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Fruit and vegetable growers often allege a shortage of agricultural workers, but in a review of
the H2A nonimmigrant guestworker program the General Accounting Office claims that no such
shortage exists. The apparent shortage may be due to workers that are in the labor force but do
not choose to take agricultural jobs. According to real options theory, when nonagricultural jobs
are uncertain, workers require added incentive to invest in sectoral migration. Estimates of an
arbitrage model in monthly Washington state wage data show the labor-shortage probability to
be far greater than the probability of a surplus.
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Although a shortage of harvest workers is of
ten alleged by U.S. growers, a recently re
leased General Accounting Office (GAO) re
port finds that no such nationwide shortage
exists and, in fact, cites Labor Department
sources claiming that many of the nation's
most important agricultural areas have a sur
plus of labor. The Labor Department's con
clusions, however, rely on unemployment data
that have been shown to be unreliable (Mar
tin) and which the USDA criticize as being
nonrepresentative of local rural labor market
conditions. Furthermore, one can question
whether unemployment among all workers
truly represents a surplus of agricultural labor
(Barkley). To economists, the growers' notion
of a shortage implies an excess demand at the
prevailing wage-a situation which would
normally cause agricultural wages to be bid
up, thereby inducing an increase in the quan
tity of agricultural labor supplied until the
shortage disappears. However, this equilibra
tion process does not appear to be occurring
as static, neo-classical economic theory would
suggest.

Many empirical studies question the ability
of labor markets to clear between the agri
cultural and nonagricultural sectors. Although
Barkley shows that migration from agriculture
does respond to relative returns between sec
tors, he argues that " ... the flow of labor to
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higher wages does not take place instanta
neously ... " because there is some chance
that the migrant will not obtain a job in the
other sector. Hatton and Williamson (1991a)
find that 9% to 13% of the urban-farm wage
gap remains after correcting for differences in
personal characteristics, perks in agricultural
jobs, urban unemployment, and the cost of
living and they cite this as evidence that the
Michigan labor markets of the 1890s were not
integrated. However, defining integration in
terms of wage equality is unsatisfactory be
cause two markets can be integrated if wages
tend toward an equilibrium differential or re
lationship with another set of variables or are
cointegrated. Alston and Hatton interpret dif
ferences between wages in agriculture and
manufacturing in the early 1900s as evidence
of a prolonged disequilibrium, or nonintegra
tion, between these labor markets. Formal
cointegration tests provide empirical support
for their conjecture. However, Hatton and
Williamson (l991b) test the integration hy
pothesis with an error-correction model of his
torical farm-city wage gaps over a panel of
eight industrialized countries and fail to reject
integration after allowing for relative rates of
unemployment and a time trend. Using more
recent (1988) survey data, Perloff provides
empirical evidence that the elasticity of labor
supply between the nonagricultural and ag
ricultural sectors is very high-above 3.3 for
nonskilled workers, suggesting that worker
migration responds readily to price signals.

In the macroeconomics literature, the ap-
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parent unwillingness of labor to move be
tween sectors is attributed to sector-specific
demand shocks (Lucas and Prescott), worker
employer mismatches (Jovanovic and Mof
fitt), insider-outsider models of wage deter
mination (Blanchard and Fischer), and, more
recently, to hysteresis in worker's sectoral em
ployment choices (Dixit and Rob). The hys
teresis argument is particularly compelling for
farm-labor adjustment.

Hysteresis refers to the failure of a phe
nomenon to reverse itself once its initial cause
is removed (Dixit 1989, Cross). Here, hys
teresis means that agricultural workers, once
induced to move to the nonagricultural sector,
are hesitant to return even though the relative
returns to doing so may make such a move
rational under traditional static optimization
rules. The reason for this hesitation is that
workers make an irreversible investment in
human capital specific to the nonagricultural
sector to make the initial move, or simply in
vest time and money to move to the location
of the nonagricultural job. When this invest
ment is made under conditions of uncertainty
in returns to both agricultural and nonagri
cultural employment, a real option value aris
es to remaining in the nonagricultural sector.
Therefore, the relative returns to farm em
ployment must rise above the level that tra
ditional analysis would suggest by the real
option value created by this investment. Hys
teresis in labor markets is thus reflected in
both perceived shortages of one type of labor
or the other and a gap between wages in the
two sectors that may appear to be abnormally
large (relative surplus of agricultural labor) or
abnormally small (relative shortage of agri
cultural labor).

The objective of this article is to determine
if agricultural labor is indeed in shortage and,
if so, to estimate the option value associated
with remaining employed outside of agricul
ture. The existence of a real option value as
sumes that hysteresis forms a plausible ex
planation for at least part of any labor market
disequilibrium that is observed. Using Dixit's
real option-value framework, the next section
establishes the validity of this assumption and
describes an empirical model of hysteresis in
regional labor markets. This empirical ap
proach involves applying a variation of Spiller
and Huang's parity bounds model to monthly
agricultural and nonagricultural wage data
from Washington state. After a discussion of
estimates obtained with this model, the con
cluding section offers some implications for
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labor market conduct and potential policy re
forms. While the primary objective is empir
ical, this approach provides a new theoretical
explanation for the apparent existence of dual
labor markets.

A Model of Hysteresis in Labor Markets

For simplicity, assume that workers have a
choice between employment in one of two
sectors. The nonagricultural sector, n, consists
of low- or semi -skilled jobs which pay a wage
W n' while jobs in the agricultural sector, a, pay
a wage W a• To simplify model description, the
wage relevant to a worker considering a move
from one sector to the other is the wage dif
ferential, Assume that moving from one sector
to the other causes the worker to incur search
costs, costs due to a temporary loss of income,
and, if the worker moves from a to n, costs
of a minimal amount of training. Call this ir
reversible entry cost k, and the cost of moving
back to the farm sector q. Given these costs,
the neo-classical, or Marshallian, optimality
condition to move out of agriculture requires
the relative wage to rise above the annualized
cost of entry, or W = pk, where p is the interest
rate. A symmetric argument holds for leaving
the nonfarm sector. The objective of this sec
tion is to show that the full-cost trigger, which
includes the real option value, is significantly
higher than this Marshallian trigger.

To begin, assume further that returns to
employment in either sector is inherently un
certain, where uncertainty is defined in terms
of a stochastic wage series. Specifically, the
relative wage follows a geometric Brownian
motion with drift: 1

(1) dw/w = iult + adz

where f.1 is the mean growth rate, (j is the
standard deviation of the process, and dz de
fines the Wiener increment with properties
E(dz) = 0 and E(dz 2) = dt. Given this struc
ture, the derivation of the full-cost trigger lev
el of wages that induces a worker to move
from the agricultural sector to the nonagri-

I The assumption of a positive drift term is valid given the
possibility of a rising nominal gap between agricultural and non
agricultural wages over time. Assuming the alternative, that relative
wages follow a mean-reverting process, reduces the option value as
this implies a lower probability of large upside movements in the
wage differential (Dixit and Pindyck). Dixit and Pindyck describe
an empirical test of this assumption, an application of which we
describe below.
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cultural sector closely follows Dixit (1989,
1992).

Assume that a risk-neutral representative
worker decides which sector in which to work
on the basis of the present value of lifetime
camings.? A worker will willingly remain in
his current state (a = agriculture, n = nonagri
culture) only if the expected total return to
doing so, including the periodic capital gain
to the value of his lifetime earnings and the
per period inflow, is equal to the annual "nor
mal return" on the capitalized value of his
lifetime earnings. The periodic inflow is equal
to the relevant wage less the opportunity cost,
or the wage in the other sector (Dixit 1989).
Applying Ito's Lemma to value of lifetime
earnings in the farm sector, VaCw), gives:

ognizing that, if wages in the farm and non
farm sectors are very close (i.e., w is small),
then there is little probability that the option
to enter the nonfarm sector will be exercised,
so A a = O. Similarly, if the wage gap is large,
then there is little chance that workers will
move back to the farm, so B n = 0 and the
solutions can be rewritten

(6) VaCw) = Bw r3 - w/(p - 1-1)

Vn(w) = Aw-a + w/(p - u).

The optimal solution for A and B also re
quires the value of earnings for a worker mov
ing between sectors to be equal at the margin,
after deducting moving costs. These "value
matching" conditions require A and B to sat
isfy

where wHis the "high" or entry-causing wage
trigger, and W L is the "low" or exit-causing
trigger. Further, at this margin, the increment
to lifetime earnings due to a change in the
relative wage must be equal whether the
worker is in the farm or the nonfarm sector.
In options-pricing terminology, this is known
as the "smooth pasting" condition and re
quires

Taking expectations of equation (2) and di
viding by dt provides an expression for the
expected capital gain to remaining in agri
cultural employment, which, when set equal
to the normal return on earnings, provides the
arbitrage condition that is

= w.

The equilibrium condition for remaining in
the nonagricultural sector is symmetric to
equation (3), only differing in the sign of the
per period dividend:

= -w.

Finding particular solutions for equations (3)
and (4) provides expressions for the value of
lifetime earnings in terms of the workers
wage, the relative growth rate, and the interest
rate:

(7)

and

(8)

(9)

and

VaCwH) = Bw~ - wH/(p - 1-1)

= AWi/a + wHI(p - 1-1) - k

Vn(wL) = AWia + wLI(p -1-1)

= Bwf - wLI(p - 1-1) - q

V~(WH) = I3Bw~-l - lI(p - 1-1)

-o:Awi/a-l + lI(p - u.)

Vn'(wH )

(5) Va(W) = Aaw-a + B awr3 - w/(p - u.)

Vn(w) = Anw-a + B nw r3 - w/(p - 1-1).

(10) V~(wJ = I3Bwf-l - lI(p - u.)

-o:Awia- 1 + lI(p - 1-1)

V~(WL)'

Solving for the unknown constants Aa , An>
B a, and B; is considerably simplified by rec-

2 Risk neutrality is not essential to the qualitative conclusion of
the model but simplifies its development. Dixit (1989) describes an
extension of the basic model that allows for risk aversion.

Although solving this system of nonlinear
equations is only practicable using numerical
methods, some likely limiting conditions lead
to useful closed-form solutions for the rela
tionship between Marshallian and full-cost
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-2w
(11a) AWi" = __L - q

p-I..t

Using these two equations to solve for W L

gives the relationship between the full-cost
trigger to exit the nonfarm sector and enter
farm employment and the Marshallian trigger,
mL == qp:

triggers. In particular, suppose that the wage
differential, w, is currently very low (i.e., farm
wages are very close to nonfarm wages). In
this case, the probability of w rising to induce
exit from the farm sector is very low, so B =
ofor all practical purposes. Therefore, the val
ue matching and smooth-pasting conditions
imply

(11b)
-2

-aAwi,,-1 = --
p-J.1

ever, these analytical results suggest an ap
proach to determining whether or not agri
cultural labor is indeed in shortage for a given
set of farm and nonfarm wages. Namely,
shortages in farm labor will disappear only if
the difference between farm and nonfarm
wages drops below a certain level, W L, so the
probability that this will not happen is the
probability of observing a shortage of agri
cultural labor despite small relative increases
in the farm wage. A shortage will persist,
however, if this relative wage implies a farm
wage that is above growers' reservation wage,
or their maximum marginal value product.
Whereas this approach uses relative wage in
formation to estimate option values implicit
in occupational choices, other researchers
claim to test for the effects of hysteresis di
rectly, while most simulate the theoretical ef
fects of hysteresis without attempting econo
metric estimation.

Clearly, the size of this gap depends upon
a, the magnitude of exit costs, q, and the
growth rate of the wage differential, w. The
difference between the full-cost and Mar
shallian wages is, therefore, a nonlinear func
tion of a. The parameter a, in tum, depends
upon the level of uncertainty in the wage gap
as the general solution to equations (3) and
(4) includes (Dixit):

(13) -a = {(1 -2J.1/cr 2)

- [(1 - 2J.1/cr 2 ) 2 + 8p/cr 2 ] 112}/2.

In the empirical model below, this difference
is approximated by the linear function or the
option value to remaining in the nonagricul
tural sector. Symmetrical notation applies to
the entry trigger.

From equation (13), it is clear that the more
variable the difference in wages, the greater
is the option value. Further, the higher the
option value, the greater is the difference be
tween the Marshallian and full-cost exit wages.
Substituting plausible values for each of the
parameters in equation (13) shows how the
value of «(and, hence, the value of wL ) ,

changes with the growth rate and variance,
assuming p is simply some positive constant.3

In terms of the empirical specification, how-

3 Space constraints limit presentation of simulation results. In
terested readers can obtain the results from the authors.

The Empirical Model

To demonstrate the impact of real option val
ues on investment timing and the "hysteresis
gap" that arises in uncertain investment en
vironments, empirical studies often rely on
simulation models calibrated with plausible
parameter values (Purvis et aI., Dixit 1989).
Others define hysteresis simply as the path
dependence of an economic phenomenon and,
therefore, test for its presence with relatively
simple single equation time-series models
(Parker, Song and Wu), with more complex
structural vector autoregression methods (Do
lado and Jimeno), or with unobserved com
ponents models (Jaeger and Parkinson).
Greater interest, however, lies in estimating
either the option value that drives a wedge
between the nonfarm wage that induces entry
to that sector and the agricultural wage high
enough to induce workers back, or the actual
amount of frictional unemployment caused by
labor market hysteresis.

Given the data problems inherent in defin
ing and measuring the quantity of agricultural
labor in a given market (Martin), studies of
labor market adjustment must focus on the
former problem, namely, using relatively ac
curate relative earnings data to estimate option
values. Consequently, this study uses data on
agricultural and nonagricultural wages in or
der to estimate both the probability and the
extent of any departures from efficient arbi
trage between the two sectors. Violations of
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these arbitrage conditions have been attribut
ed to imperfect competition, imperfection in
formation, or other sources of friction in com
modity markets (Spiller and Huang; Sexton,
Kling, and Carman; Baulch) but can equiva
lently be attributed to unobserved real option
values in dual labor markets. Differences be
tween wage series that are greater than the
Marshallian cost of moving between the two
sectors and yet do not result in arbitrage are
attributed to the option value of remaining in
the existing sector. This option value, in tum,
gives rise to relative shortages or surpluses of
labor-disequilibria that may be interpreted
as resulting from hysteresis.

Formally, the empirical model follows the
parity bounds model of Spiller and Huang as
extended by Sexton, Kling, and Carman and
by Baulch. The question of intersectorallabor
movement differs from the basic Spiller and
Huang model in a manner similar to the celery
case considered by Sexton, Kling, and Car
man. Whereas Spiller and Huang study spa
tially disparate commodity markets wherein
autarky prices may be formed and conditioned
by arbitrage opportunities between markets,
this analysis assumes that wages paid to ag
riculturallabor are determined in local labor
markets." Workers, however, compare these
wages to nonagricultural wages that most like
ly are determined in urban labor markets.
Wage differentials are, therefore, due to both
adjustment costs between sectors and the op
tion value of remaining in the chosen sector.
Using a linear approximation to the expres
sion for the option value in equation (12) and
a symmetrical version for the entry-wage (w H )

and the exit-wage (w L ) , three possible market
conditions can be written as

(14) w~ - w~

l
W~ = m~(qi) OL(I-J} , cr

i
) ]

Wi = m'

Wk- = mH(ki) + OH(~i, o")

4 This assumption is supported by Bureau of Labor Statistics
(BLS) wage survey data. Choosing October 1996 as a representative
harvest month, apple harvesters (by far the largest occupation) earned
an average of $6.57 per hour in the Southeastern region, $7.24 per
hour in the Columbia Basin region, $5.82 per hour in the North
Central region, and $7.32 per hour in the South Central region. Even
among occupations where the tasks are likely to be more homogenous
between regions compared to harvesting, sorters and graders earn
from $5.75 per hour in the Columbia Basin to $6.79 per hour in the
South Central region. These data are typical of other tasks, regions,
and months. While not a formal statistical test, this evidence con
stitutes support for subordinating the interregional to the intersectoral
problem.

where W n is the nonagricultural wage in period
t, w~ is the agricultural wage in period t and
region i, mj is the cost of entering (H) or
leaving (L) the nonfarm sector in region i, c!
is the variance of Wi, and the difference be
tween the full-cost and Marshallian wage trig
gers is the real option value of remaining in
the current sector, or OJ' Although both mov
ing costs and option values are unobservable,
in this model moving costs represent the min
imum or "frontier" wage difference that ex
ists when the option value is zero.' This value
is determined by the fixed costs of entry (k)
or exit (q). Entry and exit option values, there
fore, are apparent only when wages differ by
more than this minimum amount and are func
tions of the mean growth rate and the variance
of the relative wage. Writing these arbitrage
conditions in terms of relative wages and
moving costs, the three regimes become

(15) wn.t - W~,t = m' + v,

withprob 1 - ~1 - ~2'

with prob ~ 1,

with prob ~2'

Variable v is a normally distributed i.i.d. ran
dom variable, and u is a half-normal random
variable, distributed independent of v and
truncated at zero from below (Sexton, Kling,
and Carman).

With this specification, the first equation
represents efficient arbitrage where agricul
tural and nonagricultural wages differ only by
the costs of moving between sectors and a
random error. If wages differ by more than
this amount, then workers will move toward
the high-wage sector, increasing the supply of
labor and bidding wages back to the equilib
rium level. In the second, wages differ by
more than moving costs by the value of the
real option of remaining employed in the ag
ricultural sector. Because nonagricultural
wages are relatively high, this suggests a rel
ative shortage of nonagricultural labor, or by
corollary, a relative surplus of agricultural la-

5 Sexton, Kling, and Carman suggest that this model is similar
to a stochastic production frontier. By using both positive and neg
ative values of the error term u, all observations on the frontier
represent efficient arbitrage, while those lying off of the frontier may
represent either a glut or a surplus.
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bor. Similarly, the third equation represents a
state of relative surplus (shortage) of nonag
ricultural (agricultural) labor where the wage
gap falls short of moving costs by the real
option value." Hypothesis tests of the proba
bilities h.j therefore constitute tests of whether
farm sector labor markets are in equilibrium,
in surplus, or in shortage.

To estimate the probabilities in equation
(15), the parameters are chosen in order to
maximize the log of the likelihood function:

T

(16) L = Il [h.I/~ + h.2/;
t=l

where the specific form of the densities If are
given by (Sexton, Kling, and Carman):

where Z = w, - [mj + O/<J'j, JJ.f)] and S =
(<J'~ + <J';)O.5, <f> is the density function for a
standard normal variable, and <I> is the cu
mulative distribution function for this distri
bution. Maximizing the log of equation (16)
provides estimates of the parameters h. 1, h.2,
mj , OJ'<J'u' <J'v' This parsimony is one advantage
of studying sectoral labor migration with an
arbitrage model as compared to a structural
model, such as that employed by Barkley. An
other is that it places far fewer demands on
the data. The next section describes the data
requirements.

Data and Methods

The data used in this study consist entirely of
wage rates over the period of January 1994
to August 1997. Hourly agricultural wages for
five regions in Washington state are provided
by the Washington Employment Security De
partment's Employment Training Agency's

6 Note that a negative value for 0 provides evidence of a short
age of agricultural labor, while. a positive value suggests a relative
surplus.
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(ETA) 223 surveys compiled for the Bureau
of Labor Statistics. These surveys report
monthly wages for a wide variety of agricul
tural occupations, so an average wage is con
structed by weighting each hourly wage by
the proportion of workers in each occupation.
Given that the five regions span nearly the
entire state of Washington, it is likely that
labor market conditions differ among the re
gions.? Therefore, estimates of the arbitrage
model are obtained using a statewide average
agricultural wage, as well as five region-spe
cific wages. Similarly, there is some question
as to which nonagricultural market is the dom
inant alternative for agricultural workers.

Nonagricultural workers are assumed to
earn the average hourly wage prevailing in
either semiskilled industrial jobs (manufac
turing or construction sectors) or in low
skilled service jobs (retail and wholesale sec
tor). These sectors are chosen both because
they represent the most likely alternative em
ployment for low- and semiskilled laborers
and because they are the only ones for which
wage data are available. Hourly wages for
workers in each of these sectors are from the
Bureau of Labor Statistics' State and Area
Employment, Hours, and Earnings data base.
Table 1 provides summary statistics for each
wage series. Note the considerable wage var
iation among agricultural regions and also the
disparity between the agricultural and each of
the nonagricultural wages. Because of this
disparity, which sector farm workers choose
as their alternative source of employment is
likely to be important.

Given this uncertainty, estimates of the ar
bitrage model consider a pooled average in
dustrial (construction and manufacturing)
wage in addition to each of the three non
agricultural wages separately. Estimating
models for each of these industry-alternatives
over five regions and a state average agricul
tural wage provides thirty market scenarios.
Comparisons between these scenarios may
provide evidence as to whether labor market
conditions are consistent throughout the state,
or are entirely local, as the GAO suggests.

To identify region-specific option values

7 The ETA 223 surveys include six agricultural reporting areas,
but there were many months with too few observations to report a
representative wage in region six (Northeast Washington). so this
area is excluded from the sample. Region two consists of Yakima
and Klickitat counties; region three consists of Okanogan. Chelan,
Douglas. and Kittitas counties; region four includes Grant and Adams
counties; region five comprises Benton, Franklin, and Walla Walla
counties; and region one consists of numerous counties to the west
of regions two and three, or the entire coastal region.
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Table 1. Summary of Washington Wage Data: January 1994-August 1997

Wage

Ag. region 1
Ag. region 2
Ag. region 3
Ag. region 4
Ag. region 5
Construction
Manufacturing
Retail and whlsl. trade

Minimum

5.07
5.22
5.31
5.15
5.18

18.60
13.31
9.89

Maximum

6.20
6.84
6.48
6.98
6.34

20.40
15.22
10.93

Mean

5.55
5.78
5.89
5.80
5.58

19.52
14.82
10.34

Std. Deviation

0.256
0.325
0.271
0.391
0.279
0.453
0.339
0.280

through the arbitrage conditions (15), this
model assumes that each option value param
eter is a function of both the mean rate of drift
and the regional variance of relative wages.
Preliminary tests on the relative wage series,
however, find that the rate of drift is not sig
nificantly different from zero, so each option
value is estimated as a function of the variance
term alone." Taking a linear approximation of
the option value expression in equation (12)
leads to the particular form of OJ in the final
form of the empirical model. For estimation
purposes, this approximation is necessary be
cause the multiplicative relationship between
the option value factor and the Marshallian
wage indicated by equation (12) cannot be
used to identify both the unobservable "mov
ing costs" (m) and option values. Numerical
simulations of equation (12) over a range of

8 Dixit and Pindyck (p. 75) suggest a way to test this assumption.
Define a general mean-reverting Brownian motion as dw = 1]( W 
w)dt + adz, where 1] is the rate of mean reversion, and is the mean,
or the normal value towards which w tends to move. In discrete time,
this process is written as w, - Wt-I = w(1 - e-~) + (e-n - 1)w t - 1

+ lOt, which is estimated with the specification W t - Wt-I = a + bw.s,
+ lOt, where lO is assumed to be white noise. With this simple model,
a Wald chi-square test of the restriction f) = -log(1 + b = 0 con
stitutes a test of the process governing relative wages. Failure to
reject the null hypothesis that 1] = 0 suggests that the process col
lapses to simple Brownian motion where relative wage increments
are due to variability in the series only. In the current example, testing
this restriction using a Wald chi-square test provides a test statistic
of 3.177. At a 5% level, the critical chi-square value with one degree
of freedom is 3.84, so we fail to reject the null hypothesis that 1\ =
O. Consequently, our specification for the relative wage process is
supported by the data.

However, an anonymous reviewer suggests calculating what ef
fect this finding has on the option value. From equations (12) and
(13) in the text, the quantitative implication of a zero drift rate for
the option value depends upon the relative values of this drift rate
and the standard deviation of the relative wage series. Using the data
in table 1 to define plausible values for a, namely the region one
agricultural wage and construction wage, for example, and setting p
= 0.03 leads to an option value factor of 0.5674 for a zero drift rate,
and 0.5096 for a drift rate of 2% per year. The option value factor
is given in equation (12) as -Ih[a/(a - 1)]. This means that if,
contrary to our drift estimation results, the wage differential is in
fact growing at 2% per year, then the option value estimate is likely
to be overstated by 11.3% under the chosen scenario. This error falls
to 9.5% if the true rate of drift is I% per year, and rises to 12.0%
if the rate of drift is 3% per year.

variance levels describe a relationship be
tween the variance and option value factor
that is nearly linear, so the error caused by
this approximation is not likely to be signif
icant. For estimation purposes, the moving
variance is calculated using the most recent
three months of the relative wage, so the first
two observations are removed from the esti
mation procedure. Alternative specifications
for this variance definition did not result in
qualitatively different parameter estimates.
Finally, the estimated model includes a binary
variable taking on a value of 1.0 beginning
in October 1996 to account for the imple
mentation of a higher federal minimum wage.

By establishing a floor under wages in, ef
fectively, only the low-wage sectors, it is like
ly that a higher minimum wage reduces var
iability by truncating the wage distribution.
However, average wages in all sectors lie suf
ficiently above the minimum wage, so the di
rect stabilizing effect of a higher minimum
wage is not significant." Nonetheless, option
values are determined by market expectations
of future distributions of the wage differential,
so although there is no impact on the current
distribution of relative wages, there still may
be some reduction in the equilibrium option
value. On the other hand, many argue that
minimum wages also result in higher unem
ployment rates, reducing the probability of a
worker finding a job in the other sector. By
the hysteresis argument, imposing a higher
minimum wage can thus either increase or
decrease option values so the net effect on the
wage differential is an empirical question.

9 Washington State Employment Security Department officials
explain that the state does not have a minimum wage that lies above
the federal rate, and that most growers are exempt because (a) they
do not gross more than $500,000 in sales per year, and/or (b) they
pay a piece rate, so no standard for maintaining minimum hourly
wages exists. Further, independent regressions of the agricultural
wage and its variance on a time trend and minimum wage dummy
show no significant effects on either.
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Table 2. Nonagricultural/Agricultural Wage Arbitrage Model: Washington State and
Five Regions, 1994-97

Region rna D 0 Al A2 0"; O"~ LLF

Average 11.406* 0.397* -6.500* 0.009 0.029 0.025 0.469 -35.014
(247.111) (5.990) (-5.528) (1.112) (1.522) (0.811) (1.009)

Region 1 11.695* 0.181 * -2.856* 0.137* 0.749* 0.003 0.060* -30.020
(358.808) (2.963) (-3.033) (3.773) (5.768) (0.843) (3.547)

Region 2 11.247* 0.193 -2.237* 0.043 0.821 * 0.006 0.104* -18.573
(163.429) (1.912) (-23.807) (1.635) (12.056) (0.959) (3.093)

Region 3 11.415* 0.239* -3.713 0.004 0.307 0.033 0.134 -32.318
(121.506) (2.968) (-1.417) (1.759) (1.855) (1.184) (0.863)

Region 4 11.352* 0.272* -2.525* 0.139 0.420* 0.098 0.176* -32.230
(181.756) (4.072) (-7.858) (1.652) (2.428) (1.185) (2.290)

Region 5 11.675* 0.344* -0.988 0.001 0.649 0.019 0.161* -32.911
(84.358) (3.137) (-1.033) (1.023) (1.749) (0.711) (2.431)

a The parameters are defined as follows: m = Marshallian moving costs. D = minimum wage dummy. 0 = option value of moving either from farm
to nonfarm or vice versa, A] = probability of a surplus of farm labor, A2 = probability of a shortage of farm labor. a;' = variance of u error term
component, a; = variance of v error term component. A single asterisk indicates significance in a two-sided hypothesis test at a 5% level.

Given these considerations, estimates of each
model are found using the maximum likeli
hood procedure in LIMDEP version 7.0.

Results and Discussion

Estimates of the arbitrage model indicate
whether the farm labor market, the nonfarm
labor market, or neither is likely to be in short
age over this sample period. The first set of
results define the industrial labor market as
an aggregate of both the construction and
manufacturing sectors. These sectors repre
sent occupations with distinctly higher salary
structures than either agriculture or the retail
and wholesale trade alternative but also entail
the greatest investment to enter. Table 2 shows
the arbitrage-model estimates for both a state
wide average wage and the regional markets.

Tests for whether wages in the agricultural
and nonagricultural sectors differ by only
Marshallian moving costs concern the prob
ability parameters Aj • The results in table 2 do
not provide for a direct test of agricultural
labor shortage over the sample period but
rather test whether the probability of observ
ing either a shortage or surplus is significantly
different from zero. Conceptually, this ap
proach is preferable to estimating a single
wage gap or kink in the labor demand curve
because the theoretical model suggests that
labor markets will be in a continual state of
flux. Over the sample period, it is likely that
the labor market moves through many periods
of relative shortage, glut, or stability, and that
these cycles differ by region and by industry.

Abstracting from any regional differences for
now, estimates of the statewide average wage
model support the existence of a shortage of
agricultural labor, but the probability of this
shortage is significant only at a 10% level with
a one-tailed test. Nonetheless, this result im
plies that there is a statewide shortage of farm
labor almost 3% of the time, whereas the
probability of a surplus is not significantly
different from zero. An option value of
- $6.50 implies that the full-cost trigger to exit
the nonagricultural sector is far below the
Marshallian level, estimated here to be
$11.41. 10 In other words, the difference in
wage rates would have to fall below $5.00 in
order to induce labor to flow back to the ag
ricultural sector. Given the relative size of em
ployment in the nonagricultural sector, it is
not likely that such a difference would be cre
ated by falling nonfarm wages; it would re
quire significant increases in farm wages. Re
laxing the assumption that option values are
constant from region to region permits an in
direct test of the GAO's contention that ag
riculturallabor problems are primarily local.
Indeed, it may be the case that there is a great
er probability of shortages in specific regions.

Table 2 bears this out. In every region, the
probability of observing a farm-labor shortage
(Az) is greater than observing a surplus. In
fact, the probability of a shortage varies from
30.7% in region three to 82.1 % in region two
and is statistically significant in all cases at a

10 Note that option values are reported with their signs indicating
they are either additional to (+) the estimated Marshallian trigger,
or subtracted from (-) mj'
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10% level or lower. One plausible interpre
tation of this result is that real option values
arising from the decision to sink human and
financial capital into a move between sectors
causes hysteresis, which, in this case, appears
as a delay in the decision to move from the
nonfarm sector. In each case, the "negative"
option value means that the full-cost trigger
(w L) is lower than the Marshallian trigger,
meaning that the existence of an option value
requires the agricultural wage to move much
closer to the industrial wage before workers
will exit the nonfarm sector and work on
farms. This option value varies from $6.50
per hour (or 57% of the moving cost) for the
statewide average wage to $2.24 per hour (or
19.9%) in region two. The option value for
region five is not significant. Despite popular
arguments linking conditions in farm labor
markets to overall unskilled wage deteriora
tion, it is interesting to note that these results
suggest that these markets are rarely inte
grated, so they may, in fact, be treated sep
arately by policy makers. Policy makers may
also be interested in using this method to de
tect shortages or surpluses between sectoral
labor markets and to provide suggestions as
to how these may be alleviated. Although
there seems to be little correlation between
the size of the option value and the probability
of a labor shortage as the theoretical model
suggests, the sign of the option value does
appear to be a reliable indicator of a shortage
or a surplus.

Following the logic of this option value
approach, worker migration may be aided by
policies that reduce the option value to re
maining out of agriculture. Because the option
value increases in the variance of relative
wages, reducing workers' expectations of fu
ture wage variability may speed labor market
adjustment or make labor markets more flex
ible. One means of reducing relative-wage
variability may be to impose a wage floor. To
test this hypothesis, the empirical model in
cludes a binary variable (D) to segment the
sample into periods before and after imple
mentation of the higher minium wage in Oc
tober 1996. 11 Table 2 shows that, for the av
erage nonfarm wage case, the wage gap wid
ens during the minimum-wage period. This
result suggests that the agricultural wage need

II As explained above, this minimum wage had no effect on the
distribution of agricultural wages over the sample period, but is likely
to have changed workers' subjective assessments of the probability
of significantly lower wages in the future.

not rise as high as would otherwise be the
case in order to induce workers back to the
farm. While minimum wages may have other
deleterious side effects that are not considered
in this article, one unintended result may in
deed benefit growers by increasing the flexi
bility of the labor market through reducing
the option value to remaining out of the ag
riculturallabor pool. In terms of the empirical
question posed above with respect to mini
mum wages, this result suggests that the ex
pected-stabilization effect dominates the un
employment-uncertainty effect. Because wages
and mobility vary by industry, corroboration
of these results with those from other sectors
will strengthen the conclusions drawn here.

The second set of estimates concerns the
relationship between wages in the construc
tion and agricultural sectors. With the boom
in population growth and residential construc
tion in many produce-growing areas of the
United States, construction is often cited as
the primary draw from the unskilled farm la
bor pool (The Packer). The estimation results
shown in table 3 are in broad agreement with
the results in table 2 but also show some sig
nificant departures. In four of the six cases,
the point-estimate of the probability of a labor
shortage is greater than for a surplus, although
significant in only one case. In fact, the state
wide average result indicates a slight relative
surplus of agricultural labor, while agricul
tural labor in region five is often in surplus
relative to construction. Whereas the relative
probabilities are sufficiently close to each oth
er in the state-average case for the option val
ue to plausibly remain negative, in region five
the positive option value means that the non
farm full-cost entry trigger (wH ) is wider than
the Marshallian equivalent. In this case, work
er uncertainty over prospects in the construc
tion sector may cause hysteresis in farm-labor
moving in response to wage incentives.

Imposing a higher minimum wage, on the
other hand, has the same effect as in the pre
vious example, causing the wage gap to rise
above the Marshallian case and easing ad
justment to the farm sector. Again, the ex
pected-stabilization effect tends to dominate
the job-prospect effect. Because manufactur
ing workers may have different skills than
construction workers, the costs of relocating,
and the probability of doing so, are likely to
differ as well. The next set of results considers
this possibility.

Consistent with the previous examples, the
manufacturing and agricultural labor markets
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Table 3. Construction Sector/Agricultural Wage Arbitrage Model: Washington State
and Five Regions, 1994-97

Region rna D 0 Al A2 O'~ O'~ LLF

Average 13.680* 0.389* -1.586* 0.361* 0.336* 0.053 0.089* -22.635
(133.058) (15.626) (-3.019) (4.219) (4.033) (1.126) (2.740)

Region 1 13.963* 0.436* -2.377 0.029* 0.320 0.111 0.098 -34.621
(6.958) (2.941) (-1.560) (2.001) (1.016) (0.075) (1.006)

Region 2 13.761 * 0.427* -0.414* 0.025 0.354 0.063 0.128 -11.641
(44.458) (3.845) (-2.671) (0.079) (1.237) (0.631) (1.524)

Region 3 14.032* 0.472* -6.619* 0.001 0.058* 0.091 0.203* -31.707
(126.974) (5.087) (-5.294) (0.845) (3.266) (1.111) (3.675)

Region 4 13.682* 0.529* -1.368* 0.004 0.192 0.116 0.016 -43.874
(10.027) (3.811) (-2.121) (1.884) (1.501) (1.002) (0.789)

Region 5 13.580* 0.528* 1.572 0.750 0.114 0.092 0.127* -34.747
(61.658) (4.914) (1.675) (1.354) (1.026) (1.449) (2.020)

a The parameters are defined as follows: m = Marshallian moving costs, D = minimum wage dummy, 0 = option value of moving either from farm
to nonfarm or vice versa, lI., = probability of a surplus of farm labor, lI. 2 = probability of a shortage of farm labor, (1~ = variance of u error term
component, (1; = variance of v error term component. A single asterisk indicates significance in a two-sided hypothesis test at a 5% level.

do not appear to be highly integrated (table
4). In fact, the probability of observing either
a shortage or surplus varies from 24% in re
gion 1 to over 85% in region three. Unlike
the construction case, there is a relative short
age of agricultural labor in each region which
is statistically significant at a 10% level in all
but one region. This suggests that manufac
turing workers are less likely to move into
agriculture than are construction workers, per
haps reflecting the greater disparity in skills
between manufacturing and farm workers.
This result may also be due to the geographic
dispersion of manufacturing relative to agri
cultural jobs. Whereas construction jobs in the
state are ubiquitous, manufacturing jobs tend
to be located in more urban areas, requiring

a greater investment on the part of workers
to move out of agriculture in the first place.
According to the theoretical model above, a
higher fixed cost of entry or exit results in a
larger option value, which leads, in tum, to a
larger hysteresis gap. Therefore, option value
estimates can either support or refute the hy
pothesis that hysteresis is a greater impedi
ment to manufacturing-labor migration than
to construction-labor migration. Although di
rect tests are not possible across models, op
tion values vary from 3% to 47% of moving
costs in construction, whereas they vary from
42% to 63% in the manufacturing sector.

Comparing the results in table 4 to those
in tables 2 and 3 also shows that the response
of labor migration to an increase in the min-

Table 4. Manufacturing Sector/Agricultural Wage Arbitrage Model: Washington State
and Five Regions, 1994-97

Region rna D 0 Al A2 O'~ 0'2 LLFu

Average 9.401 * -0.115 -3.969* 0.001 0.608* 0.060 0.358* -34.091
(225.553) (-1.667) (-2.420) (1.675) (3.914) (1.549) (3.374)

Region 1 9.351* -0.064 -0.592 0.094* 0.144 0.081 0.492 -44.237
(89.223) (-1.517) (-1.410) (3.529) (1.715) (1.615) (0.667)

Region 2 9.122* 0.027 -5.735* 0.016 0.316* 0.021 0.240 -31.276
(140.897) (0.292) (-10.786) (0.598) (2.102) (1.915) (1.053)

Region 3 8.755* 0.352* -4.382* 0.284* 0.567* 0.022 0.273* -45.239
(131.742) (17.870) (-3.288) (4.043) (7.054) (1.129) (3.938)

Region 4 9.185* -0.049 -0.142 0.002* 0.309 0.063 -0.723 -22.744
(97.154) (1.035) (-0.106) (2.662) (1.733) (1.329) (1.004)

Region 5 9.489* 0.138 -0.123 0,002 0.657 0.038 0.318* -22.234
(39.051) (1.756) (-1.175) (0.461) (1.428) (0.627) (2.639)

a The parameters are defined as follows: m = Marshallian moving costs, D = minimum wage dummy, 0 = option value of moving either from farm
to nonfarm or vice versa, lI., = probability of a surplus of farm labor, ).2 = probability of a shortage of farm labor, (1~ = variance of u error term
component, (1~ = variance of v error term component. A single asterisk indicates significance in a two-sided hypothesis test at a 5% level.
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Table 5. Retail and Wholesale Trade Sector!Agricultural Wage Arbitrage Model: Wash-
ington State and Five Regions, 1994-97

Region rna D 0 Al Az (J"~ (J"~ LLF

Average 4.804* 0.191 -1.992 0.139 0.782* 0.002 0.109* -25.251
(60.711) (1.340) (-1.652) (1.884) (7.910) (0.108) (2.876)

Region 1 4.841 * 0.188 -0.998 0.018* 0.241* 0.063 0.387 -35.895
(36.852) (1.675) (-1.518) (2.012) (2.474) (1.931) (1.216)

Region 2 4.587* 0.259* -0.254 0.055 0.219 0.039 0.247 -37.843
(57.087) (2.887) (-1.785) (0.200) (1.831) (1.665) (1.061)

Region 3 4.534* 0.241 * -4.311 0.040 0.152* 0.028 0.106 -20.106
(61.764) (3.343) (-1.973) (1.501) (2.281) (1.523) (1.251)

Region 4 4.575* 0.251 * -3.553* 0.011 0.250 0.038 0.464 -38.152
(67.631) (2.424) (-6.486) (0.906) (1.710) (1.598) (1.198)

Region 5 4.513* 0.369* -0.638 0.149* 0.651* 0.108 0.040* -27.846
(49.020) (13.085) (-1.508) (2.623) (2.741) (1.146) (3.548)

a The Parameters are defined as follows: m = Marshallian moving costs, D = minimum wage dummy, 0 = option value of moving either from farm
to nonfarm or vice versa, A, = probability of a surplus of farm labor, A2 = probability of a shortage of farm labor, a~ = variance of u error term
component, a; = variance of v error term component. A single asterisk indicates significance in a two-sided hypothesis test at a 5% level.

imum wage is not homogeneous across sec
tors. Whereas the agricultural wage required
to induce migration from the industrial sector
as a whole fell in each of the other examples
with the imposition of a minimum wage, here
the agricultural trigger-wage rises, shrinking
the wage gap in three of six regions. A min
imum wage may cause the full-cost wage gap
to narrow if it reduces a potential migrants'
expected probability of obtaining a job in the
other sector, or similarly reduces her ability
to move to a different job within the manu
facturing sector. Barkley offers a similar ra
tionalization for intersectoral immobility in a
nonhysteresis context. In either case, the value
to maintaining the status quo rises with the
level of job market insecurity. As a corollary,
the more valuable the status quo, the greater
the inducement required to change it. There
fore, if wages and skills are relatively similar
to those in agriculture, such as in the retail
and wholesale sector, option values are likely
to be much lower.

Estimates of the likelihood of mobility be
tween the agricultural and retail trade sectors
provide only limited support for these con
clusions. As table 5 shows, the probability of
observing a surplus of agricultural laborers
who fail to move into retail jobs is consistently
very low across all regions-14% on average
for the state as a whole, ranging from 1.9%
to 14.9% among the various regions consid
ered. On the other hand, estimates of the prob
ability of a shortage range from 15% in region
three to over 65% in region five while the
statewide probability is over 78%. However,
the high probability of a shortage does not

necessarily coincide with a high option value,
and vice versa for low shortage probabilities.
Despite the lower cost of moving into the ser
vice sector-no specialized tools and very lit
tle training are required for most jobs-un
certainty over wage prospects and employ
ment still creates a significant option value
and hysteresis effect in the decision to move
between sectors. Estimates of this option val
ue range from $0.25 in region two (at a 10%
level of significance) to over $4.30 in region
five. Together, these option values and short
age probabilities provide little support for the
expectation of greater mobility between the
service and farm sectors compared to the in
dustrial and farm sectors. Although moving
to the service sector likely entails less in
vestment, wages are equally variable in either
alternative sector (coefficients of variation of
2.8% in the service sector and 2.5% in the
industrial sector). It may also be the case that
there is a higher probability of finding a job
in the industrial sector, which partially com
pensates for lower sunk costs in finding a job
in the service sector. Uncertainty over finding
a job in the service sector may also rise with
the imposition of a higher minimum wage.

The results in table 5 show that raising the
minimum wage causes the differential be
tween service and farm wages to widen. As
in the previous examples, this implies that the
threshold agricultural wage required to induce
movement back to the farm sector falls-from
$0.24 per hour in region three to almost $0.37
in region five. As a percentage of moving
costs, this case provides the most dramatic
minimum-wage effects among all the alter-
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natives considered. Given that a mmimum
wage is more likely to affect the expected
distribution of retail and wholesale wages than
is an industrial wage, this finding is perhaps
not surprising. The policy implications of this
result are clear. Beyond the intended or direct
income distribution effects of minimum wage
laws in general, they may have an unintended
side-benefit of improving workers' incentives
to move between sectors. Again, however, this
benefit is tempered by the fact that higher
wage certainty may be offset by a lower prob
ability of finding a job. Moreover, this effect
is likely to be strongest only among occu
pations with similar salary structures and is
not likely to help workers move up the ladder
to higher paying jobs. This is a critical result,
as the objective of most government policy
toward migrant labor is to help them move to
more stable, higher-paying occupations (Mar
tin). The specific policy issue of concern to
the GAO in conducting their analysis, how
ever, is whether or not there is a need for
changes to the H-2A program.

The H-2A program is designed to allow
growers to petition the Department of Justice
for the right to invite seasonal agricultural
workers into the United States during times
of demonstrated shortage. While only 15,000
workers were in the United States under H
2A in 1997, or 1% of the total agricultural
labor force, this program represents the cur
rent means by which any perceived shortage
may be addressed (GAO). The results of this
study suggest that claims of the program's in
effectiveness, largely due to the time required
to acquire workers under the program, may
indeed be valid because significant labor
shortages still remain. Pending reforms to this
program should consider the possibility that
workers arriving under the program may not
be displacing domestic workers in other sec
tors because these workers cannot be as easily
induced to work in agriculture through in
creasing farm wages as many seem to believe.

Conclusions

In this article we develop a method of esti
mating the real option value implicit in a
worker's decision to seek employment in ei
ther the agricultural or nonagricultural sector.
Finding a significant option value may imply,
in turn, that hysteresis can be offered as a
plausible explanation for observed shortages
in agricultural labor markets, despite the ex-
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istence of significant unemployment in many
agricultural counties. Hysteresis is likely to
arise in workers' decisions to move between
sectors because moving to another job re
quires fixed costs in training or relocating, and
the relative wage between the two sectors is
likely to be highly variable over time. These
conditions create an option value to main
taining current employment. Because of this
option value, wages that induce entry to the
nonagricultural sector must rise far above
their static, certain values, or fall below the
level that would cause exit from the sector.

Within this framework, empirical esti
mates of job-choice option values rely only
upon relative wage data. If agricultural and
nonagricultural labor markets are integrated,
then the relative wage should follow arbitrage
conditions where the difference in wages is
the Marshallian, or static, costs of moving be
tween sectors. Violations of these arbitrage
conditions are attributed to real option values.
Such violations can find the agricultural wage
too low to be in a Marshallian equilibrium (a
surplus of agricultural labor) or too high (a
shortage). Estimates of a maximum likelihood
parity-bounds model find the probability of
observing a shortage of agricultural labor to
be consistently far higher than the probability
of observing a surplus. These results contra
dict the general conclusions of the GAO re
search report but support their contention that
agricultural labor shortages may exist on a
regional basis.

The primary implication of this result is
that policy makers can help alleviate the ap
parent shortage of agricultural labor by cre
ating conditions that reduce the relative var
iability of agricultural wages, or by reducing
the sunk costs of moving between sectors. If
relaxing immigrant labor restrictions is polit
ically infeasible, long-term employment con
tracts may be one way of achieving the former
result. However, such institutional changes are
not likely to emanate from Congress and must
come from the private sector. Policies de
signed to lower the cost of training, however,
are moving through Congress and have a
broad base of bipartisan support. Although not
an intended purpose of these programs, they
may help to improve labor market flexibility
and alleviate the shortage of agricultural labor.
Further, relaxation of the existing guestworker
(H-2A) program may not harm domestic
workers to the extent that many believe be
cause U.S. workers are simply reluctant to
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leave their current nonfarm jobs for any wage
that growers could reasonably afford to pay.

[Received March 1998;
accepted June 1998.J
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