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What Do Fishermen Tell Us That
Taxi Drivers Do Not? An
Empirical Investigation

of Labor Supply

Tess M. Stafford, University of New South Wales
Recent empirical findings have cast doubt on the neoclassical model
of labor supply. However, estimation issues, and not workers’ be-
havior, may be responsible for these findings. This paper inves-
tigates this possibility by examining the daily labor supply of Florida
lobster fishermen. I invariably find that fishermen work more when
earnings are temporarily high, behavior that is consistent with a neo-
classical model of labor supply. Furthermore, methods that do not
control for measurement error and endogeneity of the wage not only
produce downward-biased estimates of labor supply elasticities but
also generate a spurious negative and significant elasticity of daily
hours.

I. Introduction

Does remuneration influence labor supply and, if so, to what extent?
This is and has been a central question in labor economics and public policy
discourse. If an increase in remuneration is transitory, so that income effects
Many thanks to Jason Abrevaya, Deborah Cobb-Clark, Denise Doiron, Denzil
Fiebig, Scott French, Don Fullerton, Dan Hamermesh, Richard Holden, James
Morley, Andreas Ortmann, Mike Waldman, and Rob Williams for helpful discus-
sions. I would also like to thank seminar participants at the University of Texas,
University of New SouthWales, University of Oregon, University ofWyoming, and
George Washington University and conference participants at the SOLE annual
meeting, AERE summer conference, and AAEA annual meeting. I gratefully ac-
knowledge the Florida Fish and Wildlife Conservation Commission for provid-
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are negligible, neoclassical models of labor supply predict an increase in
labor supply. In the last several decades, empirical research has sought to test
this prediction and provide estimates of themagnitude of the response. Early
studies did this by relating annual changes in hours worked to annual changes
in the average hourly wage.1 Contrary to the neoclassical model’s predic-
tions, the estimated wage elasticities are at best small ðaround 0.20Þ, often
statistically insignificant, and occasionally negative.However, if annualwage
changes are not purely transitory, so that observed wage changes are corre-
lated with an unobserved change in expected lifetime wealth, elasticity es-
timates will be biased downward if leisure is a normal good. Furthermore,
if workers are not fully capable of adjusting their hours worked in response
to annual wage changes, which is likely the case in these earlier studies, es-
timates will be furthered biased toward zero.
To address these concerns, a recent and innovative literature has begun

using data from industries that exhibit daily variation in both earnings and
the quantity of labor supplied. The type of workers studied by this litera-
ture includes taxicab drivers, bike messengers, and baseball stadium vendors.2

The premise of these studies is that observed daily wage variation is tran-
sitory, so income effects can be ignored, and workers are autonomous, so
they are able to adjust labor supply in response to wage fluctuations. Given
these labor market conditions, such studies should consistently find larger
labor supply elasticities relative to earlier studies if the neoclassical model is
an appropriate characterization of labor supply and the auxiliary assumptions
of the model are satisfied. Contrary to this prediction, two studies—Camerer
et al. ð1997Þ and Chou ð2002Þ—report large and statistically significant neg-
ative wage elasticities in the New York City and Singapore taxicab industries,
respectively. Several explanations for these results have been suggested, and
determining which explanation is responsible is critical for policy evaluation.3

As discussed in Oettinger ð1999Þ and Farber ð2005Þ, one explanation is a
flawed estimation methodology. Given the nature of the taxi industry and
the data that researchers have been given access to, it is not clear that these
studies offer valid elasticity estimates. First, it has proven difficult to identify
exogenous variation in the daily wage, and endogeneity of the wage—either
in the sense in which labor supply affects the wage or in the sense of an
ing data and the National Marine Fisheries Service and National Sea Grant Office
for providing funding. A special thank you to Simon Stafford and Mimi Stafford for
invaluable help characterizing labor supply decisions made by Florida lobster fisher-
men.Contact the author at t.stafford@unsw.edu.au. Information concerning access to
the data used in this article is available as supplementarymaterial online in a zip file.

1 See, e.g., MaCurdy ð1981Þ, Browning, Deaton, and Irish ð1985Þ, and Altonji
ð1986Þ.

2 See, e.g., Camerer et al. ð1997Þ, Oettinger ð1999Þ, Chou ð2002Þ, and Fehr and
Goette ð2007Þ.

3 See Farber ð2008Þ for a discussion of policy implications.
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omitted variable that independently affects both the wage and labor supply—
can generate negative bias in the estimatedwage elasticity.4 Second, these stud-
ies do not have access to a complete panel of taxi drivers, so any bias due to
self-selection cannot be controlled for whenmodeling daily hours worked.
If daily shocks affect the probability of participating and hours worked in
the same direction, which seems likely, the wage and the error term in the
hours equation will be negatively correlated, thereby producing negative
bias in the estimated elasticity.5 Finally, using the observed wage, rather than
a proxy, runs the risk of introducing measurement error. Because hourly
earnings are calculated by dividing total daily earnings by total hours worked,
measurement error will induce a negative correlation between the calculated
wage and hours worked. All of these issues have the potential to bias the es-
timated elasticity downward.
Another explanation for these results is a flawed model of labor supply.

In light of their results, Camerer et al. ð1997Þ suggest that rather than
intertemporally substituting leisure for labor when wages are temporarily
high, taxi drivers have daily income targets, leading them to work less
when wages are high and more when wages are low. The idea that workers
make labor supply decisions based at least in part on reference points like
income goals provides theoretical grounds for empirically observing a
negative wage elasticity. But, while many studies have found evidence sup-
porting the existence of reference dependence in labor supply decisions,
the importance of reference dependence to overall labor supply remains
unclear for a couple of reasons. First, the majority of studies on reference
dependence focus solely on the daily hours decision, and overall labor sup-
ply is likely also a function of daily participation and effort per hour.6 So,
4 For example, a positive shock to earnings in industries in which cab drivers
typically hold second jobs will induce some cab drivers to shift out of the taxi indus-
try, thereby decreasing aggregate taxicab labor supply and increasing the equilibrium
taxicab wage. Similarly, any event that simultaneously decreases one’s preference to
drive a cab and increases demand for taxicab services generates negative bias if it is
not controlled for. Examples might include holidays, sporting events, or subway break-
downs, which increase the cost of acquiring a cab from a leasing company and in-
crease demand for transportation via taxicab.

5 Consider a shock that reduces a cab driver’s reservation wage ðe.g., a negative
shock to household employmentÞ. Such a shock makes a driver more likely to par-
ticipate and more likely to work longer hours for any given wage. Since the econo-
metrician only observes hours when the wage exceeds the reservation wage, low
wages are more likely to be observed when accompanied by a positive shock to par-
ticipation and hours. This induces a negative correlation between observed wages and
hours worked.

6 Camerer et al. ð1997Þ, Chou ð2002Þ, Farber ð2005, 2008Þ, and Crawford and Meng
ð2011Þ study taxicab drivers and focus on the daily hours decision only. Camerer
et al. ð1997Þ argues that taxi drivers have limited ability to adjust their schedules
so that the participation decision should be negligible. However, given data limita-
tions, this cannot be tested. In the laboratory, Abeler et al. ð2011Þ and Gill and Prowse
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while it is possible that daily hours decrease in response to temporary in-
creases in the wage, the effect of wage changes on overall labor supply is
unknown. Second, due to data limitations, with the exception of Camerer
et al. ð1997Þ andChou ð2002Þ, these studies do not attempt to estimate awage
elasticity of daily hours, so while reference dependence may be a legitimate
aspect of preferences, it is unclear whether it is strong enough to produce a
negative elasticity.
This paper aims to shed light on both possible explanations. Using an

unusually large and unique complete panel data set of Florida lobster fish-
ermen, I estimate a neoclassical model of labor supply where labor supply is
a function of daily participation and daily hours worked. Importantly, daily
variation in participation, hours worked, and earnings is present: during the
season, fishermen are free to choose when and for how long to fish and,
given the nature of fishing, both landings and the dockside price vary from
day to day. To my knowledge, this is the largest data set used for these
purposes, with almost 1,000 fishermen observed on a daily basis for an aver-
age of five fishing seasons, or more than 300 days, and it is the only
studied industry in which workers vary both daily participation and daily
hours and this variation is observable. The contributions of this work are
threefold.
ðiÞ To my knowledge, this is the first study to estimate the wage elas-

ticity of daily hours worked using a framework that controls for self-
selection bias, endogeneity of the wage, and measurement error in hours.7
7 While Fehr and Goette ð2007Þ refers to “shifts worked” as an hours decision and
“messages delivered per shift” as an effort decision, shift lengths are always 5 hours
and workers in their sample never work more than one shift per day. As such
choosing an optimal number of shifts to work is more analogous to a daily par-
ticipation decision than to a daily hours decision since daily hours are constant
Given labor market characteristics, Oettinger ð1999Þ and Giné et al. ð2010Þ assume
that workers are unable to vary daily hours worked and therefore assume an hours
elasticity of zero.

ð2012Þ find evidence of reference dependence in the provision of effort. However
given the setting, daily participation, i.e., whether or not subjects choose to show
up, is not studied. Tomy knowledge, Fehr andGoette ð2007Þ andGiné et al. ð2010Þ
are the only studies that examine reference dependence in the context of overall labor
supply. Giné et al. ð2010Þ investigates how last week’s earnings, conditional on last
week’s labor supply, affect today’s participation in the South Indian fishing indus-
try. The authors find evidence of a negative effect of recent earnings on the probability
of participating today, which is suggestive of reference dependence in participation
Fehr andGoette ð2007Þ investigates how Swiss bike messengers vary their labor supply
in response to an exogenous increase in the message commission rate. In partic-
ular, Fehr and Goette look at how the number of shifts worked and the number of
messages delivered per shift during the 4-week commission hike differ from the
baseline. They find a substantial increase in shifts worked but a slight decrease in
messages delivered per shift as a result of the increased commission rate, suggestive
of reference dependence in effort provision.
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Specifically, I control for self-selection by exploiting the fact that pref-
erences for fishing differ by day-of-week and on days preceding hurri-
cane activity and that day-of-week fishing preferences also differ by age,
while earnings do not vary across these dimensions. To deal with poten-
tial endogeneity and measurement error, I use an imputed wage. The effect
of the imputed wage on labor supply is identified under the assumption
that earnings vary with the moon cycle while preferences for work do not.
ðiiÞ I am able to compare elasticity estimates that control for self-selection,

endogeneity, and measurement error with estimates that do not in order to
identify the extent to which these issues affect results. In particular, I can
test whether these econometric issues are able to generate spurious neg-
ative and significant elasticities in a real labor market.
ðiiiÞ Industry characteristics and the richness of the data permit estima-

tion of both the wage elasticity of participation and of daily hours worked.
To my knowledge, estimation of both of these margins has not been tackled
within the same study. While results will certainly be industry specific, it
is informative to observe over which margin workers are most willing to
adjust labor supply.
When I control for self-selection, endogeneity, and measurement error,

estimates of both elasticities are positive and significant across a number of
specifications. Estimates of the wage elasticity of daily hours range from
0.062 to 0.066, and estimates of the wage elasticity of participation range
from 1.05 to 1.26, suggesting that fishermen are more willing to adjust labor
supply at the extensive margin in response to temporary variations in earn-
ings. Estimates of the participation elasticity are similar to the experimen-
tal results reported in Fehr and Goette ð2007Þ and are roughly twice the
size reported in Oettinger ð1999Þ and Giné, Martı́nez-Bravo, and Vidal-
Fernández ð2010Þ, which may reflect industry differences and differences
in credit constraints, respectively. While these results suggest an important
role for intertemporal substitution in models of fishermen’s labor supply,
they do not imply the nonexistence of reference dependence. However,
they do imply that, for the average fisherman, any propensity to set daily
hours based on income goals is not strong enough to erode the propensity
to intertemporally substitute leisure for labor when the wage is tempo-
rarily high.8 Fehr and Goette ð2007Þ and Giné et al. ð2010Þ arrive at similar
conclusions.9

Models of daily hours that do not correct for self-selection, endogeneity,
and measurement error produce the opposite result: a negative and signifi-
8 While this appears to be true on average, models estimated separately for each
individual suggest that some fishermen ð17%Þ may actually reduce hours when earn-
ings are temporarily high. See Sec. V.A for a discussion.

9 “The behavioral forces that worked in favor of intertemporal substitution out-
weighed any opposing forces” ðFehr and Goette 2007, 300Þ. “Compared to partici-
pation elasticities, the effects of recent earnings are small” ðGiné et al. 2010, 19Þ.
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cant estimate of the wage elasticity. Similarly, models of daily participation
that do not correct for endogeneity and measurement error produce es-
timates of the participation elasticity that are roughly three-quarters the
size of estimates that do control for these issues, a result similar to that
found in Oettinger ð1999Þ. These analyses highlight the importance of con-
trolling for endogeneity and measurement error, in particular when esti-
mating elasticities.

II. Background Information on the Florida
Spiny Lobster Fishery

Commonly referred to as spiny lobsters, panulirus argus are warm-water,
clawless lobsters found in the western Atlantic waters from North Car-
olina to Brazil.10 In the United States, spiny lobsters are primarily har-
vested in Florida’s southernmost counties, Monroe and Dade, both in
Atlantic waters and the Gulf of Mexico. The Florida fishery consists of a
recreational sector and a commercial sector of trappers and divers. Com-
mercial fishermen are responsible for the majority of annual landings ðtyp-
ically 75%–80%Þ, and trappers are responsible for the majority of com-
mercial landings ðtypically 85%–95%Þ. Trappers are also more likely than
divers to be full-time fishermen who rely on fishing as a main, if not their
only, source of income. For these reasons, and for identification reasons
described in Section III.A, I focus my analysis solely on commercial trap
fishermen. The data I have access to, which are discussed in detail in Section
IV, allow me to track individual saltwater products licenses across time. Very
few individuals own more than one license, and virtually all license holders
operate their own vessel. Therefore, a license, vessel, or captain reasonably
identifies the same unit. Throughout the text, I use the term “fisherman” or
“trapper” to refer to such a decision-making unit.
The commercial lobster trap fishery is governed by a number of regula-

tions. All commercial fishermen must possess a valid saltwater products
license in order to catch and sell lobsters, and harvesting lobsters below
a minimum size and females carrying eggs is prohibited. To encourage
spawning, the season is closed from April 1 to August 5. Beginning in 1992,
a transferable trap permit program was implemented that capped the to-
tal number of traps allowed in the industry. Trappers were issued trap per-
mits based on the number of pounds of lobsters sold the previous two out
of three seasons and were subsequently allowed to buy and sell permits
from one another. Fishermen use hydraulic pullers to hoist buoy-marked
traps into vessels. Because it is difficult for law enforcement to determine
10 Background information is compiled from the Florida Fish and Wildlife Con-
servation Commission’s Division of Marine Fisheries Management, the Food and
Agriculture Organization of the United Nations, Shivlani et al. ð2004Þ, and personal
accounts from fishermen.
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whether fishermen are pulling only their own traps when it is dark, fish-
ermen are permitted to pull traps only during daylight hours. Conditional
on satisfying these regulations, trappers are permitted to fish as frequently
and for as many hours as they wish, and there is no restriction on the
quantity they can sell. They are also free to fish in any nonprotected lo-
cation, to move traps as often as they choose, and to buy or sell trap permits
at any time.
Lobsters can generally survive out of water for 12–14 hours provided

that they are kept cool and damp. Beyond this, vessels either need to be
outfitted with aerated water tanks to keep lobsters alive or with a supply
of ice and a holding chamber to keep meat fresh. During the sample pe-
riod, most vessels were not equipped to store lobsters in either capacity.
Consequently, fishermen are rarely observed to remain at sea for more
than a day at a time. Upon returning to port, fishermen sell live, whole
lobsters to wholesale dealers at a spot price typically known to fishermen
prior to leaving the dock. Dealers either cook lobsters whole or remove
and freeze the tails on site before selling them. Only in the past few years,
outside the period studied here, has there been a market for live lobsters. As
a result, spiny lobsters are relatively storable and easy to transport.
In addition to industry entry costs, such as acquiring a vessel and trap

certificates, fishermen face daily participation costs, which primarily con-
sist of bait, fuel, and crew. Bait expenditures vary with the number of traps
pulled, although many fishermen do not even use bait, preferring to use
live undersized lobsters to attract legal lobsters instead. Because fisher-
men must travel some distance before arriving at their first trap, there are
both fixed and variable costs associated with fuel. Arrangements vary, but
most fishermen requiring crew pay a fixed daily rate. Crew are typically
hired on a continuing basis and are expected to be available whenever
the captain chooses to fish, which may be on weekends, for numerous days
in a row, or not at all for several days due to inclement weather or poor
expected earnings, for example.
A trapper’s daily earnings are a function of the price and quantity of

lobsters sold. Both of these vary on a daily basis. The daily price varies ac-
cording to global supply and demand. While spiny lobsters consistently
rank among the top five commercial fisheries in Florida in terms of dock-
side value, Florida is generally responsible for only 4%–7% of annual
global catch. Furthermore, many lobster species similar in appearance and
taste to panulirus argus are harvested in other parts of the world. Given
Florida’s small global contribution, the storability and transportability of
lobsters, and the availability of close substitutes, daily prices should be
reasonably exogenous to the local supply of lobsters.
Daily catches vary for a variety of reasons, and much of this variation is

predictable. Lobsters tend to be more abundant early in the season when
new recruits from the summer closure are bountiful and lobsters have not
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migrated to other waters. A lobster’s preferred habitat is a dark, enclosed
area, such as under coral heads, where it is protected from prey. During
the new moon, when they are protected by dark waters, lobsters are more
likely to venture out of reefs and find their way into traps. Consequently,
catches are higher in the days surrounding the new moon. For the same
reason, catches tend to be higher on rainy days when cloud cover reduces
visibility. Lobsters also tend to relocate from reefs to traps when waters
are rough, such that catches are typically higher following strong winds.

III. Empirical Models of Labor Supply

A. Individual-Level Model of Labor Supply

A fisherman’s total supply of labor is a function of daily participation,
daily hours worked, and effort exerted per hour. Given data availability,
I focus on the participation and hours decisions only.11 To the extent that
fishermen provide more effort when earnings are high, the overall wage
elasticity of labor supply will be downward biased, and vice versa. Fol-
lowing MaCurdy ð1981Þ, I estimate the following Frisch ðor l-constantÞ
hours of work equation:

lnHit 5 dhlnWit 1 Zitgh 1 Fhi 1 ehit: ð1Þ

This equation specifies fisherman i’s hours worked on open-season day t
as a function of hourly earnings, Wit, a vector of observables conditioning
labor supply, Zit, a fisherman-specific fixed effect, Fhi, and an unobserved,
independent, random component, ehit. The subscript h is used to distinguish
components of the hours model from the participation model, which is dis-
cussed next. The inclusion of individual fixed effects permits fisherman-
specific heterogeneity in hours worked that is constant throughout the fish-
erman’s tenure in the sample, such as unobserved components of wealth and
motivation.
To capture temporal variation in preferences for fishing, Zit includes a

set of year indicator variables, a set of month indicator variables, and in-
dicator variables for Saturday and Sunday. I also include interactions of
Saturday and Sunday with an indicator variable equaling 1 if the fisherman
11 While I do observe the number of traps pulled for a subset of trips, it is not
clear how this maps into effort. For example, it is more time consuming to pull a
trap full of lobsters than an empty trap because time must be spent unloading it
ðNote that traps are usually dropped in waters between 20–50 feet deep, making
it virtually impossible to tell whether traps have lobsters in them or not before
pulling them.Þ Simply looking at traps pulled per hour not only masks this, but
it might also mistakenly suggest a negative relationship between earnings and effort
Moreover, fishermen claim that they expend fairly constant effort, taking as long as
needed to pull each trap.
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is older than 30 years of age in order to capture differences in weekend fish-
ing preferences between young and old fishermen.12 The vector Zit also
contains a number of weather-related variables: ðiÞ average daily wind speed,
measured in meters/second ðm/sÞ, and its square; ðiiÞ a 2-day lag of average
daily wind speed, measured in meters/second, and its square; ðiiiÞ total daily
rainfall, measured in inches; and ðivÞ three indicator variables that capture
hurricane activity—whether a hurricane is anticipated to hit land within the
next 3 days, whether a hurricane is presently ashore, and whether a hur-
ricane made landfall in the past 3 days.13 Finally, to capture variations in
nonfishing opportunities, Zit also includes the monthly, seasonally-adjusted
unemployment rate for the state of Florida.14

Fishermen determine whether or not to participate each day by com-
paring utility from participation, UðH > 0Þ, with utility from nonpartici-
pation, UðH 5 0Þ.15 If fisherman i is observed to participate in the lobster
fishery on open season day t, then it is assumed thatUðH > 0Þ ≥UðH5 0Þ.
Therefore, the probability of participation, Pðparticipationit 5 1Þ, is
P½UðH > 0Þ2UðH 5 0Þ ≥ 0�it 5 FðεpitÞ, where Fð·Þ is the standard normal
cumulative distribution function and epit is the combined random error
component of ½UðH > 0Þ2UðH 5 0Þ�. When fishermen decide whether
or not to participate, they do so by comparing expected hourly earnings,
or the “wage,” with their “reservation wage.” Therefore, the structural
equations for the probability of participation and daily hours worked share
the same explanatory variables. The structural participation equation is given
by

Pðparticipationit 5 1Þ5 FðFpi 1 dplnWit 1 ZitgpÞ; ð2Þ
12 Note that while age does vary for fishermen remaining in the sample for more
than 1 year, age itself cannot be included because it is colinear with year indicators
and fisherman fixed effects.

13 The National Oceanic and Atmospheric Administration’s ðNOAAÞ historical
weather buoy database ðhttp://www.ndbc.noaa.govÞ records weather conditions
every hour at numerous buoys spanning the coast of Florida. To determine daily
wind speed, for each buoy, I average hourly wind speed from midnight until noon
for each open season day in the sample. Results are robust to other averaging
methods, such as using only the first 6 hours or using the full 24 hours of data each
day. I assign daily wind speed to each fisherman-day observation using data from
the buoy closet to the modal area fished by each fisherman in each month. NOAA’s
National Climatic Data Center ðhttp://www.ncdc.noaa.gov/Þ records daily precipita-
tion data at almost 400 monitoring stations across Florida. I match fishermen to the
closest station using the zip code associated with the fisherman’s license. Information
on hurricanes is taken from a variety of sources, such as news articles, that docu-
ment the anticipated and actual path of hurricanes.

14 Unemployment data are obtained from the Bureau of Labor Statistics.
15 In modeling participation, I follow Kimmel and Kniesner ð1998Þ.

This content downloaded from 149.171.210.013 on April 05, 2016 00:58:07 AM
ll use subject to University of Chicago Press Terms and Conditions (http://www.journals.uchicago.edu/t-and-c).



692 Stafford

A

where the coefficients on the explanatory variables include the subscript
p to distinguish them from the coefficients in equation ð1Þ.16
The estimated coefficient on hourly earnings in equation ð1Þ, d̂h, mea-

sures the Frisch wage elasticity of daily hours worked. The estimated elas-
ticity of a wage change on the probability of participation, derived from
equation ð2Þ, is given by d̂pfðF̂pi 1 d̂plnWit 1 ZitĝpÞ=FðF̂pi 1 d̂plnWit 1 ZitĝpÞ;
where f denotes the standard normal probability distribution function.
Both elasticities should be strictly positive if fishermen behave according
to the neoclassical model. If effort per hour remains constant, as assumed,
then the sum of these elasticities provides an estimate of the intertemporal
elasticity of substitution.
Estimation of equations ð1Þ and ð2Þ proceeds in several steps. Given the

data, hourly earnings, Wit, are necessarily calculated by dividing fisher-
man i’s total daily earnings on day t by total hours worked that day, Hit.
Anecdotally, fishermen claim that within-day earnings are fairly constant,
so this seems a reasonable approach. Furthermore, to the extent that earnings
do vary within a day, variation should not be predictable. Nevertheless, be-
cause of the way hourly earnings are calculated, hours worked appears in
reciprocal form on the right-hand side of equation ð1Þ. As a result, any clas-
sical measurement error in hours recorded or misspecification of the model
will induce a negative correlation between hours worked and hourly earn-
ings.Another potential problemwith estimating equation ð1Þ using observed
earnings is that hourly earnings and hours worked conditional on hourly
earnings may be jointly determined, in part, by the same factors. If these
factors are unobserved, such that they remain part of the error term, hit, the
coefficient on earnings will be biased. Finally, I only observe earnings for
days on which fishermen chose to participate. However, in order to ana-
lyze daily participation, a measure of earnings for each open-season day,
including nonparticipation days, must be available. For these reasons, I
impute hourly earnings based on the following specification,

lnWit 5 X itb1 Fwi 1 ewit; ð3Þ
and I use predicted values, dlnWit, in place of observed earnings in equa-
tions ð1Þ and ð2Þ. This equation specifies fisherman i’s average hourly
16 Methods for estimating fixed effects specifications in linear models that do not
require explicit estimation of the “nuisance” parameters associated with the fixed ef-
fects do not readily generalize to nonlinear models such as the above specification
for participation. It is possible to estimate the fixed effects parameters along with
the main parameters of interest, but when the length of the panel ðT Þ is small this
is not advisable because it introduces an incidental parameters problem. How-
ever, I have, on average, more than 300 observations per fisherman, and so the only
problem associated with the direct estimation of individual fisherman fixed ef-
fects is that it is computationally cumbersome. See Greene ð2004Þ for further dis-
cussion.
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earnings on open-season day t as a function of a vector of observables
determining earnings, Xit, a fisherman-specific fixed effect, Fwi, and an
unobserved, independent, random component, ewit. The inclusion of Fwi

introduces time-constant, fisherman-specific heterogeneity, such as un-
observed components of ability, which allows for permanent differences in
earnings across fishermen.
To capture temporal variation in fishing revenues, Xit includes a set

of year indicator variables and a set of month indicator variables. The vec-
tor Xit also includes many of the same weather-related variables included
in Zit: ðiÞ average daily wind speed and its square, ðiiÞ a 2-day lag of average
daily wind speed and its square, ðiiiÞ total daily rainfall, and ðivÞ indicator
variables for whether a hurricane is presently ashore and whether a hurri-
cane made landfall in the past 3 days. To capture the effect of the moon cycle
on earnings, I include a continuous variable that equals 0 during the new
moon, 1 during the full moon, and the appropriate fraction for moon
phases in between. Finally, to account for the possibility that lobster prices
are affected by regional demand, I include the monthly, seasonally-adjusted
unemployment rate for the state of Florida.
Because fishermen choose to participate by comparing earnings with

their reservation wage, any shock that affects earnings, but not the reser-
vation wage, will induce correlation between the explanatory variables and
the error term in equation ð3Þ. For this reason, I estimate a selectivity-
corrected version of equation ð3Þ that accounts for nonrandomness in ob-
served earnings due to self-selection. Following the recommendation of
Puhani ð2000Þ, rather than use the limited information Heckman two-step
estimator, I jointly estimate equation ð3Þ and a reduced form probit model
for participation via full information maximum likelihood, known as a
type 2 Tobit model in the language of Amemiya ð1984Þ. All variables that
may directly or indirectly affect participation—namely, Xit, Zit, and a set of
fisherman-specific fixed effects—are included as explanatory variables in the
reduced form probit model.
Beyond relying on functional form differences, identification of the model

requires that some observables affect participation but not earnings. I assume
that Saturday and Sunday, interactions of these variables with the age indi-
cator variable described above, and an indicator for whether a hurricane is
anticipated to make landfall within the next 3 days satisfy this requirement.17

I discuss the assumptions associated with each set of exclusions in turn.
For Saturday and Sunday to be valid exclusions, earnings ði.e., prices, land-
ings, and expensesÞ must not systematically vary by day-of-week. Because
lobsters are easily storable and transportable, and because Florida’s contri-
17 To test the validity of these exclusions, I estimate two additional specifications
of the earnings equation, which vary the set of excluded variables. Results are dis-
cussed in Sec. V.A.
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bution to global supply is small, the equilibrium price should be unaffected
by any day-of-week variations in aggregate supply or demand.18 There is
also no reason to expect landings to vary by day-of-week. This is partic-
ularly true for trap fishermen, who are unlikely to experience daily abun-
dance variation due to contemporaneous or recent aggregate participa-
tion.19 Furthermore, two independent sources suggest that the average length
of time each trap is left to soak between pulls is 9–10 days.20 As a result,
inactivity on a Saturday or Sunday should not increase expected landings on
Monday, for example. Finally, fishermen do not pay crew higher wages to
work on weekends, so there is no reason to expect expenses to vary by
day-of-week.
By excluding weekend-age interactions from the earnings equation, I

assume that, while day-of-week preferences for fishing may differ by age,
any differential in earnings due to age is constant across days of the week.
This weaker assumption would be violated if younger fishermen were
relatively more ðor lessÞ productive on weekends, which seems unlikely.
For the last exclusion to be valid, earnings must not be systemically

higher or lower in the days preceding a hurricane. The rationale for this
assumption is that, while fishermen are less likely to participate on these
days because of the need to secure vessels and possibly move traps, these
days exhibit the same characteristics as any other ðe.g., weather patterns
have not yet changedÞ and will, therefore, not attract an earnings differ-
ential. Implicit in this argument is that fishermen who do choose to fish
will have crew at their disposal and that dealers do not adjust prices in
response to expectations about the effect of impending hurricanes on the
supply of lobster.21 Fortunately, the majority of the hurricanes in the sam-
ple studied here are small, suggesting little evacuation response and thus
a negligible effect on crew availability. In addition, while hurricanes reduce
lobster abundance if they destroy traps and reefs, they can increase abun-
dance if habitats avoid a direct hit or wind speeds are not too great since
moderate wind is actually beneficial. As a result, it is not obvious, a priori,
in which direction dealers would adjust prices.
Using the estimates of the selectivity-corrected earnings equation, I con-

struct an uncensored sample of average hourly earnings for each fisherman
18 I provide a test of this assumption in app. A. Results support this claim.
19 Unlike in the taxicab and stadium vendor labor markets, e.g., whether or not

other fishermen choose to participate ði.e., pull their trapsÞ on a given day should
have virtually no effect on one’s own landings for that day.

20 The 2007–8 personal logbook of one full-time commercial lobster trap fisher-
man indicates a median soak time of 10 days. A 2000–2001 survey of 272 commer-
cial lobster trap fishermen—discussed in Shivlani et al. ð2004Þ—suggests an average
soak time of 8.59 days.

21 I provide a test of this latter assumption in app. A. Here, too, results support
this claim.
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on each open-sea day they are in the sample. Next, I estimate a selectivity-
corrected version of equation ð1Þ that, again, accounts for the fact that fish-
ermen are able to choose when to participate, leading to a nonrandom
sample of observed hours. I estimate by maximum likelihood a type 2
Tobit model in which equation ð1Þ and a reduced form probit model for
participation are jointly estimated. As above, the latter includes Xit, Zit,
and a set of fisherman-specific fixed effects as explanatory variables. Given
the use of imputed earnings in equation ð1Þ, identification requires that
some observables affect earnings but not participation, except through their
effect on earnings. I assume that the lunar phase satisfies this requirement.
Given that trappers fish during daylight hours and dock vessels in deep
waters where they are unaffected by the tide, and given that other primary
fisheries are closed during the period studied here, this seems a reasonable
assumption.22

Finally, I estimate the structural probit model of participation, equa-
tion ð2Þ, again replacing observed earnings with imputed earnings. Iden-
tification is achieved under the same requirements and assumptions as with
equation ð1Þ.

B. Identifying the Effect of Self-Selection, Measurement
Error, and Endogeneity on the Estimated Wage

Elasticity of Daily Hours Worked

Camerer et al. ð1997Þ investigate the effect of temporary wage changes
on the labor supply of New York City taxi drivers by estimating versions
of equation ð1Þ. In their first specification, the authors use observed aver-
age hourly earnings as their metric for Wit, calculated as cab driver i’s total
fare income on day t divided by total hours worked on day t, Hit. This
specification produces substantially negative estimates of dh. Noting that
measurement error has the potential to generate spurious negative elas-
ticities, the authors attempt to address this issue by using an instrumental
variables ðIVÞ approach. They instrument the daily wage using summary
statistics of the distribution of wages for all other drivers observed that
day. Their overall conclusion is unchanged. However, whether these in-
struments are uncorrelated with the measurement error in hours such that
they properly deal with the bias is unclear. In addition, self-selection and
endogeneity are not addressed.23

Given the data that I have access to and the industry characteristics of the
Florida lobster fishery, I am able to estimate versions of equation ð1Þ that
22 Although lobster divers’ fishing preferences should be similarly unaffected
by the moon, the moon phase is not as strong of a predictor for divers’ landings.
Hence, the use of trap fishermen in this analysis.

23 Camerer et al. ð1997Þ argue that self-selection should not pose a problem in
their study because cab drivers lack the flexibility to choose their shifts. However,
they are unable to test this assumption.
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address each of these econometric concerns one at a time in order to
identify the impact that each has on the ensuing elasticity estimate. I esti-
mate the following five versions of equation ð1Þ: Model 1 uses observed
average hourly earnings, calculated as fisherman i’s total daily earnings
on day t divided by total hours worked on day t. This is akin to the first
specification estimated in Camerer et al. ð1997Þ. Model 2 attempts to re-
move the bias introduced by measurement error by using the same ap-
proach in Camerer et al. ð1997Þ. In particular, I instrument the daily wage
using the 25th, 50th, and 75th percentiles of the hourly earnings distribu-
tion for that day. Model 3 instead uses the lunar phase to instrument the
wage. To the extent that there are calendar date effects in measurement
error, this specification better controls for measurement error. Perhaps
more important, this approach also provides exogenous variation in daily
earnings, thereby removing bias due to endogeneity of the wage. Model 4
builds on model 3 by also controlling for self-selection in the wage equa-
tion.Model 5 additionally controls for self-selection in the hours equation.

C. Identifying the Effect of Measurement Error and Endogeneity
on the Estimated Wage Elasticity of Participation

To investigate the effect of measurement error and endogeneity of the
wage on the wage elasticity of participation, I estimate an aggregate model
of labor supply. Following Oettinger ð1999Þ, I specify the aggregate labor
supply model as follows:

lnHt 5 ~dhlnWt 1 Zt ~gh 1 ~eht; ð4Þ

and

lnWt 5 X t
~b1 ~ewt: ð5Þ

Equation ð4Þ specifies aggregate hours worked, Ht, as a function of aver-
age hourly earnings,Wt, a vector of observables conditioning labor supply,
Zt, and an unobserved, independent, random component, ~eht. The tilde ð∼Þ
is used to distinguish aggregate parameters from the individual parameters
in equations ð1Þ–ð3Þ. The vector Zt includes year indicators, month in-
dicators, indicators for Saturday and Sunday, the unemployment rate, and
observation-weighted averages of the same weather variables included in
equation ð1Þ. Equation ð5Þ specifies average hourly earnings, Wt, as a func-
tion of earnings shifters, Xt, and an unobserved, independent, random com-
ponent, ~ewt. The vector Xt includes year indicators, month indicators, the
unemployment rate, observation-weighted averages of the same weather
variables included in equation ð3Þ, and the moon phase variable. If the
model is correctly specified, ~̂dh measures the Frisch wage elasticity of labor
supply.
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However, average hourly wages may be negatively correlated with ag-
gregate hours worked if, for example, there are calendar date effects in the
measurement error in hours. Furthermore, any omitted variable that is cor-
related with average hourly earnings and aggregate hours worked condi-
tional on earnings will introduce further bias in the estimated elasticity. In
such cases, OLS estimation of equation ð4Þ will produce a biased estimate
of the elasticity. To determine the extent of the bias, following Oettinger
ð1999Þ, I reestimate equation ð4Þ by two-stage least squares ð2SLSÞ using the
moon phase as an instrument for average hourly earnings. Finally, I esti-
mate versions of ð4Þ for which aggregate participation, and not aggregate
hours, is the left-hand side variable. Comparison of elasticity estimates across
aggregate hours and aggregate participation models provides additional
information on the size of the hours elasticity relative to the participation
elasticity.
IV. Data and Descriptive Statistics

Since 1978, dealers have been required to fill out a Marine Fisheries Trip
Ticket for each purchase of marine life and to submit this to the Florida Fish
and Wildlife Conservation Commission ðFWCÞ, the governing regulatory
agency. These records provide rich information on daily labor supply and
constitute the main data used in this analysis. Information recorded on trip
tickets includes ðiÞ the fisherman’s unique saltwater products license num-
ber, which can be used to track individual behavior across time, ðiiÞ the trip
date, ðiiiÞ the trip length, ðivÞ the location of the trip and the location of the
sale, which can be used to link geographical variables, like weather, to each
trip made, ðvÞ the fishing gear used, and ðviÞ the composition of species
sold, including the price and quantity of each, which provides information
on daily earnings. While it is mandatory for dealers to fill out and submit
these trip tickets, they are not used for tax purposes, and I am not aware
of any reason for dealers or fishermen to intentionally misreport any infor-
mation recorded on these trip tickets.
The FWC provided me with all trip ticket records between and includ-

ing the 1996 and 2007 lobster seasons for which any amount of lobsters was
recorded as sold. From this set of trip tickets, the FWC compiled a list of
fishing licenses and additionally provided any remaining trip tickets that
matched on fishing license. As a result, the data constitute a complete panel
of all sales made in Florida between the 1996 and 2007 lobster seasons by
fishermen that ever sold spiny lobsters. Because it is rare for a commercial
fisherman to make a trip but have no catch to sell, it is reasonable to assume
that for each fisherman in the sample, I observe each and every day they
chose to fish and, importantly, each and every day they chose not to fish.
I provide a brief discussion of these trip tickets below, but I leave much of
the detail to appendix B of this article ðapps. A–D available onlineÞ.
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This large set of trip tickets includes a variety of fishermen and a variety
of fishing trips. In order to analyze the labor supply decisions of lobster
trap fishermen in the lobster fishery, specifically, this population and their
trip tickets must be identified and extracted from the larger data set. To
do so, it is necessary to ðiÞ categorize each observed trip containing some
amount of lobsters as either participation or nonparticipation in the lob-
ster fishery, ðiiÞ determine the primary gear type used by each fisherman to
harvest lobsters, and ðiiiÞ classify each fisherman as either a lobster fisher-
man—in the sense that fishing for lobsters is regularly in their daily choice
set—or a non–lobster fisherman. The criteria used to define lobster trips
and lobster trap fishermen and the effect of these criteria on the sample size
and composition are discussed in appendix B.24

Although the lobster season is open from August 6 until March 31, I
restrict my analysis to the first 70 days of each season. The reason for this
is to simplify identification of the model. Between August 6 and Octo-
ber 14, there is very little fishing activity by lobster fishermen in other
fisheries.25 Indeed, lobster sales constitute 98.4% of the value of all species
sold during this period by fishermen in the sample. Focusing on the first
2.5 months of each season makes identifying factors that affect expected
earnings in the lobster fishery but that do not affect outside opportunities
more straightforward because outside opportunities do not include the
somewhat similar option of fishing for other species.
In order to estimate the wage elasticity of daily hours worked, hours

spent at sea must be observed. Unfortunately, in some instances this infor-
mation is not recorded and in others “days” rather than “hours” is recorded
as the unit of measurement.26 To deal with this issue, I construct two dif-
ferent samples. In the first, which I refer to as having “Incomplete Hours
Records,” I simply drop all invalid trip tickets, where “invalid” refers to trip
tickets missing hours information or recording “days” at sea. The assump-
tion maintained is that invalid trip tickets are not systematically different
from “valid” trip tickets in such a way that would influence results. The
raw data suggest that this is a reasonable assumption. Nevertheless, I also
estimate models using only fishermen with Complete Hours Records in
the sense that hours fished is always recorded. However, this is not a rep-
resentative sample of fishermen. The more lobster trips a fisherman makes,
the greater the chance that at least one trip ticket will be invalid such that
24 In app. C, I vary the criteria used to define the relevant population. Esti-
mates are qualitatively similar across specifications. Refer to app. C for results.

25 This is primarily due to the fact that the stone crab and kingfish fisheries—the
two fisheries in which lobster fishermen most frequently participate—are closed
during this period.

26 By and large, trip tickets that record “days” record a single day at sea. Multiday
trips are rare.

This content downloaded from 149.171.210.013 on April 05, 2016 00:58:07 AM
ll use subject to University of Chicago Press Terms and Conditions (http://www.journals.uchicago.edu/t-and-c).



An Empirical Investigation of Labor Supply 699

A

when fishermen with incomplete hours records are dropped, this dispro-
portionately affects fishermen who have made a large number of trips.
While it is fairly clear on which days each fisherman chose to partici-

pate, it is less clear on which days they are able to participate in the sense
that fishing for lobsters is justly in their choice set. Because fishermen
must drop traps before they can fish and must remove traps from the
ocean before the end of the season, and because it is unlikely for a com-
mercial fisherman to make a trip but have no catch to sell, it seems unlikely
that fishing for lobsters is a viable daily option during seasons with zero
observed trips. For this reason, I drop all fisherman-season pairs for which
no lobster trips are observed. Left to determine is when a fisherman enters
the fishery each season and ðif andÞ when a fisherman exits. For this, I con-
struct several different participation rules. Because results are robust to
variations in these rules, I discuss what I believe to be the most reason-
able rule here and leave discussion of the rest to appendix B. Here, I assume
all fishermen enter the fishery on the first day of the season. Anecdotally,
this is the norm. However, I do apply an exit rule that posits that fisher-
men exit the fishery immediately after their last observed trip over the full
season. This rule assumes that fishermen do, in fact, have catch to sell on
their last trip and that once traps are removed from the ocean, fishermen
do not consider re-dropping them, which seems quite reasonable.
Table 1 describes sample sizes and presents summary statistics of key

variables. Complete summary statistics are provided in appendix B. To
generate these statistics, I first calculate participation rates, average daily
hours, and average hourly earnings for each open season day in the sample.
I then take a weighted average across all days sharing the same charac-
teristic, where daily values are weighted by the number of fishermen par-
ticipating that day. In the Incomplete Hours Records sample, there are
965 fishermen and 840 open season days. On average, 26% of active fish-
ermen participate on any given day, and fishermen work roughly 8-hour
days and earn $165 per hour.27

Key identifying assumptions of the model are ðiÞ that preferences for
fishing differ by day-of-week and on days preceding hurricane activity,
while earnings do not, and ðiiÞ that earnings vary with the lunar phase, while
preferences for fishing do not ðexcept through earningsÞ. Table 1 provides
evidence for the relevance of these assumptions. Panel A clearly displays
27 According to a 2001 survey of predominantly full-time lobster fishermen, indi-
viduals fish, on average, 4.2 days per week, which corresponds to a participation rate
of 60% ðShivlani et al. 2004Þ. Similarly, the personal logbook of one full-time com-
mercial lobster trapper suggests a participation rate of roughly 50% during the first
2.5 months of the 2007–8 lobster season. Given this information, 50%–60%, and not
100%, should be thought of as a typical participation rate for a full-time fisherman.
The lower participation rates shown in table 1 reflect the fact that many of the fisher-
men in the sample are not full-time fishermen.
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Table 1
Summary Statistics on Participation, Hours, and Earnings

Incomplete Hours
Records

Complete Hours
Records

Variable Mean SD Mean SD

Panel A: Daily Participation Rates

All days .261 .114 .236 .104
Weekdays .287 .109 .255 .100
Saturdays .244 .100 .232 .097
Sundays .152 .082 .147 .079
Hurricane ðprepÞ .079 .058 .067 .055
Week of full moon .238 .104 .213 .092
Week of new moon .291 .123 .266 .112

Panel B: Average Hours at Sea

All days 8.144 .322 8.079 .421
Weekdays 8.175 .301 8.119 .401
Saturdays 8.040 .316 7.965 .401
Sundays 8.020 .441 7.911 .535
Hurricane ðprepÞ 8.132 .586 8.081 .761
Week of full moon 8.081 .322 8.022 .419
Week of new moon 8.209 .314 8.139 .415

Panel C: Average Hourly Earnings

All days 165.27 52.46 161.23 54.58
Weekdays 165.33 51.68 161.20 53.71
Saturdays 160.98 50.82 158.11 55.09
Sundays 171.45 60.93 166.39 60.57
Hurricane ðprepÞ 183.52 77.34 159.63 53.30
Week of full moon 147.33 47.34 144.78 51.55
Week of new moon 185.08 49.99 180.64 51.89

Panel D: Sample Size

Fishermen in sample 965 804
Active fishermen on a given day 365.91 49.48 203.03 21.01
Open season days in sample 840 840
Total lobster trips made 78,914 39,825
Total choice occasions 301,924 168,707

NOTE.—Incomplete and Complete Hours Records samples are described in Sec. IV. For each open
season day in the sample, I calculate the participation rate ðdefined as the number of participating fishermen
divided by the number of active fishermenÞ, average hours at sea, and average hourly earnings. Mean”report
weighted averages of these statistics across all days sharing the same characteristic, where daily values are
weighted by the number of fishermen participating that day. To illustrate how labor supply and earning
vary with the moon cycle, I classify days as “week of full moon” if they are within 3 days of the full moon
and “week of new moon” if they are within 3 days of the new moon.

700 Stafford
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day-of-week and hurricane activity effects on participation. Roughly 15%
and 50% fewer fishermen participate on Saturdays and Sundays, respec-
tively, relative to weekdays, and 70% fewer fishermen participate on days
preceding hurricane activity relative to typical days. The pattern for daily
hours, shown in panel B, is similar to that of daily participation, but the var-
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iation is much less dramatic. Panel C shows a strong effect of the moon phase
on earnings. Average hourly earnings are roughly 25% greater on new moon
days compared to full moon days. Note that variation in labor supply with
the moon phase and variation in observed earnings with day-of-week and
hurricane activity is not indicative of failure of the identifying assumptions.
Refer to appendix B for a more thorough discussion of these and other
relationships between observables and labor supply and earnings.

V. Empirical Results

A. Individual-Level Model of Labor Supply

I estimate the individual-level empirical model of labor supply on 16 dif-
ferent samples.28 Because results are very similar across samples, in table 2,
I present results for the two samples that are created by applying the par-
ticipation rule described in Section IV to both the Incomplete and Com-
plete Hours Records samples and refer the reader to appendix C for com-
plete results. In addition to the variables listed, all regressions include year
indicators and a complete set of fisherman fixed effects. Standard errors are
clustered at the calendar date level to allow for random, unobserved daily
shocks common to all fishermen. However, standard errors in columns 2,
3, 5, and 6 are not adjusted to account for the fact that equations ð1Þ and
ð2Þ include the generated regressor, dlnWit ðsee Pagan 1984Þ. As in Miles
ð1997Þ and Benito ð2006Þ, it seems very unlikely that this correction would
cause the parameter estimates to become insignificant. Given the similarity
of results across the Incomplete and Complete Hours Records samples, I
focus my discussion below on the former.
Columns labeled “Equation ð3Þ” present estimates of the selectivity-

corrected log hourly earnings equation. Virtually all of the coefficients ob-
tain the predicted sign: earnings decrease as the season progresses; earnings
are negatively affected by wind speeds above 8.3 meters/second ðor roughly
19 miles per hourÞ, and this effect increases at an increasing rate as wind
speeds grow; earnings are higher immediately following strong winds; and
earnings significantly decrease as the moon transitions from new to full.
Importantly, this last result suggests that the moon phase is, in fact, a rele-
vant instrument for earnings. Panel B reports tests of self-selection bias in
observed earnings. The size and significance of the estimated correlation
between the errors in the earnings equation and reduced form participa-
tion equation, r̂, and the size of the p-value from a likelihood ratio test of
independence between the two equations suggest weak evidence of posi-
tive selection.
28 These samples are created by varying the criteria used to define the relevant
population and by varying the participation rule applied. Details are provided in
app. B.
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Estimates of the structural probit model for participation are shown in
columns labeled “Equation ð2Þ.” Again, essentially all coefficients obtain the
predicted sign. Fishermen are less likely to participate as the season pro-
gresses and on weekends, particularly on Sunday. The probability of partic-
ipating decreases once wind speed exceeds 4.5 meters/second ðroughly
10 miles per hourÞ, and this effect increases at an increasing rate as wind
speeds grow. Fishermen are less likely to participate on days surrounding
hurricane activity and on rainy days. Of primary interest is the effect of
predicted log hourly earnings on participation, which is identified by the
exclusion of the moon phase. The coefficient on earnings is both positive
and highly significant in all samples. The elasticity of a wage change on the
probability of participating, shown in panel C, is roughly 1.1–1.2 and is always
highly significant.29 Finally, the set of variables excluded from the earnings
equation—Saturday, Sunday, weekend-age interactions, and the hurricane
preparation indicator—are jointly significant.
Columns labeled “Equation ð1Þ” present estimates of the selectivity-

corrected log hours equation. The coefficient on predicted earnings mea-
sures the wage elasticity of hours worked and is again identified by the ex-
clusion of the moon phase. While the elasticity is positive and statistically
significant, it is much smaller in magnitude than the participation elasticity,
suggesting that trappers do not vary their hours worked much in response
to changes in expected hourly earnings. The estimated elasticity suggests that
a 1% increase in hourly earnings would lead to a 0.063% increase in hours
worked. Given mean earnings of $165/hour and mean hours worked of
8.1 hours, this translates to a 4-minute increase in time spent fishing in re-
sponse to a $20/hour increase in earnings. This contrasts with roughly a
13% increase in the probability of participating in response to the same in-
crease in earnings. In general, hours worked is less influenced by the explan-
atory variables. While coefficient signs are roughly the same as in the par-
ticipation model, magnitudes and significance are much smaller. Unlike
with observed earnings, self-selection does not appear to be an issue in
observed hours. The estimated correlation between errors, r̂, is extremely
small and insignificant and, given the p-value of the likelihood ratio test
for independence, the null hypothesis that the reduced form participation
equation and the hours worked equation are independent of one another
cannot be rejected.
Self-selection bias is identified by the exclusion of weekend indicators,

weekend-age interactions, and the hurricane preparation indicator from
the earnings equation. To test the validity of these exclusion restrictions, I
29 Wage elasticities are evaluated at the sample means of the covariates. The sample
means of the estimated elasticity for each fisherman are roughly the same and are
not presented here.
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estimate two additional specifications of the model.30 In the first, I relax
the assumption that earnings are unaffected by the onset of hurricanes and
exclude only Saturday, Sunday, and weekend-age interactions from the earn-
ings equation. The coefficient on the hurricane preparation indicator is both
small ð2.036Þ and statistically insignificant, yielding a chi-squared statistic of
0.34. In the second, I relax the assumption that earnings are constant across
days of the week and exclude only weekend-age interactions and the hur-
ricane preparation indicator from the earnings equation. Saturday and Sun-
day coefficients are both small ð.001 and .005, respectivelyÞ and indi-
vidually and jointly insignificant, yielding a joint chi-squared statistic of
0.06. Furthermore, elasticity estimates are virtually identical across all three
specifications. These findings support the validity of the exclusion re-
strictions.

1. The Role of Fixed Costs

The high fixed costs associated with daily participation, which include
crew, fuel, and time, mean that it is likely optimal to work fewer long-hour
days rather than many short-hour days. If so, this puts a lower bound on
the number of hours a fisherman will choose to work. On the other hand,
fishermen are only permitted to pull traps during daylight hours. This puts
an upper bound on the number of hours a fisherman is able to work. The
combination of these forces may be the reason for observing low between-
day variation in hours and a small hours elasticity. The fixed costs faced by
fishermen on a daily basis are likely larger than the fixed costs faced by a
typical worker. If so, it may be the case that in other industries in which the
fixed cost component to working is smaller, the hours elasticity may be
larger. Still, given that virtually all workers face daily fixed costs, it is rea-
sonable to conjecture that, in industries inwhichworkers can vary both daily
participation and daily hours, workers may be more flexible at the extensive
margin.

2. Heterogeneity

In addition to time-invariant differences in hours worked and the pro-
pensity to participate, fishermen may differ in how they respond to vari-
ables conditioning labor supply. In particular, Camerer et al. ð1997Þ posits
that an individual’s level of experience may affect how they respond to
temporary variations in the wage. If workers learn over time that working
more on high-wage days and less on low-wage days increases both income
and leisure, then wage elasticities may become larger with experience. To
test this hypothesis, the authors split their sample into high-experience and
30 The relevance of these instruments is supported by high joint significance in
the reduced form probit model for participation ðnot reported hereÞ.
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low-experience drivers and reestimate their model separately for each group.
In two out of three samples, they find that less experienced drivers have sig-
nificantly smaller wage elasticities.31 I conduct a similar analysis ðdescribed
in app. DÞ, but I find no consistent evidence that fishermen respond differ-
entially to temporary variations in the wage conditional on experience levels.
Furthermore, elasticity confidence intervals ðCIsÞ for high-experience and
low-experience groups typically overlap, suggesting very little difference be-
tween the two groups.
While experience is not the only attribute over which fishermen may

differ in their labor supply responses, I have little non–labor supply–related
information on fishermen with which to sort them into meaningful groups.
However, given the number of fishermen that I observe and the length of
time that I observe them, I can permit arbitrary heterogeneity in labor sup-
ply responses by estimating versions of equations ð1Þ–ð3Þ separately for each
fisherman.32 This exercise results in 575 individual hours elasticity estimates
and 726 individual participation elasticity estimates.33 To determine the level
of heterogeneity present, I construct 95% CIs for each individual estimate
and compare these with the 95% CI for the pooled estimate. CIs that do
not overlap indicate statistically different elasticities. Using this measure, I
find some heterogeneity in hours worked but very little in participation. Of
the fishermen for whom I am able to estimate an elasticity, 74% have hours
elasticity CIs that overlap with the pooled CI and 90% have participa-
tion elasticity CIs that overlap. Still, 17% of hours elasticities ðbut less than
1% of participation elasticitiesÞ are negative and significant. These findings
may be indicative of reference dependence for at least a subset of fisher-
men.34

B. Identifying the Effect of Self-Selection, Measurement
Error, and Endogeneity on the Estimated Wage

Elasticity of Daily Hours Worked

In table 3, I consider how measurement error in the wage, endogeneity
of the wage, and self-selection in observed wages and hours affect hours
elasticity estimates. I do this by estimating five versions of equation ð1Þ
that control for each of these econometric issues one at a time. For details
on each specification, refer to Section III.B. The results are clear:measurement
31 However, this result may hinge on the behavior of a single low-experience driver
ðFarber 2005Þ.

32 Models are estimated on the fishermen and observations in the Incomplete
Hours Records sample under the participation rule described in Sec. IV. Doran
ð2013Þ performs a similar individual-level analysis using data on New York City
taxi drivers.

33 For a variety of reasons, including multicollinearity and nonconvergence,
models for some fishermen could not be estimated.

34 More detail and results are presented in app. D.
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Table 3
The Effect of Self-Selection, Measurement Error, and Endogeneity on the
Estimated Wage Elasticity of Daily Hours Worked

Coefficient of
Variation ðcvÞ

Model No. of
Fishers

No. of
Trips Taken1 2 3 4 5

All 2.010*** .034*** .064*** .062*** .063*** 965 78,914
ð.002Þ ð.006Þ ð.011Þ ð.011Þ ð.011Þ

cv ≥ .15 2.018*** .033*** .077*** .077*** .079*** 656 49,842
ð.003Þ ð.008Þ ð.017Þ ð.017Þ ð.017Þ

cv ≥ .25 2.075*** 2.039** .117** .114** .134*** 321 12,645
ð.007Þ ð.018Þ ð.049Þ ð.045Þ ð.045Þ

cv ≥ .35 2.202*** 2.178*** .216 .224 .251* 191 3,558
ð.013Þ ð.025Þ ð.155Þ ð.140Þ ð.135Þ

NOTE.—Each cell reports the estimated wage elasticity of hours worked and the associated standard
error for a particular version of eq. ð1Þ. Additional regressors are discussed in Sec. III. In model 1, ob-
served earnings are used as ametric forWit, which is directly comparable to the first specification presented
in Camerer et al. ð1997Þ. Model 5 corresponds to the model discussed in Sec. III.A, which controls for self-
selection, measurement error, and endogeneity. Refer to Sec. III.B for a complete discussion of these
specifications. Standard errors, presented in parentheses, are clustered at the calendar date level.

* Significant at the 10% level.
** Significant at the 5% level.
*** Significant at the 1% level.
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error and endogeneity of the wage, which are controlled for in model 3 but
not in model 1, pose serious econometric problems in this setting. When
these issues are not controlled for, the opposite conclusion is reached,
namely, that fishermen work more when earnings are low.
One difference between the lobster fishery studied here and the taxicab

industry studied in Camerer et al. ð1997Þ and elsewhere is that fishermen
appear to vary their hours less on a day-to-day basis than do taxi drivers.
For example, regressing daily hours worked on a set of fisherman-fixed
effects yields an R2 of 0.53, whereas Farber ð2005Þ reports an R2 of 0.181
for the same regression on taxi drivers. To investigate how models per-
form on a sample of fishermen with greater variation in hours, for each
fisherman, I calculate the coefficient of variation ðcvÞ of hours worked and
create subsamples that include only fishermen with cv’s greater than some
minimum threshold. Elasticity estimates for fishermen for whom cv ≥
0.15, cv ≥ 0.25, and cv ≥ 0.35 are shown in rows 2, 3, and 4, respectively.
The more variation in the left-hand-side variable, the greater the negative
bias generated by model 1 and the more disparate models 1 and 5 become
in terms of the estimated elasticity.
It is worth noting that, while model 1 does a poor job estimating the

wage elasticity of hours worked and leads to the wrong conclusion about
labor supply, the negative coefficient shown in row 4 is still roughly a fifth
of the size of the estimates reported in Camerer et al. ð1997Þ. There are a
couple of possible explanations for this. First, the associated “correct”
elasticity is still relatively small ð0.251Þ and is of the same magnitude in
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absolute value as the “incorrect” elasticity ð20.202Þ. It is reasonably pos-
sible that in an industry in which workers optimally choose to vary their
hours more in response to wage changes, both estimated elasticities would
be larger in absolute value. This is supported by the fact that larger posi-
tive elasticities are associated with larger negative elasticities in table 3.
And, given industry characteristics and summary statistics, it seems likely
that cab drivers do vary their hours more than fishermen. Second, given
the fact that earnings in the taxi industry are almost certainly affected by
aggregate participation, while this is unlikely to be true in the lobster fish-
ery, endogeneity of the wage is likely to play a much larger role in analyses
of taxi driver behavior. Had endogeneity been more of an issue in this indus-
try, the estimates for model 1 may well have been much more negative.

C. Identifying the Effect of Measurement Error and Endogeneity
on the Estimated Wage Elasticity of Participation

Table 4 summarizes results of the aggregate model of labor supply. The
first two columns report results for aggregate participation, while the last
two report results for aggregate hours. The coefficient on the log of average
hourly earnings provides an estimate of the wage elasticity of participation
and the wage elasticity of overall labor supply, respectively. For each spec-
ification of labor supply, I estimate equation ð4Þ both by OLS, in which ob-
served average hourly earnings are used, and by 2SLS, in which daily earn-
ings are instrumented with the moon phase ðeq. ½5�Þ. Comparing elasticity
estimates of these two estimators illustrates the extent of the bias intro-
duced by measurement error and endogeneity of the wage in the estimation
of the elasticity of participation. The results suggest, again, that ignoring
these issues leads to downward biased estimates of labor supply elasticities,
the same conclusion drawn in Oettinger ð1999Þ.
Comparing elasticity estimates across labor supply specifications ðcol. 2

vs. col. 4Þ provides another measure of the relative size of the daily par-
ticipation and daily hours responses. The difference between the two es-
timates ð0.084Þ suggests that more than 90% of the labor supply response
to earnings is due to movement at the extensive margin.
Table 4
Estimates of the Aggregate Model of Labor Supply

Aggregate Participation Aggregate Hours

Variable OLS 2SLS OLS 2SLS

Log of average hourly
earnings .609*** .838*** .662*** .922***

ð.065Þ ð.138Þ ð.066Þ ð.142Þ
R2 .78 .78 .78 .77

NOTE.—Number of observations 5 836. Here, observations refers to the number of days
in the sample on which at least one fisherman participated in the lobster fishery. Refer to
Sec. III.C for a list of regressors. Robust standard errors are presented in parentheses below
point estimates.
*** Significant at the 1% level.

This content downloaded from 149.171.210.013 on April 05, 2016 00:58:07 A
ll use subject to University of Chicago Press Terms and Conditions (http://www.journals.uch
M
icago.edu/t-and-c).



An Empirical Investigation of Labor Supply 709

A

VI. Conclusion

This paper estimates the wage elasticity of labor supply at both the in-
tensive ðdaily hoursÞ and extensive ðdaily participationÞmargins using daily
labor supply data from the Florida spiny lobster trap fishery. I invariably
find that fishermen work more when earnings are temporarily high, behav-
ior that is consistent with intertemporal substitution. Specifically, the wage
elasticity of participation is quite large and very significant, ranging from
1.05 to 1.26. While positive and significant, the wage elasticity of hours is
much smaller, ranging from 0.062 to 0.066. If reference dependence plays a
role in fishermen’s labor supply decisions, the propensity to set daily hours
based on income or hours targets is not strong enough to erode the pro-
pensity to intertemporally substitute leisure for labor when the wage is
temporarily high. Furthermore, empirical methods that do not control for
measurement error and endogeneity of the wage lead to downward biased
estimates of labor supply elasticities and, in the case of daily hours, actually
produce spurious negative and significant elasticities. These results high-
light the importance of controlling for these issues in studies of labor supply.

References

Abeler, Johannes, Armin Falk, Lorenz Goette, and David Huffman.
2011. Reference points and effort provision. American Economic Review
101, no. 2:470–92.

Altonji, JosephG. 1986. Intertemporal substitution in labor supply: Evidence
from micro data. Journal of Political Economy 94, no. 3, pt. 2:S176–S215.

Amemiya, Takeshi. 1984. Tobit models: A survey. Journal of Econometrics
24, no. 1–2:3–61.

Benito, Andrew. 2006. Does job insecurity affect household consump-
tion? Oxford Economic Papers 58, no. 1:157–81.

Browning, Martin, Angus Deaton, and Margaret Irish. 1985. A profitable
approach to labor supply and commodity demands over the life-cycle.
Econometrica 53, no. 3:503–44.

Camerer, Colin, Linda Babcock, George Loewenstein, and Richard Thaler.
1997. Labor supply of New York City cabdrivers: One day at a time.
Quarterly Journal of Economics 112, no. 2:407–41.

Chou, Yuan K. 2002. Testing alternative models of labour supply: Evi-
dence from taxi drivers in Singapore. Singapore Economic Review 47,
no. 1:17–42.

Crawford, Vincent P., and Juanjuan Meng. 2011. New York City cab
drivers’ labor supply revisited: Reference-dependent preferences with
rational expectations targets for hours and income. American Economic
Review 101, no. 5:1912–32.

Doran, Kirk B. 2013. Are long-term wage elasticities of labor supply more
negative than short-term ones? Working Paper no. 020, Department of
Economics, University of Notre Dame.
This content downloaded from 149.171.210.013 on April 05, 2016 00:58:07 AM
ll use subject to University of Chicago Press Terms and Conditions (http://www.journals.uchicago.edu/t-and-c).

http://www.journals.uchicago.edu/action/showLinks?crossref=10.1016%2F0304-4076%2884%2990074-5
http://www.journals.uchicago.edu/action/showLinks?crossref=10.1162%2F003355397555244
http://www.journals.uchicago.edu/action/showLinks?crossref=10.1093%2Foep%2Fgpi041
http://www.journals.uchicago.edu/action/showLinks?crossref=10.1142%2FS0217590802000389
http://www.journals.uchicago.edu/action/showLinks?crossref=10.1257%2Faer.101.2.470
http://www.journals.uchicago.edu/action/showLinks?crossref=10.2307%2F1911653
http://www.journals.uchicago.edu/action/showLinks?crossref=10.1257%2Faer.101.5.1912
http://www.journals.uchicago.edu/action/showLinks?crossref=10.1257%2Faer.101.5.1912


710 Stafford

A

Farber, Henry S. 2005. Is tomorrow another day? The labor supply of New
York City cabdrivers. Journal of Political Economy 113, no. 1:46–82.

———. 2008. Reference-dependent preferences and labor supply: The
case of New York City taxi drivers. American Economic Review 98,
no. 3:1069–82.

Fehr, Ernst, and Lorenz Goette. 2007. Do workers work more if wages
are high? Evidence from a randomized field experiment. American Eco-
nomic Review 97, no. 1:298–317.

Gill, David, and Victoria Prowse. 2012. A structural analysis of disap-
pointment aversion in a real effort competition. American Economic Re-
view 102, no. 1:469–503.

Giné, Xavier, Mónica Martı́nez-Bravo, and Marian Vidal-Fernández.
2010. Intertemporal substitution or reference-dependent preferences?
Evidence from daily labor supply of South Indian boat-owners. Working
paper, World Bank, Washington, DC.

Greene, William. 2004. The behaviour of the maximum likelihood esti-
mator of limited dependent variable models in the presence of fixed
effects. Econometrics Journal 7, no. 1:98–119.

Kimmel, Jean, and Thomas J. Kniesner. 1998. New evidence on labor
supply: Employment versus hours elasticities by sex and marital status.
Journal of Monetary Economics 42:289–301.

MaCurdy, Thomas E. 1981. An empirical model of labor supply in a life-
cycle setting. Journal of Political Economy 89, no. 6:1059–85.

Miles, David. 1997. A household level study of the determinants of in-
comes and consumption. Economic Journal 107, no. 440:1–25.

Oettinger, Gerald S. 1999. An empirical analysis of the daily labor supply
of stadium vendors. Journal of Political Economy 107, no. 2:360–92.

Pagan, Adrian. 1984. Econometric issues in the analysis of regressions
with generated regressors. International Economic Review 25, no. 1:221–
47.

Puhani, Patrick A. 2000. The Heckman correction for sample selection
and its critique. Journal of Economic Surveys 14, no. 1:53–68.

Shivlani, Manoj, Nelson Ehrhardt, Thomas Murray, and Jim Kirkley.
2004. Assessment of the socioeconomic impacts of the spiny lobster
trap certificate program, spiny lobster fishery management efforts, and
other spiny lobster user groups on individual commercial spiny lobster
fishers. Unpublished manuscript, Rosenstiel School of Marine and Atmo-
spheric Science, University of Miami.
This content downloaded from 149.171.210.013 on April 05, 2016 00:58:07 AM
ll use subject to University of Chicago Press Terms and Conditions (http://www.journals.uchicago.edu/t-and-c).

http://www.journals.uchicago.edu/action/showLinks?crossref=10.1257%2Faer.97.1.298
http://www.journals.uchicago.edu/action/showLinks?crossref=10.1257%2Faer.97.1.298
http://www.journals.uchicago.edu/action/showLinks?crossref=10.1111%2Fj.1368-423X.2004.00123.x
http://www.journals.uchicago.edu/action/showLinks?system=10.1086%2F250063
http://www.journals.uchicago.edu/action/showLinks?crossref=10.1257%2Faer.102.1.469
http://www.journals.uchicago.edu/action/showLinks?crossref=10.1257%2Faer.102.1.469
http://www.journals.uchicago.edu/action/showLinks?crossref=10.1016%2FS0304-3932%2898%2900023-3
http://www.journals.uchicago.edu/action/showLinks?crossref=10.2307%2F2648877
http://www.journals.uchicago.edu/action/showLinks?system=10.1086%2F426040
http://www.journals.uchicago.edu/action/showLinks?system=10.1086%2F261023
http://www.journals.uchicago.edu/action/showLinks?crossref=10.1111%2F1467-6419.00104
http://www.journals.uchicago.edu/action/showLinks?crossref=10.1257%2Faer.98.3.1069
http://www.journals.uchicago.edu/action/showLinks?crossref=10.1111%2F1468-0297.00139



