 1 (Heckman and Honoré, 1990).

5Our assumption that there is only one alternative labor market is for simplicity only; it is straightforward
to extend this result to the case of multiple outside markets.
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Figure 3: Equilibrium reservation quality as an implicit function of volatility. Reservation
qualities correspond to the intersections of E(q|q ≥ r) − c/[1 − Φ(r/σ)] and the 45-degree
line (for different values of σ).

4. Conclusion

Using both option and search approaches, we augment the investment theory of migration to
show that, other things equal, workers should be less likely to migrate away from more volatile
labor markets, softening the prediction of the traditional theory. Its compatibility with both
option and search theory lends credibility to our main result, which also has implications for
our understanding of migration behavior during economic downturns. While the empirical
analysis presented here and in Gardner and Hendrickson (2016) focuses on internal migration,
our theoretical results can also be applied to foreign and (as an anonymous referee has noted)
return migration; though beyond the scope of this paper, applying the theory to those settings
is a promising topic for further research.
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Appendix

The value of option to move is equal to the present value of the perpetual dividend from
moving less the fixed cost of moving and the present value of the opportunity cost of migra-
tion. Let V (q, q∗) denote the value of the option to migrate as a function of labor market
quality in the current market, q, and the quality threshold for moving, q∗. It follows that

V (q, q∗) = max
q∗

B(q)
︸︷︷︸

Stochastic Discount Factor

×
(
w

r
− F − q∗

r − µ

)

︸ ︷︷ ︸

Option Value at Exercise

(7)



where B(q) is a stochastic discount factor and the remaining terms are defined in Section 2
of the text.

Note that this expression is identical to equation (2) with the exception of the fact that
here, we have written the stochastic discount factor as an implicit function of labor market
quality in the current location and the threshold for moving. Thus, what we need to do
is show that B(q) = (q/q∗)β. To do so, consider a discrete time period of length ∆t. The
stochastic discount factor has the following recursive representation:

B(q, t) =
1

1 + ρ∆t
E[B(q′, t+∆t)], (8)

where r is the discount rate. Multiplying both sides by 1 + ρ∆t and re-arranging yields:

rB(q, t)∆t = E[B(q′, t+∆t)−B(q, t)]. (9)

Dividing both sides by ∆t and taking the limit as ∆t → 0 yields

rB(q) =
1

dt
EdB (10)

where dB = lim∆t→0E[B(q′, t+∆t)−B(q, t)]. Using Ito’s Lemma this can be re-written as

rB(q) =
1

dt
E

[
∂B

∂q
dq +

1

2

∂2B

∂q2
(dq)2

]

(11)

Substituting equation (1), taking expectations, and distributing dt, this can be re-written as

1

2
σ2q2

∂2B

∂q2
+ µq

∂B

∂q
− rB(q) = 0. (12)

Let’s guess that the solution to this equation is given as B(q) = Aqβ. Plugging this into
the equation above, we can verify that this is a solution if β is a solution to the following
quadratic equation:

1

2
σ2β2 +

(

µ− 1

2
σ2

)

β − r = 0 (13)

Since there are two possible values of β the second-order differential equation (12) is a
homogeneous linear equation, the solution can be written as a linear combination of the two
possible solutions:

B(q) = A1q
β1 + A2q

β2 , (14)

We can simplify this solution using economic theory. In particular, note that as q becomes
sufficiently large, the value of the option goes to zero. This implies that

lim
q→∞

B(q) = 0. (15)

Note from equation (13) that there will be one positive solution for β and one negative
solution. Let β2 denote the positive solution. For this condition to be satisfied, it must be
true that A2 = 0. Thus, dropping the subscripts for expositional convenience, this implies
that V (q, q∗) = Aqβ, where β < 0.



Furthermore, at the point of exercise, the individual will receive w/r − F − q∗/(r − µ).
It follows that B(q = q∗) = 1. This implies that A(q∗)β = 1, or A = (q∗)−β. Substituting
this into the solution for B(q) yields

B(q) =

(
q

q∗

)β

(16)

Plugging this into equation (7) yields equation (2) from the main text.
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