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An Empirical Analysis of the Daily Labor
Supply of Stadium Vendors

Gerald S. Oettinger

University of Texas at Awstin

This paper analyzes the daily labor supply behavior of food and
beverage vendors at a single stadium over an entire baseball season.
This labor market is attractive for the study of labor supply both
because the vendors unilaterally decide whether to participate on
each game date and because changes in product demand condi-
tions across days are large and highly predictable, generating exog-
enous game-to-game variation in the vendor “‘wage.” I exploit the
observable shifts in product demand conditions across games to
estimate the labor supply (partcipation) elasticity of stadium ven-
dors. Estimates that recognize that demand conditions and vendor
labor supply decisions simultaneously determine the vendor wage
always find subsrantial labor supply elasticities, typically in the .55—
.65 range. In contrast, estimates that ignore the endogeneity of the
vendor wage yield severely downward-biased labor supply elastici-
ties. These results highlight the importance of using demand shift
instruments to identify labor supply elasticities in specific labor
markets.

I. Introduction

How responsive is work effort to transitory wage changes? Most esti-
mates of life cycle models of labor supply using individual panel data
(e.g., MaGurdy 1981; Browning, Deaton, and Irish 1985; Altonji
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1986) imply that this elasticity is very small. However, these studies
relate annual changes in hours worked to annual changes in average
hourly earnings, and it seems doubtful that the measured annual
wage changes are either fully anticipated or purely transitory. As a
result, the observed wage change may be correlated with an unob-
served (but possibly large) change in expected lifetime wealth, and
therefore the estimate of the intertemporal substitution elasticity (as
well as other labor supply elasticities of interest) is likely to be biased
downward.!

Recently, Camerer et al. (1997) analyzed the daily labor supply
behavior of New York City taxicab drivers. They argue that thisis a
promising group to study because the daily demand for taxi services
is subject to large but transitory shocks due to weather conditions,
conventions, day of the week effects, and so forth. As a result, there
is exogenous variation in the cabdriver ‘‘wage’ across days, but the
very temporary nature of these wage changes implies that any wealch
effects should be negligible. In sharp contrast to the prediction from
dynamic labor supply madels, however, Camerer et al. find signifi-
cantly negative wage elasticities of hours worked; the cabdrivers in
their samples work fewer hours on high-wage days. Inclusion of indi-
vidual fixed effects and estimation by instrumental variables meth-
ods do not alter this result. Camerer et al. argue that their findings
suggest that cabdrivers have very short (1-day) horizons and fixed
daily income targets. They ohserve more generally, however, that
their resulis raise questions about the empirical relevance of the idea
that workers substitute work effort toward times when the return to
work is high.

While the motivation for studying the effects of daily wage changes
on labor supply is compelling, the source of the daily variation in
cabdriver wages is not entirely clear. Although Camerer et al. posit
that shifts in demand for taxi services are the driving force, they have
no data on obvious demand shifters that allow them to check this
assumption. Likewise, they have no aggregate quantity data, which
could shed light on the source of the wage movements across days.
But if the observed daily wage fluctuations result partly from unohb-
served shifts in the labor supply curves of cabdrivers, then the esti-
mated labor supply elasticities reported by Camerer et al. are incon-
sistent.? Clearly, it would be desirable to have data on exogenous

*MaCurdy (1985) and Card (1990) develop the argument in detail. Card also
surveys the literature on intertemporal labor supply.

* Although Camerer et al. directly control for weather conditions and the day
and time of the driver's shift, some potentially important supply shifters—e.g., daily
demand shocks in industries in which many cabdrivers hold second johs—are not
measured.
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demand shifters that could be used as instruments for the observed
daily wage.’

The present paper follows in the spirit of Camerer et al. (1997}
by analyzing the daily labor supply behavior of a different group of
workers: stadium vendors at major-league baseball games. Like those
authors, I seek to measure how labor supply responds to day-to-day
variation in the wage. To address this question, I obtained complete
participation and earnings data for every vendor at every game at a
single stadium during the 1996 baseball season. As shown below, the
wage varied substantially across games. But, as with cabdrivers, this
wage variation could result from either demand shifts or supply
shifts. However, in contrast to cabdrivers, the key shifter of demand
for vendar services—game attendance—and a number of good ex
ante predictors of artendance are readily observable. These demand
shift variables can serve as instruments for the wage and allow credi-
ble estimates of the labor supply elasticity to be obtained. In its focus
on a labor market subject to large and observable demand shifts, this
paper resembles Carrington’s (1996) analysis of the Alaskan labor
market during the era of construction of the Trans-Alaska Pipeline
System. Unlike Carrington, though, I have panel data on individuals,
which allow both individual-level and aggregate analyses of vendor
labor supply behavior to be undertaken.

Briefly summarizing the empirical results, I always find that the
wage elasticity of labor supply (participation} for stadium vendors is
positive and substantial. Typical elasticity estimates are in the .55-.65
range, although the results vary a bit depending on the exact model
specification and on whether the estimation uses individual-level
panel data or time-series data on aggregate vendor participation and .
average game earnings. The aggregate analyses additionally reveal
that treating the daily “‘wage’’ as exogenous in the labor supply equa-
tion (i.e., assuming that demand shifts are the sole source of unex-
plained game-to-game wage variation) causes a large downward bias
in the estimated labar supply elasticity. Thus one must instrument
for the vendor wage using observable demand shifters to consistently
estimate the vendor labor supply elasticity. This last finding suggests
that estimates of labor supply elasticities for specific labor markets,
where unobserved individual labor supply shocks plausibly have an
important common companent, must be interpreted very cautiously
unless demand shifters are used to instrumerit for the wage.

* Camerer et al. do present instrumental variable estimates, but their instruments
{summary siatistics of the daily wages earned by «if cabdrivers in their sample) ad-
dress anly the problem of measurement error in individual cabdriver wages and not
the conceptually distince problem of endogeneity of the wage because of shifts in
labor supply.
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The remainder of the paper consists of five parts. Section II de-
scribes the relevant features of the labor market for vendors. Section
IIT develops a theoretical model of the labor supply behavior of ven-
dors. Section IV outlines the econometric madel and the estimation
strategy. Section V presents the empirical analysis. Finally, Section
VI puis the results in perspective and offers saome concluding obser-
vations.

II. Background Information on the Vendor
Labor Market

This paper analyzes the labor supply of stadium vendors using the
complete set of participation and earnings histories of all the ven-
dors who worked at any of the games played at a single stadium dur-
ing the 1996 major-league haseball season. In this section, those as-
pects of the vendor labor market that are relevant either for
meodeling vendor behavior or for analyzing data on vendor earnings
and labor supply are described briefly.

During the 1996 season, the food and beverage vending business
(i.e., the sale of food and beverage products by mobile vendors circu-
lating through the stadium) was operated by a firm that hereafter
is referred to as *‘the vending subcontractor.” The vending subcon-
tractor, which took over the vending business at the stadium in 1995,
paid the primary concessions contractor a share of the vendors’ sales
revenue in return for the exclusive right to operate the vending busi-
ness.! The vending subcontractor in turn hired vendors to walk
through the stands and sell food and beverage products at the
games. The stadium vendors sold six different products: beer, cotton
candy, lemon ice, peanuts, popcorn, and soda. The selection of
products sold by the vendors and their prices (which include sales
tax) were decided by the primary concessions contractor prior to
the season and did not change during the season.

The vending subcontractor paid its vendors a straight commission
on their dollar sales (net of sales tax) at each game during the 1996
season. Both the decision to adopt a pure piece-rate compensation
scheme and the choice of commission rate levels were made solely
by the vending subcontractor. At the request of the vending subcon-
tractor, I do not disclose the exact schedule of vendor commission
rates or the share of vendor sales revenues that the subcontractor
paid to the primary concessions contractor. However, commission
rates were lower for vendors with less seniority at the start of the 1996

“The primary concessions contractor continued to operate the fixed concession
stands [ocated in the stadium.
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season and for vendors who sold beer. Specifically, with product held
constant, the commission rate for vendors in the highest seniority
category exceeded the commission rate for vendors in the lowest
seniority category by .02, With date of hire held constant, the com-
mission rate for beer sales was .05 lower than the commission rate for
sales of other products. This pattern of commission rates prevailed
throughout the 1996 season. Thus vendor commission rates were
not adjusted in response to vendor sales performance during the
1996 season.

By the start of the 1996 baseball season, the vending subcantractor
had recruited an extensive pool of vendars. The vendors are inde-
pendent contractors, not employees, and therefore are not covered
by minimum-wage legislation and are not subject to employee pay-
roll taxes. More important for present purposes, each vendor also
decides freely whether or not to work at any given game. To help
ensure that *“‘enough” vendors show up at each game, the vending
subcontractor asks vendors to sign up in advance for the games they
intend to work on a publicly posted work schedule. If the schedule
suggests that vendor turnout for a particular game will be “low,”
given anticipated attendance, the vending subcontractor will often
contact prospective vendors who have notsigned up and try to enlist
their services. The important point, however, is that the schedule is
not binding in any way; unscheduled vendors who show up to work
a game are never turned away and scheduled vendors who miss a
game are never disciplined. Moreover, vendors whom the subcon-
tractor tries to enlist on short notice are under no obligation to work
and receive no extra compensation if they choose to work.®

At the stadium, a vendor’s work routine is straightforward. Ven-
dors arrive about one hour before the game begins. After arrival,
the subcontractor assigns each vendor a product (or products) to
sell at that game. To the extent possible, the subcontractor accom-
modates the preferences of individual vendors when making prod-
uct assignments. The subcontractor also assigns each vendor to work
at either the field level or the mezzanine level. Vendors assigned to
the field level are not supposed to sell on the mezzanine level, and
vice versa, but there is a third main seating area in the stadium, the
upper level, where all vendars are allowed to sell. Around game
time, vendors begin walking through the stands and selling their

*The vending subcontractar did not set strict work schedules for the vendors
because doing so would have threatened the vendors' independent contractaor sta-
tus. Maintaining the vendors’ independent contractor status also might explain why
the subcontractor paid the vendors a pure piece rate, even though this compensa-
tion scheme generally is suboptimal (Lazear 1986). Details of the rules governing
employee vs. independent contractor elassification of a worker can be found in U.S.
Department of Treasury (1996).
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products. Vendors are allowed to sell only “in the seats"; selling
along the stadium concourses and, in particular, in front of the con-
cession stands is prohibited. Vendors who have sold out of their
product return to the supply room on their assigned level and “buy™
a new batch of the product with the proceeds from the previous
load. Vendors continue selling until the end of the seventh inning,
when they return to their assigned supply rooms and settle their
daily sales accounts.

III. A Madel of Vendar Labor Supply

The quantity of labor supplied by each vendor on each game date
depends on both a participation decision and a choice of effort (e.g.,
how fast to circulate through the stands, how loud and frequently
to yell}. In contrast to the standard model of labor supply, however,
the vendors make no hours decision (given participation}; instead,
each participating vendor works from the start of the game through
the seventh inning.® In addition, because effort choices are unob-
servable, this paper focuses exclusively on participation decisions.’
The absence of an hours margin and my focus on the participation
decision have two implications that the reader should keep in mind
when perusing the empirical results. First, unlike most papers on
labor supply that estimate the elasticity of hours worked with respect
to the wage in some broadly defined labor market, this paper esti-
mates the elasticity of participation in a very narrowly defined labor
market with respect to the wage in that labor market. Second, to the
extent that participating vendors supply more effort when the return
to effort is high, the participation elasticity understates the overall
labor supply response to shifts in demand.

Vendor i is assumed to participate at game ¢ if and only if his ex-
pected earnings equal or exceed his opportunity cost. Let C; denote
the opportunity cost for vendor i on date £, and let G(-|Z;} be the
distribution from which C,is drawn. The term Zis a vector of oppor-
tunity cost shifters that might vary across both individuals and dates,
so there is no presumption that all vendors draw from the same op-

¢ In prineiple, a vendor could quit selling early, but the subcontractor claims that
this does not occur. The apparent reason is that the cashiers whao settle the vendors’
daily sales accounts are not available for this task until after the seventh inning, so
a vendor who quits selling early still would have to wait until the end of the seventh
inning before logging out for the day. This behavior, if it did occur, could be thought
of as a reduction in effort.

?In an earlier version of the paper (Oeuinger 1997), [ madel the effort decision
and conduet empirical analyses that suggest that effort elasticities with respect to
bath game attendance and the commission rate might be positive and substantial.
However, these conclusions rely on an untestable assumption about the form of the
production function mapping unobserved effort into observed earnings.
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portunity cost distribution. Given the set of realized opportunity
costs, aggregate vendor participation at game ¢ as a function of ex-
pected earnings per vendor, y, is N.(y) = LY 1[C, = y], where
Nt denotes the number of potential vendors on date t and 1[-] is an
indicator function for the condition inside the brackets. The term
N{y) is a positive step function in y, and therefore the aggregate
labor supply (participation) curve is upward-sloping. Taking the ex-
pectation of N,(y} over the random opportunity cost realizations
yields the expected or average aggregate participation curve,
E(N.(y)) = IM, G(y|Z,). If opportunity costs are continuous ran-
dom variables, E(N,(y}) is a smooth upward-sloping labor supply
curve, and changes in components of Z, that are common to all
vendors will cause systematic shifts in the aggregate labor supply
curve.?

Vendor i’s (latent) earnings at game ¢ are assumed to be ¥, =
F(N,, X)) + e,, where N, denotes the total number of vendors work-
ing at game ¢, X, is a vector of product demand shifters at game ¢,
and e¢; captures random determinants of earnings. Allowing for a
vendor-specific earnings component is straightforward, and vendor
fixed effects are included in the individual-level empirical analysis.
This extension does not alter any of the model’s predictions, how-
ever, and therefore I present the case in which vendors are identical
to simplify the exposition. With identical vendors, each anticipates
the same earnings conditional on product demand conditions and
aggregate vendor participation, namely y = E(Y,I N, X,} = F{N, X)).
When X, is held fixed, the function F(N,, X,) can be viewed as an
{expected) average product of labor curve. If some of the marginal
vendor’s sales come from customers who are diverted from the infra-
marginal vendors, then vendors compete for sales and the average
product of labor curve (eventually) slopes downward. Changes in
product demand conditions alter average vendor productivity for
any given level of aggregate vendor participation and therefore shift
the average product curve.

Each potential vendor participates at game ¢ as long as expected
earnings at least cover the opportunity cost of participation. Thus

4If vendor i observes his own appartunity cost realization, but nat the oppaortunity
cost realizations of the other potential vendors, before deciding whether to partici-
pate at game ¢, then the expected aggregate labor supply curve from vendor {’s
perspective is

E(NGY) = 1Ca5 9] + > GOIZ,.
o
Clearly, Ei(N,{y)} need notequal E;(N,(y)) for i# j, and therefore expected earnings
at game ¢ could differ for identical vendors. However, as long as the opportunity
cost. distributions are common knowledge, the difference between E(N(y)) and
E(N({y)) for i # j will become trivial as N¥ becomes large.
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Average product of labor curve

7/

Expected wage

Aggregate participation curve

4 of participating vendors

Fi. 1.—Vendor labor market equilibrium

the equilibrium number of participating vendors and the equilib-
rium level of earnings per vendor at game ¢ are determined by the
requirement that the marginal vendor’s opportunity cost of partici-
pation equals expected vendor earnings. This condition holds where
the aggregate labor supply and average product of labor curves
cross, as shown in figure 1. Clearly, positive product demand shocks
raise the prabability of participation, aggregate participation, and
earnings per vendor in equilibrium, all else equal. Positive opportu-
nity cost shocks also raise equilibrium earnings per vendor but re-
duce the probability of participation and aggregate participation,
other things equal. Of course, since both curves can shift from game
to game, simple regressions of participation measures on vendor
earnings measures will not yield a consistent estimate of the labor
supply (participation) elasticity in general. Instead, obtaining consis-
tent estimates requires instrumental variable—type estimation. The
next section deseribes two approaches, one using individual panel
data and the other using the time-series data on aggregate participa-
tion and average vendor earnings, for consistently estlmatmg the
elasticity of vendor labor supply.

IV. Econometric Methodology
A, Individual-Level Labor Supply

The theory developed above assumes that each potential vendor
compares opportunity costs and expected earnings when making the
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participation decision. Thus the empirical model specifies equations
for the log of the opportunity cost of participation and the log of
earnings from vending for potential vendor i on date ¢

ln Cd = ZUPY + 82- + U (1)
and
InY=X,B+oa;,+ e, + v, (2)

Of course, the econometrician does not observe In C,, and observes
In ¥, only for participating vendors. '

Equation (1) specifies opportunity costs for vendor ¢ on date ¢ as
a function of observable cost shifters (Z,), a vendor-specific fixed
effect (8,), and an independent random shock (u;). The idiosyn-
cratic disturbance, u,, although unobserved by the econometrician,
is assumed to be known to the potential vendor prior to the partici-
pation decision. The vendor fixed effect captures any fixed (over
the season)} differences across.vendors in their nonvending opportu-
nities. The vector Z ; includes indicators for the day, time, and season
of game ¢ and interactions of these variables with some basic vendor
demographic characteristics (dummies for age category, race, and
sex).? The game time indicators capture any common systematic
variation in opportunity costs across times of the day, days of the
week, and seasons of the year, and the interactions capture any sys-
tematic differences across demographic categories in the temporal
pattern of opportunity costs. The vector Z, also contains measures
of weather conditions on date ¢ (the daytime high temperature and
a dummy for 24-hour rainfall in excess of a quarter inch). Finally,
Z, sometimes includes indicators for the opposing team and mea-
sures of the home and visiting teams’ current positions in the stand-
ings. These specifications allow for the possibility that vendors are
themselves baseball fans whose participation decisions are influ-
enced by the quality of the opposing team or the game’s importance
to the pennant race.

Equation (2) specifies vendor i’s earnings on date ¢, given partici-
pation, as a function of ohservahle predictors of earnings (X,), a
vendor-specific fixed effect (@), and two unobserved (by the econo-
metrician) random components (€, and v;). This is a reduced-form
earnings equation, and therefore X, consists only of variables that
vendors observe before making participation decisions. In the em-
pirical analysis, X ; always includes measures of when game £ 1s played
{day of week, time of day, and season), weather conditions on date

¢ The time-invariant vendor demographic characreristics are not included in Z,
because of the presence of the vendor fixed effects in (1).
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t, whether game ¢ is a special promotional date {e.g., “‘free batday’’),
the opposing team, the current place in the standings of both the
home and visiting teams, and the number of other poieniial vendors
‘an date ¢.' In addition, X includes actual attendance at game ¢
in some specifications. These specifications implicitly assume that
vendors have perfect foresight about game attendance, which is not
an unreasonable approximation if vendors have important prior in-
formation about game attendance that the econometrician does not
observe. !

The vendor fixed effect in (2) captures permanent {over the sea-
son) earnings differences among vendors resulting, say, from differ-
ences in vending ability or commission rates. The two transitory un-
observed earnings components distinguish conceptually between
those components that the vendor observes prior to the participa-
tion decision (€;) and those that he does not {vy). For example,
vendor ¢'s energy level on date ¢twould be part of €,, whereas vendor
i’s random sales luck on date t would be part of v,. The unfore-
castable part of product demand conditions also would belong to
vy. These random shocks are assumed to be mutually independent
and independent of all the other variables in the model.

As noted earlier, potential vendor i participates on date & only
if expected earnings equal or exceed opportunity costs. Thus,
when Q, = (Z,, X;, 0;, o, u,, €} denotes the information set at
the time of the participation decision, vendor i participates only if
E(Y,|Q,) = C, or, equivalently, if In E(Y,|2,;) = In C,. Taking the
expectation of (2) conditonal on Q, gives E(In ¥;|Q,) = X, +
a; + €. Given the independence assumptions on the error terms,
E(In Y,[€;) and In E(Y,|Q,) differ by only a constant (namely,
In E(¢)), and therefore only the estimated constant term is affected
if one assumes that participation is determined by a comparison of
In €, with E(ln ¥,[€,) instead of In E(¥;|£3,). Thus, when P, is the
indicator for participation by vendor i on date ¢, it is assumed that
P, = 1if and only if E(In ¥;|Q,;) = In C,.

Estimation of the individual-level model of vendor participation
proceeds in several steps, essentially following the methodology in
Lee (1978) and Willis and Rosen (1979). First, the idiosyncratic er-

¥ The number of other potential vendors on date t might affect vendor i's earn-
ings on date ¢ by affecting the aggregate participation of other vendors. The con-
struction of measures of the number of ather potential vendors on each date ¢is
described in Sec. V of the paper.

““The R? from a regression of game attendance on all the ex ante cbservable
predictors of attendance is .76. Thus, from the econometrician’s perspective, there
exists nentrivial unexplained game-to-game variation in attendance, and this varia-
tion might be (partially} forecastable by potential vendors.
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ror terms are assumed to be normally distributed, and a reduced-
form probit model for participation is estimated. The explanatory
variables consist of observable opportunity cost shifters (Z,), observ-
able predictors of earnings (X,), and a complete set of individual
vendor dummies.*

Next, a selectivity-corrected log earnings equation is estimated.
The adjustment for selection is necessary because earnings are
observed only for vendors with E(In ¥;|Q,) = In €, and this self-
selected participation induces a correlation between the idiosyn-
cratic errors and the explanatory variables in the sample of partici-
pating vendors. In particular, expected log earnings conditional on
the observables, the vendor fixed effect, and participation. are

Elln YVIXy, Z, 04, P, = 1) =X,B + o
+ E(egle, + uy =2,y —X,B+6,— ) (3)

The conditional expectation on the right-hand side of (3) repre-
sents the bias from self-selected participation. However, including
an inverse Mills ratio term, derived from the reduced-form participa-
tion probit estimates, as an additional explanatory variable in (2)
corrects for this bias {Heckman 1976). The selection correction
term is identified if some variables affect opportunity costs (and
hence participation) but not earnings. I assume that the interactions
between vendor i’s demographic characteristics and the day, time,
and season of game ¢ satisfy this condition. This assumption says that
the temporal variation in vendor opportunity costs differs systemati-
cally across demographic categories but the temporal variation in
vendor expected earnings (productivity) does not.”®

Given the earnings equation estimates, predicted log earnings are
constructed using (3). This yields an uncensored sample of *‘wage”’
observations for all the potential vendors on every game date, re-
gardless of actual participation decisions, and allows estimation of
the structural probit model of participation. This last model explains
participation. decisions as a function of opportunity cost shifters
(Z,), predicted log earnings (In ¥;), and vendor fixed effects. The

“In general, estimates of nonlinear panel data models with individual fixed ef-
fects are consistent only as the panel grows arbitrarily long (Chamberlain 1980).
Fortunately, the panel used here is sufficiently long—the average number of ohser-
vations per vendor for the participation probit model s nearly 50—that the asymp-
totic consistency result is likely to be approximately valid.

HTo take a concrete example, the assumption is that the relative opportunity
costs of participating on a weekday afternoon vs. a Sunday differ on average berween
a l6-year-old and a 30-year-old (because of systematic differences across age catego-
ries in school enrollment status, marical status, the presence of young children in
the household, etc.) but that relative expected earnings from vending at these twa
times are the same for both vendors.
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model is identified as long as some of the predictors of vendor i’s
earnings at game ¢ do not also directly influence vendor i's opportu-
nity cost of participation. Many of the product demand shifters—
for example, attendance at game ¢, whether game ¢ is a promotional
date, or {(if one assumes that the vendors are not baseball fans) the
identity of the opposing team at game t—nplausibly satisfy this condi-
tion.

B.  Aggregate Labor Supply

The theory developed earlier also suggests an empirical model for
aggregate outcomes in the vendor labor market. Although an aggre-
gate analysis does not use all of the variation in the data and must
ignore the issues of unohserved vendor heterogeneity and self-
selected participation, it does offer several advantages. First, the ag-
gregate model can be estimated in one step and is therefore much
stmpler. Second, testing alternative identifying assumptions is more
straightforward for the aggregate model. Third, and mostimportant,
one can assess the extent of the bias that results from ignoring the
potental endogeneity of the daily vendor wage by a simple com-
parison of instrumental variable and ordinary least squares {OLS)
estimates. In contrast, no simple comparison is possible for the
individual-level specification because earnings are observed only for
vendors who choose to work.
I specify the aggregate empirical model

InN=Z5+8ln ¥+ 4, {4)
and
InY,=Xp+nln N, +7, (5)

where N, and Y, denote agaregate vendor participation and average
vendor earnings on date ¢, respectively. Equation (4) is the empirical
counterpart of the aggregate labor supply curve derived in Section
III. Consistent with the theory, aggregate participation is assumed
to depend on average vendor earnings on date ¢ (V,), observable
measures of date ¢ opportunity costs {Z,), and unobserved compo-
nents of date topportunity costs {#i,). The vector Z, consists of indica-
tors for the day, time, and season of game t, weather conditions on
date ¢, the log of the number of potential vendors on date ¢, and, in
some specifications, indicators for the opposing team and current
place in the standings of the home and visiting teams.

Equation (5) is the empirical counterpart of the ayerage product
of labor curve derived in Section III. Again consistent with the the-
ory, average vendor productivity (earnings) is assumed to depend
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on aggregate vendor participation on date ¢ (V,), observable mea-
sures of date ¢ product demand (X,), and unobserved components
of date ¢ product demand (v,). The vector X, consists of the ex ante
predictors of both attendance and the demographic composition of
the crowd (e.g., the time of game dummies, the promotional date
dummy, the opponent dummies, the weather variables, etc.) and,
in some specifications, the actual realization of log attendance.

Theory suggests that 8 is positive (aggregate labor supply slopes
upward) and that 1 is probably negative (vendors’ average product
slopes downward). However, because of the simultaneous relation-
ship in (4) and (5), OLS estimation of (4) will produce a downward-
biased estimate of 3, the wage elasticity of aggregate vendor partici-
pation, if the true signs of & and & are as predicted by the theory.
Incuitively, OLS attributes all unexplained wage variation to demand
shifts, and therefore the estimated labor supply curve will be too
steep if labor supply shifis are the source of some unexplained wage
variation. One can estimate & consistently, however, by estimating
(4) by two-stage least squares (25LS), using the product demand
shifters that do not directly influence vendor opportunity costs (i.e.,
attendance or certain of its ex ante predictors) as instruments for
vendor earnings.

V. Empirical Analysis
A, Descriptive Statistics

Before turning to the econometric analysis, I first summarize the
cross-section data on vendor demographic characteristics, the time-
series data on game characteristics, and the panel data on participa-
tion and earnings. A total of 127 vendors worked at one or more of
the 81 home games during the season, and aggregate participation
over the entire season was 3,580 vendor-games. Of course, to analyze
participation decisions, one needs to know not only which vendors
actually participate on each date but also which vendors could have
participated. If both the hire date and the quit date were observed
for every vendor, the set of potential vendors on each date could be
computed simply as the number of vendors who had already been
hired and who had not yet quit. Unfortunately, although hire dates
are available for all the vendors, quits are not explicitly observed. As
a result, a quit imputation rule must be specified before one can
calculate the number of ‘‘active’ vendors on each date (i.e., the
number of vendors who potentially could have worked).

All the empirical analyses are performed for two alternative quit
imputation rules. The first rule imputes a quit on the date on which



DAILY LABOR SUPPLY 279

a spell of nonparticipation reaches 31 days. Thus, under this rule,
a vendor is defined as active on date ¢ if and only if she has worked
or was hired within the last 30 days." Under this rule, there are 6,182
active-status vendor-games during the season. One could argue,
however, that this imputation rule is not sufficiently conservative
since some vendors do in fact participate after nonparticipation
spells of more than 30 days.”® Thus the second rule ensures that no
quits are imputed in error by simply assuming that vendors never
quit and hence are active on all dates after the hire date. Under this
rule, the number of active-status vendor-games rises to 8,712. For
chvious reasons, the two definitions of active status are referred to
as “narrow”’ (vendors who have worked or were hired in the last
30 days) and “broad” (all previously hired vendors), respectively.
Although I believe that the narrow definition of active status corre-
sponds more closely to the set of vendors actually at risk of participat-
ing, the estimated labor supply elasticities are always fairly similar
for both definitions. :

Table 1 summarizes the cross-sectional variation in the data. Since
participation and earnings vary across games for any given vendor,
the table reports cross-sectional means and standard deviations of
the time-averaged earnings and time-averaged (or cumulative) par-
ticipation over the season for all vendors. Both unweighted summary
statistics and summary statistics weighted by the number of games
worked (or, where noted, by the number of active-status games) are
presented. The unweighted statistics reflect average characteristics
of a randomly sampled vendor who ever worked during the season,
whereas the weighted statistics represent average characteristics of
a randomly sampled working vendor.

Panel A of the table summarizes vendor participation behavior.
Obviously, vendors are active for fewer games and have correspond-
ingly higher participation rates {defined as games worked divided
by games active) under the narrow definition of active status. The
average vendor works at about half of the games during his active
spell, but some vendors work at every game whereas others work
once and then never again. For the narrow definition of active status,
the average participation rate is much smaller when not weighted

¥ This rule seems consistent with evidence from {unreported) hazard model esti-
mates, which shows that the probability of participation on date ¢ given a current
nonparticipation spell of L days is substantial for L < 15 but is very close ar equal
to zero for all L = 3G,

* While only .56 percent of the participation observarions (20 out of 3,580) are
immediately preceded by a nonparticipation spell in excess of 30 days, 15 percent
of the vendars (19 out of 127) have a nonparticipation spell of at least 30 days
followed by participation at some point during the season.
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by the number of games active because vendors who quit shortly
after being hired have both the shortest active spells (under the nar-
row definition) and the lowest participation rates during their active
spells. In contrast, there is no difference between the unweighted
and weighted average participation rates under the broad definition
of active status, which indicates that participation propensities do
not vary systematically by date of hire.

Panel B of the table summarizes how average earnings per game
and per hour of actual vending time vary across vendors who worked
during the season. Average earnings, like participation rates, exhibit
a great deal of heterogeneity across vendors: the lowest-earning
vendor {who worked at only one game) had average earnings of
less than $1.00 per game worked, whereas the highest-earning ven-
dor had average earnings in excess of $100 per game worked.
Participation-weighted average vendor earnings are much larger
than unweighted average vendor earnings, reflecting the more
frequent participation of relatively high-earning vendors. Finally,
panel C of the table summarizes vendor demographic characteris-
tics, revealing that the vendors are disproportionately male, non-
white, and young.

Table 2 cuts the data in a different way to summarize their varia-
tion in the time dimension. Since participation and earnings vary
across vendors at any given game, the table focuses on the time-
series variation by first calculating average earnings and average (or
cumulative) participadon across all vendors for each game and then
reporting the means and standard deviations of these game aver-
ages. As in table 1, both unweighted and weighted summary statistics
are reported, although the weights are now the number of vendors
who worked at the game {or, where noted, the number of vendors
who were active on the game date). In contrast to table 1, there
are few notable differences between the unweighted and weighted
statistics.

Panel A of table 2 describes participation behavior across games.
The main result of interest is that the game participation rate {de-
fined as the ratio of participating vendors to active vendors at a given
game) varies considerably between games, regardless of how active
status 1s defined. Thus, on some dates, most of the active vendors
participate, whereas on other dates, most of the active vendors do
not. There are no games, however, in which all the active vendors
choose to participate.

Panel B of the table shows average game earnings, both per ven-
dor and per hour of actual vending time, and also characterizes the
extent of game-to-game varjation in earnings. Average daily earn-
ings over all participating vendors are around $43 at the typical game
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but fluctuate considerably across games, ranging from a low of $26
to a high of $73. The coefficient of variation is roughly the same for
average earnings per hour of actual vending time, so between-game
differences in actual time spent vending are not the source of this
variation. Rather, there clearly are ‘‘high-wage’ and ‘‘low-wage”
games, although the summary statistics cannot reveal the source of
this wage variation. Finally, panel C of the table reports summary
statistics for game-specific characteristics. The most interesting find-
ing is large game-to-game variation in both attendance and aggre-
gate vendor participation.

B Individual-Level Estimation Results

Estimation results for the individual-level empirical model are pre-
sented in tables 3-5. Because there might be random unobserved
date or game effects, the estimated covariance matrices in these ta-
bles always allow for arbitrary correlation among vendors’ transitory
error components within each date £'° In addition, the estimated
covariance matrices in tables 4 and 5 are adjusted to account for
the fact that the associated empirical models include an explanatory
variable that is itself estimated. These adjustments follow the meth-
odology described in Murphy and Topel (1985), appropriately mod-
ified for the case of a robust covariance matrix.

Table 3 presents the estimates of the reduced-form participation
probit model for both the narrow and broad definitions of active
status. Estimates both with and without the log of game attendance
included as an explanatory variable are reported. As I pointed out
earlier, including the attendance measure is justified if vendors have
perfect foresight over attendance (or at least have significant prior
information that the econometrician cannot abserve). Panel A of
the tahle shows estimated coefficients and standard errors for se-
lected explanatory variables. Panel B shows p-values and degrees of
freedom for %* tests of the joint significance of (1) the vendor dum-
mies, (2) the opposing team dummies, and (3) the interactions be-
tween the dummies for vendor demographic characteristics and the
time of game dummies. Because interactions between the demo-
graphic indicators and the time of game dummies are included, the
estimated coefficients in panel A describe the participation behavior
of 25-39-year-old white males at different game times.

All the specifications tell the same basic story. Relative to the refer-
ence game (a nonpromotional Sunday game), the probability of par-

¥ It is assumed, however, that the transitory error components are uncorrelated
@cross dates.
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TABLE 3
EsTIiMATES OF REDUCED-ForMm ProBIT MODEL FOR PARTICIPATION

* DEFINITION OF ACTIVE STATUS

MNarraw Braad
( 2 3 4
A. Goefficient Estimates and Standard Errors
Monday-Thursday day game —.7242 — 6370 —.6893 — 5952
(.1362) (.1389) (.1214) (1579}
Monday-Thucsday night game - 0700 0311 ~.0012 1074
{1604} {.1647) {1591} {.1663)
Friday (night) game L4002 4187 .3450 4137
£.1930) (2028 (.1889) (.1881]
Sawrday {night) game 4125 3180 3005 3038
(.162%) {.1580) (.1556) ¢ 1508)
Promotional date 2624 1919 2540 1950
(.0753) (a7 (0651} {.0588)
QOpponent in first place 2057 1873 2303 1701
: (0762} {.0858) £.0872) (.0925)
Home team games oue af firse — 0511 —.0465 — 0518 —.0480
(.0289) {-0269) (.0237) {0220)
Daytime high temperature 0127 0114 Q071 0052
(.0036) (0036) {.00685) (0063}
24-hour rainfall > .25 inch 0017 —.0055 —.0109 —.0211
{0824 {0815} {.0684) {0671}
Log of actendance B 2589 - 2533
{-1055) (.0976)

B. ¥* Stadstic p-Velues and Degrees of Freedam

[ndividual vendar dummies <000 < 0001 <0001 <001
11951 [122a] {1241 [124]

Opponent dummies = 0001 <0001 =001 <0001
{12] [12) 119] (121

Vendor demographic indicators ® <0001 <,0001 =.00301 <0001
day /time / seasan dummies {36] [36] [46] (28]
Chservations 6,099 6,029 8,601 8,601

Log likelihaod —2905.4 —2.4029 —3,248.1 —3,245.2

MNoTe.-~The estimated covariance matnix allows Far an arbiorary errar covariance structure across vendars
at any giver, game but assumes independent errars acrass games, after allowing for vendor fixed effects. The
sample sizes are slightly smaller than the tatal number of active observations in tables 1 and 2 because the
inelusion of vendar fixed effects ¢liminates vendars wha either always participated ar never participated. All
the specifications also inelude as explanarory vartables the log of the number of {ather) active vendars, the
number of games the apposing team is out of first place, and indicators for the season (before Memaorial
Day ar after Labor Day] and for whether the home team was in first place,

ticipation is higher for promotional dates and on Friday and Satur-
day nights but is much lower for weekday afternoon games. The
probability of participation also is higher for games against first-
place teams and when the home team is closer to first place in its
own division. In some specifications, the participation probability
rises with the daily high temperature, but the magnitude of this ef
fect is always very small. Finally, when attendance is included as an
explanatory variable, the participation probability rises with crowd
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size. The hypothesis tests in panel B of the table reveal highly signifi-
cant differences in participation probabilities across individual ven-
dors and across opposing teams. The interactions between the de-
mographic indicators and the time of game indicators also are jointly
highly significant, which [ interpret as evidence of important differ-
ences in the temporal patrern of opportunity costs across demo-
graphic categories. This interpretation assumes, plausibly, that the
effects of temporal variation in product demand are the same for
vendors from all demographic groups and therefore are captured
by the time of game main effects. The (unreported) estimated coef-
ficients on the interaction terms generally support this interpreta-
tion; for example, teenage vendors, who are likely to be enrolled
in school, have much lower participation probabilities on weekday
afternoons and in the spring and fall than vendors from the refer-
ence category.

Table 4 presents estimates of the reduced-form log earnings equa-
tion. The dependent variable is earnings per hour of vending time,
but the results are qualitatively identical if one uses daily earnings
instead.”” For each of the specifications of the log earnings equation
in table 4, the inverse Mills ratio (selection correction) term is de-
rived from the reduced-form participation probit in the correspond-
ing column of table 3. The selection term is identified off of the
interactions bhetween the vendor demographic characteristics and
the time of game dummies, which were highly significant in the par-
ticipation model but are excluded from the earnings model. There
is some evidence that participation is positively selected since the
estimated coefficient on the inverse Mills ratio is always positive and
is statistically significant for the narrow definition of active status.
This result says that a vendor is less likely to participate when the
unobserved transitory earnings component is low (e.g., when the
vendor is fatigued). Positive selection is precisely what one would
expect if the transitory shocks to daily earnings and daily opportu-
nity costs are independent.

The coefficient estimates are essentjally identical for specifications
that differ only in how active status is defined. In contrast, though,
whether one controls for game attendance has a large effect on
many of the other estimated coefficients hecause attendance is
highly correlated with many of these explanatory variables. For ex-
ample, without controls for attendance, earnings are about 30 per-
cent lower at weekday night games and about 15 percent higher on

" The daily earnings measure is probably a noisier (and hence inferior) measure
of the vendor wage since random variation in game length causes some of the varia
tion in daily earnings.
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promotional dates, other things equal. However, these effects basi-
cally disappear once one controls for attendance. Apparendy, the
lower earnings on weekday afternoons and higher earnings on pro-
motional dates are driven by swings in attendance. Even after one
controls for attendance, though, some of the other explanatory vari-
ables remain correlated with earnings because of true temporal ef-
fects in product demand, “‘crowd composition’ effects, or aggregate
participation effects. For instance, when attendance is held constant,
earnings are about 11 percent higher at Saturday night games. This
might reflect that any given individual spends more on a Saturday
night (a true temporal effect), that high spenders are a larger frac-
tion of the crowd on Saturday nights {a compositional effect), or
that aggregate vendor participation does not increase proportion-
ately with attendance on Saturday nights. Finally, there is very sirong
evidence in all specifications of systematic individual vendor effects
and opposing team effects in earnings.

Table 5 presents estimates of the main model of interest, the struc-
tural participation probit. The key explanatory variable is predicted
log hourly earnings, and for each structural probit specification, this
variable is constructed from the log earnings equation in the corre-
sponding column of table 4. In columns 1 and 3, attendance is not
part of the earnings model, and therefore the participation model
is identified by assuming thar the opposing team indicators, the mea-
sures of the home and visiting teams’ places in the standings, and
the promotional date indicator affect earnings but do not influence
participation except through their effects on earnings. Excluding
the opposing team dummies and the team performance measures
from the structural probit amounts to an assumption that vendors
are not baseball fans whose participation decisions depend partially
on the quality of the opponent or the importance of the game. In
contrast, in columns 2 and 4, attendance is part of the earnings
model, and the model is identified by excluding only attendance and
the promotional date indicator from the opportunity cost equation.
Thus these specifications allow for the possibility that vendors are
also fans.

The coefficient on predicted log earnings is positive and highly
significant in all the specifications. Thus, all else equal, an increase
in expected earnings raises the probability of participation. More-
aver, the estimated coefficient is basically the same under either set
of identifying assumptions described above. Likewise, the results are
qualitatively identical if one reestimates the earnings models using
the log of daily earnings as the dependent variable and then uses
predicted log daily earnings in the structural participation probit.
Many of the other coefficient estimates are quite similar to those
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reported in table 3. In particular, there is very strong evidence that
opportunity costs of time vary greatly across individual vendors and
across times of the day and days of the week.

Expressing the estimated coefficients on log hourly earnings as
elasticities illustrates more clearly the magnitude of the effect of ex-
pected earnings on participation. Two distinct but similar measures
of the average elasticity of participation with respect to expected
earnings are reported at the bottom of table 5: (1) the sample mean
of the estimated individual elasticities and (2) the estimated elastic-
ity at the sample mean values of the covariates.' The first elasticity
measure seems preferable given that most of the covariates are
dummy variables, but computing a standard error is less cumber-
some for the second measure. The sample average estimated partici-
pation elasticities are approximately .55 and .75 for the narrow and
broad definitions of active status, respectively, and are always highly
significant. Thus stadium vendors appear to supply labor quite elas-
tically. The estimates imply that, when one starts at the mean vendor
wage, a one-standard-deviation increase in the wage would raise the
probability of participation by about .08 for a vendor with the mean
participation probability. This translates into an increase in aggre-
gate vendor participation of about six vendors when the pool of po-
tential vendors is at its average size.

C.  Aggregate Estimation Results

Table 6 presents estimates of the aggregate participation model. As
discussed earlier, both product demand shifts and labor supply shifis
are potential sources of variation in the daily vendor wage, and there-
fore the wage measure must be treated as endogenous in the aggre-

®1n particular, let i, denate the estimated coefficient on predicted log earnings
(reported in the first row of table 5), let ff denate the entire estimated coefficient
vector, let X, denote the vector of covariates for potential vendar i on date ¢, and
let X denote the sample mean value of X,. Then the estimated elasticity of the
probahility of participation for vendor { on date ¢ is given by B,0(X,B) /P X,B},
where ¢(-) denotes the standard normal probability density function and ®{} de-
notes the standard normal cumulative discxibution function. The first elasticity mea-
sure reported at the bottom of table 5 is

T M

D> By /X, B)

=L =1
T
2 M
e=l

where N denates the number of active vendors on date ¢, and the second elasticity
measure reported at the bottom of table 5 is B,0(XB) /(XA




TABLE 6

ESTIMATES OF THE AGGREGATE PARTICIPATION MODEL

Dependent Variable: Log of Aggregate Participation

Log of average hourly earnings
of participating vendors

Manday-Thursday day game

Monday-Thursday night game

Friday (night) game

Saturday {night} game

Oppanent in first place

Home team games out of first

Daytime high temperature

24-hour rainfall > .25 inch

Opponernt indicarars
Measures of teamn quality

Praomotional date indicatar
Log attendance

Opponent indicators
Measures of team quality

p-value
Degrees of freedom

-value
egrees of freedom

Ohbservations
Ra

OLs 25LS
{1 (2) &) {4) {5)
Coefficient Estimates and Standard Errors
2978 0858 6346 6209 .64R7
{.0988) (.1147) {.1508) {15258} {.2064)
— 3764 —. 4024 —.3640 —. 36804 —.3997
{.0650) (.05948) {0692} (.0718) {.0724)
0870 —.0086 1838 2120 1587
(0594 {0580} {.072%) (.0742) { OR47)
1772 .1h1% 2040 2118 2114
{.0586) {.0514) {0630} {.0653) {.0646)
0735 0841 0408 0312 Q386
(O587)  (0508)  (0635)  (0657)  (.0636)
e 0410 ce 0272
(.0613) (.0745)
—.0588 —~ 0813
(0212} {.03269)
0008 0057 —.0042 —.G005 0041
(.0028) {.0028) {.0629) {.0081) {0034
~.1080 0627 —.1520 —.1648 —.0734
(.0621) {.0613) (.0679) {.0708) {.0774)
Included as Controls?
no yes no no yes
no yes na no yes

Exclusion Restrictions {Insttuments for Log Earnings)

yes yes yes
na yes yes
yes no na
yes no no
Overidentification Test
Relle 021 400
16 1 1
Test of Joint Significance of Instruments in First Stage
of Regression
0013 <0001 <0401
17 2 2
a1 81 81 81 81
727 847 692 669 774

NoTe. —4ll the specificatians also include as explanatory variables the log of the tatal number of active

vendors and indicatars for the scason (hefare Memorial Day ar after Labor Day).
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gate participation equaticn. Thus an instrumental variables estima-
tion procedure is needed to obtain consistent estimates of the
participation elasticity. To assess the importance of recognizing this
endogeneity of vendor earnings—in other words, the importance
of labor supply shifts as a source of unexplained earnings variation—
table 6 reports OLS estimates of the aggregate participation equa-
tion in addition to the more appropriate 2SLS estimates. Theory
predicts that OLS estimates of the participation elasticity will be
downward biased because OLS implicitly assumes that demand shifts
are the source of all unexplained wage variation. The wage measure
used in the estimates in table 6 is average earnings per hour of actual
vending time calculated over all participating vendors on each date;
the results are qualitatively the same if one instead uses average daily
earnings. Likewise, table 6 reports estimates only for the case in
which the pool of potential vendors on each date is calculated using
the narrow definition of active status; the results are qualitatively
simjlar when the potential vendor pool is calculated using the broad
definition of active status.

Columns 1 and 2 of table & present OLS estimates of the aggregate
participation equation. The specification in column 1 assumes that
the opponent dummies and the measures of home and visiting team
perfarmance do not directly influence labor supply decisions. For
this specification, the estimated participation elasticity of .24 is sig-
nificantly different from zero but is much smaller than the estimates
from the individual-level model. In column 2, when the identity of
the opposing team and the quality of both teams are allowed to di-
rectly affect labor supply, the OLS estimate of the participation elas-
ticity falls to .09 and is no longer statistically significant. Thus, on the
basis of the OLS estimates, one would conclude that participation
responds weakly to expected earnings if at all.

The 28LS estimates in the remainder of table 6 lead to a very dif-
ferent conclusion, however. The specifications in columns 3 and 4
both assume that vendor participation decisions are nat directly in-
fluenced by the identity of the opponent or the home and visiting
teams’ positions in the standings, but they use different sets of instru-
ments for the log of average hourly earnings. The resulting participa-
tion elasticity estimates of .53 and .62 are much higher than the OLS
estimates and are very similar to the elasticity estimates obtained in
the individual-level analysis. However, using the test described in
Newey (1985), one rejects the model's overidentifying restrictions
at conventional significance levels (p-values of .060 and .021 in cols.
3 and 4, respectively). Thus the specification in column 5 once again
allows the opponent dummies and the variables measuring team
quality to directly affect participation, and it uses realized game at-
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tendance and the promotional date indicator as instruments for av-
erage hourly earnings. The participation elasticity estimate is hardly
changed at .65, but now the model’s one overidentifying restriction
cannot be rejected (p-value = .400). Table 6 also reports hypothesis
tests for each 2SLS specification that show that the instruments are
highly correlated with the log of average earnings in the first-stage
regression." Finally, it is worth noting that the signs and significance
of the estimated coefficients on the other explanatory variables gen-
erally match the results from the individual-level analysis in table 5.

In summary, the evidence from the aggregate labor supply analysis
confirms the conclusion from the individual-level analysis that ven-
dor participation decisions are quite responsive to expected earn-
ings. In partcular, the aggregate data suggest that the participation
elasticity is between .55 and .65. Perhaps more important, the aggre-
gate analysis also reveals that the estimated participation elasticity is
severely downward biased if one ignores the endogeneity of vendor
earnings that arises through game-to-game shifts in the vendor labor
supply curve. This finding suggests more generally that, at least in
analyses of specific labor markets in which unohserved individual
labor supply shocks are likely to have an important common compo-
nent, one must find plausible demand shift instruments to obtain
credible estimates of labor supply elasticities.

VI. Conclusion

This paper has analyzed the daily labor supply behavior of sta-
dium vendors and has found that vendor participation decisions are
quite responsive to expected earnings. The evidence from both
individual-level and aggregate analyses suggests that the elasticity of
participation with respect to hourly earnings is around .6. These esti-
mates are always highly significant, although the confidence inter-
vals are rather wide at conventional significance levels. At the same
time, aggregate estimates of the participation elasticity that ignore
the endogeneity of vendor earnings are dramatically downward bi-
ased. This finding suggests that day-to-day shifts in the aggregate
labor supply curve of vendors, driven by common shocks to opportu-
nity costs of participation, are an important source of wage variation
across games. It also highlights the importance of finding demand
shifters to use as instruments in labor supply analyses, especially in

* As one would expect, the (unreported) firststage regressions always reveal a
strong positive relationship between the log of average hourly earnings per vendor
and the demand shift instruments {(game attendance or the promotional date indi-
cator).
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studies of specific labar markets in which unobserved individual sup-
ply shocks might be expected to be highly correlated.

While I believe that I have provided strong evidence that vendors
are maore likely to work when expected rewards are high, the study
has a few limitations that deserve mention. First, the labor market
for stadium vendors is just one particular labor marker, and given
the youth and independent contractor status of the participants and
the decidedly part-time nature of the employment, it is a rather un-
usual one at that. Thus one should be cautious in generalizing the
results found here to other labor markets.

Second, the analysis presented here has ignored the effort margin
of vendor labor supply and therefore probably does not capture the
total labor supply respanse of vendors to daily wage changes. For
example, if the supply of effort conditional on participation also re-
sponds pasitively to product demand conditions, then the overall
labor supply elasticity exceeds the participation elasticity measured
here.” Since the observed game-to-game variation in aggregate par-
ticipation does not came close to equalizing the wage across games,
effort incentives probably do vary across games. However, since a
higher wage per unit of effort has a direct impact on earnings in
addition to the indirect effect operating through effort choice, the
effort elasticity can be identified only by imposing an (arbitrary) as-
sumption about the form of the production function that maps ob-
servable demand conditions and unobservable effort into earnings.

As for its place in the labor supply literature, this paper adds
to a small and somewhat disparate set of studies that use high-
frequency data on labor supply and wages to try to learn something
about how work effort responds to transitory wage changes. For
example, Carrington (1996) analyzes quarterly data on industry
employment, hours, and earnings in Alaska during the period of
construction of the Alaskan oil pipeline and concludes that labor
was supplied quite elastically on bath the extensive and intensive
margins. Treble (1996}, exploiting data on a one-time temporary
(2-week duration) change in the piece rates paid to miners working
at a particular British coal mine in the 1890s, estimates a large and
positive elasticity of miners’ output with respect to the wage, which
implies a positive effort elasticity. Finally, as already discussed,

™ A positive effort elasticity could help explain why the subcontractor does not
maintain a much larger vendor pool. A larger vendor pool would increase both
recruiting costs and nonvendaor labor costs (e.g., more cashier hours need to be
hired if more vendors work at games) but would not increase aggregate vendor sales
revenue by much if higher aggregate participation induced a sufficient reduction
in each vendor's effort level for any given state of demand.
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Camerer et al. (1997) study the daily hours decisions of cabdrivers
and, surprisingly, find negative wage elasticities of hours worked.

While these studies and the present one are similar in their use
of high-frequency data, they do not all focus on the same dimension
of labor supply. As a result, the elasticities estimated in the different
papers are conceptually distinct and are not directly comparable.
Nevertheless, the present paper delivers the general message that
estimated lahor supply elasticiries for specific labor markets can be
seriously biased and therefore must be interpreted very cautiously,
unless demand shift varjables are used to instrument for the endoge-
nous wage. Because the dynamic labor supply literature has focused
mainly on hours decisions, an analysis of high-frequency individual-
level data from a labor market with botk an important hours margin
on the supply side and large and observable shocks on the demand
side could make a valuable contribution.
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