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Paying good wages is the most profitable way of doing business.

– Henry Ford in My Life and My Work, 1923

Does higher pay increase worker productivity? And if so, how does this affect firms’

wage-setting decisions? We study these questions in the context of warehousing, an im-

portant industry for Americans without college degrees.1 Even in thick labor markets,

like warehousing, evidence increasingly suggests that firms have some degree of wage-

setting power. Firms would seemingly have an incentive to use this power to pay workers

less. Yet doing so can undermine workers’ incentives and their efforts, as emphasized by

the efficiency-wage literature. How much do efficiency-wage effects curb firms’ incen-

tives to use wage-setting power to lower pay?

To explore these questions, we study the introduction of a voluntary, firm-wide mini-

mum wage in a Fortune 500 firm.2 We use personnel data and objective productivity met-

rics to quantify higher pay’s effects on turnover, absenteeism, and productivity among

warehouse workers. At the firm’s warehouses, workers operate independently but rely

on each other’s work, which makes it harder to effectively monitor and reward individu-

als’ efforts.3 We analyze the extent to which raising base pay boosts the throughput of the

entire warehouse, as measured by the average number of boxes moved per worker-hour.

Our empirical design leverages the fact that the firm’s minimum wage policy had

differential impacts across its forty-plus warehouses. When the firm’s C-suite executives

introduced a firm-wide minimum wage, some warehouses’ wages rose by more than oth-

ers’. Half of the warehouses already had base wages above $15/hour and were thus

unaffected. The other half of warehouses increased base wages for all workers to the new

minimum. In these warehouses, larger wage increases were required where the initial

base wage was further below $15/hour, with raises ranging from $0.50 to $2/hour. We

1Warehouse workers comprise 5 percent of the US labor force (Bureau of Labor Statistics, 2022a).
2Many firms have implemented such minimum wages: in 2020 and 2021, Best Buy, Target, Wayfair, CVS,

Walgreens, and Amazon all announced voluntary minimum wages for their employees for example.
3For example, a worker who retrieves boxes quickly but knocks others out of place hinders their cowork-

ers’ ability to find these misplaced boxes. Partially due to concerns about difficult-to-measure work quality,
the firm did not incentivize (or systematically track) individual productivity during our study period.
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leverage this variation in a continuous difference-in-differences design.4

We find that on average, a $1/hour (or 5.5%) increase in pay halved workers’ de-

parture rates, implying the firm faces a short-run labor supply elasticity around nine.

This large but finite labor-supply elasticity suggests that warehouse firms face upward

sloping labor-supply curves, even in these competitive warehousing labor markets. This

evidence supports the theory that search frictions and other barriers to job-to-job mobility

can give firms monopsony wage-setting power even in thick labor markets (Burdett and

Mortensen, 1998; Manning, 2003).

When pay increased, absenteeism declined. A $1/hour increase in pay reduces the

likelihood that workers do not show up for a day of work by 2.7 percentage points or

18.6%. About half of these declines in absenteeism persist when we include individual

fixed effects: existing workers become more reliable once they are paid more.

Warehouses that saw bigger increases in pay also saw bigger increases in productiv-

ity. When the firm imposed its $15/hour minimum wage, the productivity of its lowest

paid and least productive warehouses caught up to the productivity in its other ware-

houses. On average, a $1/hour (5.5%) increase in pay led to a 5.7% boost in productivity.

Thus, our estimates indicate that, at the margin, a one percent increase in pay increases

productivity by one percent.

For our continuous difference-in-difference design to capture the causal effect of

higher pay on turnover and productivity, a parallel-trends assumption must hold: in the

absence of the firm’s minimum wage policy, its warehouses would have followed similar

trends. We gauge the plausibility of this assumption using both institutional knowledge

and empirical tests. Institutionally, the policy change was driven by C-suite decisions

rather than local conditions. The firm-wide minimum wage was not targeted specifically

at warehouse workers but instead impacted all low-wage workers, including sales and

4Our continuous difference-in-differences approach is similar to designs that use state-level variation
in the impact of the federal minimum wage to estimate the economic effects of government-mandated
minimum wages (Card, 1992; Bailey et al., 2021). Derenoncourt et al. (2021) also uses a similar design to
identify the impact of firm minimum wages on nearby firms’ wages.
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service workers. Thus, our context offers a rare case where a firm raised pay in some

warehouses but not in others without intentionally choosing certain warehouses for the

raises. Empirically, we find stable pre-trends, null effects with placebo treatments at al-

ternative times, and robustness to dropping individual warehouses.

One limitation of this analysis is that the voluntary minimum wage was implemented

during the pandemic.5 To assess external validity, we use a complementary pre-COVID

design. A few years before the pandemic, one warehouse experienced an abrupt $2/hour

pay increase. While this warehouse was not randomly selected, the timing of the in-

crease was plausibly exogenous, as it was determined by corporate decision-makers and

significantly delayed from local managers’ initial requests. Following the pay increase,

turnover and absenteeism declined, while productivity rose. These changes plausibly

resulted from the pay increase: we do not see similar changes in the firm’s other ware-

houses, including those nearby and those handling similar boxes. The effects are similar

in both direction and magnitude to those from the voluntary minimum wage, indicating

that higher pay’s strong productivity impact extends beyond the pandemic labor market.

We find evidence that higher pay increases employee effort. When pay increases,

absenteeism falls among existing workers in both our voluntary minimum wage and pre-

COVID designs. We find complementary evidence using data from a Fortune 100 staffing

agency: higher pay is associated with more favorable ratings of warehouse workers’ per-

formance, and about half of this relationship persists when we include worker fixed ef-

fects. When the same worker does two different jobs, she is more likely to excel in the job

that pays her more. Together, these results suggest the continued relevance of efficiency-

wage theories that link workers’ pay to their productivity through their effort (e.g., Salop,

1979; Shapiro and Stiglitz, 1984).

To bridge monopsony and efficiency-wage theory, we develop a partial-equilibrium

model of the firm’s wage-setting decisions, which integrates both search frictions and

5The voluntary minimum wage was implemented before widespread inflation during the pandemic so
the wage increases represented real — rather than only nominal — increases in pay.
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ef�ciency-wage effects.6 Search frictions create an upward-sloping labor supply curve

to the �rm, thereby allowing the �rm to depress wages (Burdett and Mortensen, 1998;

Manning, 2003). Meanwhile, ef�ciency-wage effects mean that raising pay increases

worker effectiveness (e.g., Salop, 1979; Shapiro and Stiglitz, 1984), thereby �attening out

the effectivelabor-supply curve and reducing the �rm's incentive to mark down wages.

This model illustrates how ef�ciency-wage incentives can offer a counterbalance to �rms'

monopsony power. Indeed, if ef�ciency wage effects are suf�ciently strong, the �rm be-

comes constrained by workers' no-shirking condition: while the �rm could hire workers

at lower wages, the �rm could not expect such hires to work hard. In this case, our partial-

equilibrium framework would extend to Shapiro and Stiglitz (1984)'s canonical model in

general equilibrium.

Our empirical results suggest that the reductions in turnover and increases in pro-

ductivity fully defrayed the increased labor costs of higher pay. Consistent with higher

pay being pro�table, the �rm's stock price increased in the wake of the �rm-wide mini-

mum wage relative to comparable �rms. Thus, it would seem that the payoffs of higher

pay fully offset the �rm's incentive to mark down workers' pay — and the equilibrium

would be characterized by ef�ciency-wage theory.

This paper makes three contributions. It offers strong tests of ef�ciency-wage theo-

ries, which have been challenging to test empirically. It tests monopsony theories in thick

labor markets. Finally, the paper puts two theories of wage-setting in conversation with

one another, documenting that the payoffs of higher pay temper the �rm's motive to use

its monopsony power to depress wages.

First, we empirically test ef�ciency-wage theories. While an important literature has

developed ef�ciency-wage theory (e.g., Salop, 1979; Solow, 1979; Shapiro and Stiglitz,

1984; Yellen, 1984; Katz, 1986; Weiss, 2014; Naidu and Carr, 2022), these models have

been challenging to test empirically, since most pay changes are endogenous and most

6In this partial equilibrium framework, the �rm takes as given other �rms' wage-setting policies. This
assumption is appropriate for two reasons. First, the �rm employs just 2% of warehouse workers within its
metropolitan areas. Second, the �rm was not a wage leader: before its �rm-wide minimum wage, its wages
were near the middle of the warehouse wage distribution.
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workers' productivity is unmeasured. Empirically, Raff and Summers (1987) explore the

case study of Henry Ford's voluntary minimum wage policy and argue that higher wages

increased productivity by reducing turnover and absenteeism. In a similar vein, Sandvik

et al. (2021) investigate a modern case study at a sales �rm: when one division reduced

commissions, turnover increased, particularly among more productive workers. Cappelli

and Chauvin (1991) leverage a uniform pay policy at a multi-plant �rm to study whether

higher pay relative to local competitors is associated with lower rates of disciplinary dis-

missals.7 We use a natural experiment coupled with objective productivity metrics and

turnover data to test ef�ciency-wage theory in a novel and highly relevant setting. Our

�ndings suggest that Henry Ford's positive assessment of his 1914 �rm minimum wage

policy — as “one of the �nest cost cutting moves we ever made” — could be applied to

this modern �rm's minimum-wage policy (Ford and Crowther, 1923).

A related literature explores the productivity effects of government-mandatedmini-

mum wages (Jayaraman et al., 2016; Ku, 2022; Coviello et al., 2022).8 Our approach dif-

fers from this literature because, in our setting, pay changes in the �rm are independent

of those at other local �rms, thereby allowing us to estimate the labor-supply elasticity to

the �rm and quantify its wage-setting power. One of our central contributions is to clar-

ify how ef�ciency-wage effects change the �rm's incentive to use its wage-setting power

— an analysis that would not be possible using government-mandated minimum wage

changes that simultaneously raise workers' wages and their outside options.

Second, our analysis of thick warehouse labor markets provides a strong test of new

monopsony models. Mounting evidence indicates that �rms have wage-setting power in

a wide array of contexts, such as nursing (e.g., Sullivan, 1989; Staiger et al., 2010), teaching

7Papers have also tested the productivity effects of performance pay (e.g., Lazear, 2000; Bandiera et al.,
2007; Muralidharan and Sundararaman, 2011) andrelativepay (e.g., Cohn et al., 2015; Dube et al., 2019).

8Ku (2022) �nds that increases in the state-level minimum wage increases the productivity of tomato
pickers in Florida, while Hill (2018) �nds the opposite result among strawberry pickers in California. Ja-
yaraman et al. (2016) �nd large but ephemeral increases in productivity for tea harvesters in India after a
minimum wage increase among workers who are hard to �re. Coviello et al. (2022) �nd meaningful in-
creases in productivity of sales workers at a large American department store chain: notably, the estimated
elasticities of productivity with respect to the wage approach one and offset much but not all of the addi-
tional costs of higher compensation. Dustmann et al. (2022) �nd that a government-mandated minimum
wage prompts reallocation of workers to more productive �rms, which could also increase productivity.
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(Ransom and Sims, 2010), and the civil service (Dal Bó et al., 2013).9 While others have

shown that few �rms in a particular region can lead to wage-setting power (e.g., Azar

et al., 2022), our paper shows that, even in markets with many �rms, employers can still

retain some wage-setting power. This �nding aligns with Dube et al. (2020), who �nd

evidence of monopsony power even in an online labor market with commoditized tasks.

Finally, our paper puts these two theories of �rm wage setting in conversation with

one another. The paper documents that the payoffs of higher pay should temper the

�rm's motive to use its monopsony power to depress wages. It both develops and tests

a tractable model that includes (i) search frictions, which can lead to monopsony power,

and (ii) worker effort, which generates ef�ciency-wage incentives. This theory also em-

phasizes that managers' beliefs about — and attention to — the relationship between

workers' pay and productivity can crucially determine wage setting.

The rest of the paper is organized as follows: Section I introduces our model. Section

II introduces the data and setting. Section III details the �rm's voluntary minimum wage

policy and its impacts on productivity, absenteeism, and turnover. Section IV probes the

robustness of our �ndings by examining another sharp jump in pay at a single warehouse

before the pandemic. Section V investigates mechanisms and incorporates complemen-

tary evidence from a Fortune 100 staf�ng agency. Section VI estimates the �rm's return

on their investment in higher pay. Section VII concludes.

I Model

We consider a partial equilibrium model of �rms' wage-setting decisions that fea-

tures both search frictions and ef�ciency-wage incentives. Search frictions may prevent

workers from seamlessly leaving their current �rms, as in monopsony models (Burdett

and Mortensen, 1998; Manning, 2003). Yet workers' productivity may respond to wages,

as in ef�ciency-wage models (Salop, 1979; Solow, 1979; Shapiro and Stiglitz, 1984; Yellen,

1984). We use this model to organize the implications of our empirical analyses for �rms'

9Several papers further use linked employer-employee data to draw a connection between �rm labor
supply and workers' earnings (e.g., Webber, 2015; Bassier et al., 2020).
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wage-setting decisions.10 Finally, we sketch the general-equilibrium implications.

In setting wages, the �rm maximizes pro�ts. Pro�ts are given by �rm output in

dollar-terms, Y, less the wagesw paid to N workers:

max
w,N

P = Y(Ne(w)) � wN s.t. N � N (w), (1)

where e(w) indicates the average productivity of each worker, which can re�ect both the

composition and the effort of the �rm's workforce. The �rm can employ at most the

N (w) workers who apply to the job but need not hire all applicants. The �rm operates

in a market with many other �rms and so does not consider how its chosen wage affects

rivals' wage-setting decisions. This set-up is appropriate for our empirical setting since

warehouses tend to cluster around logistics hubs such as interstate junctures.

We focus on the �rm's labor inputs and abstract from complementary inputs like cap-

ital, which are �xed in the short-term. We assume that the �rm has diminishing marginal

returns to labor Y00(N ) < 0, creating a downward sloping labor demand curve. In the

warehouse setting, there may be a limited number of boxes to move, congestion as the

number of workers increases, or imperfect competition in the output market.

We use the �rst order condition of Equation 1 to express the pro�t-maximizing

wage in terms of two key elasticities. First, we de�ne the productivity elasticity as

ee,w = ¶e(w)
¶w

w
e(w) , which captures how workers' productivity responds to wages. Second,

we de�ne the labor-supply elasticity to the �rm. The number of workers at the �rm is a

function of both the in�ow of new recruits and out�ow of departing workers. We make

the standard assumption that changing the wage has the same impact on recruitment and

departures, since every worker who leaves one �rm is recruited by another �rm (Man-

ning, 2003).11 Under this assumption, the labor-supply elasticity is twice the elasticity of

10Manning (2003) presents a model with both search frictions and ef�ciency-wage incentives but assumes
�rms can observe workers' effort-types. Each �rm acts as a monopsonist within the set of workers who
won't shirk and refuses to hire those who will. We, instead, assume that the �rm can't tell who will shirk.

11The standard assumption that recruitment is the mirror image of departures is convenient because we
do not have data on recruitment. Recently Datta (2023) tested this assumption and found that the elasticity
of recruitment is larger than the elasticity of departures in a large UK services �rm. If this also holds in our
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departures, eDepartures,w = ¶Departures(w)
¶w

w
Departures(w) .

Using these two elasticities, we arrive at an equation for optimal wages, whose full

derivation is in Appendix A:

w =

8
><

>:

Y0(Ne)e
�

2eDepartures,w+ ee,w

1+ 2eDepartures,w

�
if ee,w � 1 and N = N (w)

Y0(Ne)e if ee,w > 1 and N < N (w).
(2)

This optimal wage expression captures several useful predictions. First, if higher pay

increases productivity
�

¶e(w)
¶w > 0 and so ee,w > 0

�
, then it will be pro�t-maximizing to

set a higher wage than if productivity were unrelated to the wage
�

¶e(w)
¶w = 0

�
. A number

of (non-mutually exclusive) mechanisms can link productivity and wages. First, higher

wages may increase effort: by making the job more valuable, higher wages may deter

�reable offenses like shirking (Shapiro and Stiglitz, 1984) and encourage effort in a sort

of reciprocal exchange (Akerlof and Yellen, 1990). Second, higher pay may increase �rm-

speci�c human capital, as workers persist longer at the �rm (Salop, 1979; Krueger and

Summers, 1988).12 Third, higher pay may improve worker selection if workers' latent

productivity and reservation wages are positively correlated (Weiss, 1980).

Expression 2 also captures a fundamental point about the labor-supply curve in the

absence of ef�ciency-wage forces
�

¶e(w)
¶w = 0

�
. As the labor-supply curve �attens out

such that eDepartures,w ! ¥ , we arrive back in the competitive model where the �rm

must pay workers their marginal revenues. Yet, as the elasticity of departures shrinks

and the labor supply curve tilts upward, wages dip below workers' marginal revenues:

w = Y0(N )
�

2eDepartures,w
1+ 2eDepartures,w

�
< MRP. An upward-sloping labor-supply curve may arise if,

for example, there are few local employers or if workers face frictions when considering

alternative jobs (Robinson, 1933; Manning, 2003). The resulting wage-setting power leads

to a wage markdown for a �rm that posts a single wage for all workers: such a �rm must

context, then our approach would underestimate the labor-supply elasticity to the �rm.
12If there are returns to tenure, the �rm could make wages tenure dependent. When we extend our model

to two periods in Appendix A, we arrive at similar predictions.
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weigh the bene�ts of attracting a marginal worker against the costs of increasing wages

for inframarginal workers. In the absence of ef�ciency-wage forces, this dynamic leads

the �rm to set an optimal wage rate below the workers' marginal revenue.

The expression also highlights how the productivity elasticity ee,w moderates the ef-

fects of labor-market frictions on wage-setting. When the �rm faces an upward-sloping

labor-supply curve ( eDepartures,w < ¥ ), then ee,w helps determine whether (and how

much) the �rm marks down wages from workers' marginal revenue. Visually, accounting

for worker effort and selection �attens the effectivelabor-supply curve by causing a bigger

change in effective labor supply for a given change in the wage. The resultant question is:

by how much? If ee,w 2 (0, 1), ef�ciency-wage effects will dull the �rm's incentives to use

its monopsony power, narrowing but not eliminating the gap between the wage and the

marginal revenue. If ee,w = 1, ef�ciency-wage incentives fully offset the �rm's incentive

to use its monopsony power, thereby eliminating the gap between a worker's wage and

marginal revenue. If ee,w > 1, the �rm �nds it less expensive to increase effectivelabor

supply by raising the wage than by hiring more workers. As a result, the �rm will set a

high wage to induce effort but will not hire all the workers who apply instead choosing

N < N (w) such that the marginal revenue equals the wage.

General-Equilibrium Implications.When ef�ciency-wage effects are strong ( ee,w � 1),

our partial-equilibrium model extends to the general-equilibrium model of Shapiro and

Stiglitz (1984). In this case, all �rms will have an incentive to raise pay. Yet, when they

all do so, this undermines the incentive effects of higher pay. A worker knows if she

loses a job at one �rm, there are other �rms that will pay her just as much. However, as

�rms raise pay, they move up their labor demand curve and want to hire fewer workers:

this will generate involuntary unemployment and restore the incentive effects of higher

pay. A worker then knows if she loses a job at this �rm, she risks being unable to �nd

another job. The equilibrium in the market can be restored where the labor demand of

�rms intersects with the incentive constraint of workers. 13

13One concern is that if increasing pay is an optimal strategy, then all �rms should raise wages, which
could generate in�ation. The Shapiro and Stiglitz (1984) model suggests that even if in�ation might be a
concern in the short run, in the longer run wages would stabilize and in�ation would ebb.
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In Shapiro and Stiglitz (1984), the �rm's binding constraint is its ability to incentivize

workers, not its ability to recruit and retain them. Thus, the �rm's upward-sloping labor-

supply curve provides no strategic advantage — while the �rm could theoretically mark-

down wages and still recruit and retain workers, these new workers would not have in-

centives to work hard. As a result, Shapiro and Stiglitz (1984)'s model — with its binding

incentive constraint – applies just as well to our frictional ef�ciency-wage model (when

ee,w � 1) as it does to the benchmark frictionless one.

Identifying which constraint binds — whether it is incentives or labor supply — is

critical to understanding the primary drivers of equilibrium wages and employment lev-

els. In dynamic monopsony models, workers are paid a markdown on their marginal

revenue product and unemployment arises due to search frictions. In ef�ciency-wage

theory, workers are paid their marginal revenue products, but unemployment still arises

as a disciplinary device to make job loss costly. Yet a high unemployment rate is less nec-

essary when monitoring technology is better and when unemployment bene�ts are less

generous — forces that would not feature in standard monopsony models. By identifying

what constraint binds for a speci�c �rm, this paper can speak to the broader determinants

of the labor market equilibrium.

II Data & Empirical Setting

We study a Fortune 500 �rm. Our data come from several administrative sources,

spanning 2018 to 2021. The �rm's human resources (HR) data track every hire and termi-

nation. From this HR data, we construct a running time-series of the pay and departure

rates of the �rm's warehouse workers. 14 Additionally, the �rm's warehouse management

system tracks each warehouse's weekly productivity, based on boxes moved per hour, as

well as its workers' absenteeism. In addition to �rm data, we use public data to contex-

tualize the �rm's labor-market position (detailed in Appendix B).

Table 1 summarizes the data on the �rm's warehouses. To preserve the �rm's

14We focus on warehouse associates, excluding managers, mechanics, and contingent workers. These
associates, whom we refer to as workers throughout the rest of the paper, comprise the core team of box
movers.
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anonymity, we neither specify the precise numbers of workers and warehouses nor re-

veal the exact timing of the voluntary �rm-wide minimum wage. Column 1 includes all

US-based warehouse workers at the �rm. Between 2018 and 2021, the �rm employed

over fourteen thousand warehouse associates in more than �fty warehouses. Column 2

summarizes the six months on either side of the �rm's introduction of a $15/hour volun-

tary �rm-wide minimum wage, which occurred during the COVID-19 pandemic but not

around its major upheavals (the initial lockdown, stimulus checks, or in�ation of 2022).

Column 3 shows the six months on either side of a discrete pay jump in a single ware-

house, which occurred before the pandemic.

II.A Wages

In the �rm's warehouses, hourly compensation for warehouse workers follows a

rigid pay formula. Each warehouse has a base pay rate, which averages just below

$15/hour over our entire period (Table 1A) and always exceeds the state-mandated min-

imum wage by at least $1/hour. Workers' take-home pay can exceed the base rate due to

tenure premiums, machinery operation certi�cations, or premiums for unpleasant shifts

(e.g., night shifts). On average, workers receive an additional $2.30/hour in premium

pay. Notably, these premia do not include any individual or group-level performance

pay. The �rm applied its voluntary $15/hour minimum-wage policy to base wages. As

a result, half of the �rm's warehouse workers were impacted by the policy, even though

many of these workers had take-home pay that already exceeded $15/hour.

Before instituting its voluntary minimum wage, the �rm set wages to target the mid-

dle of the wage distribution in its labor markets (Figure A.1A). Indeed, the average local

pay in warehousing explains 45% of the variation in the initial base pay across the �rm's

warehouses. In the months leading up to the �rm-wide minimum wage, the �rm had

already started to pay a bit above the local averages (Figure A.2).15 As a result, after im-

posing its voluntary minimum wage, the �rm offered wages above local averages. Since

workers' outside options and cost of living were fairly stable during this period, the pay

15A previous draft compared the basepay in the �rm's warehouse with the averagepay in other local
warehouses, which understated the competitiveness of the �rm's pay.
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raises constituted stark increases in nominal, real, and relative wages.

II.B Terminations

As is often the case in warehouses, turnover rates are high: each warehouse loses 11

out of every 100 workers monthly (Table 1B), amounting to an annual turnover rate of

132%. Most departures re�ect quits, not �res. 16 Given the high rate of turnover at the

�rm's warehouses, the typical tenure is just over a year. The �rm's rate of turnover par-

tially re�ects the high separation rate in the entire warehousing sector, which averaged 3.3

workers per hundred each month in the �rm's Metropolitan Statistical Areas (MSAs). 17

While turnover across �rms in the warehousing sector is common, most workers persist

in the industry: over three-quarters of warehouse workers continue to work in the sector

from year to year, both before and during the COVID-19 pandemic (Table A.1).

II.C Productivity

The �rm de�nes warehouses' weekly productivity as the ratio of total boxes moved

to total hours worked. To calculate the numerator, the �rm averages the warehouse's

in�ow of received boxes and out�ow of shipped boxes, thereby ensuring a box counts

as one unit moved only once it is both received at the loading docks and shipped out on

outgoing trucks. To calculate the denominator, the �rm focuses on warehouse workers'

paid work hours, excluding absent hours (described below) and hours of other personnel

such as supervisors. On average, a worker moves the equivalent of six boxes through

the warehouse per hour (Table 1C). Workers do not spend all their time moving boxes:

workers must audit inventory, clean up empty pallets, meet with their shift colleagues, go

to training sessions, and take breaks. In the two-thirds of their time spent solely moving

boxes, the typical worker moves nine boxes per hour or about one box every six minutes.

What happens in a box's journey through the warehouse depends on the type of

warehouse. There are two broad types of warehouses in the �rm's logistics network:

16We categorize those who are �red for poor attendance as quits, since they often resemble quits without
notice from both the worker's and �rm's perspective.

17The industry-level separation rate includes all workers, regardless of occupation, and so includes ad-
ministrative assistants, managers, and others who tend to have lower turnover than warehouse workers.
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the “hubs” that store goods in centralized locations and the “spokes” that connect hubs

to consumers. Each hub employs a few hundred workers in a warehouse that could

�t tens or even hundredsof football �elds (as shown in Figure 1). In the six minutes

that a box moves through a hub, it must be received from the loading dock, unwrapped,

checked by a quality assurance team,18 put away for storage, retrieved when an order

comes in, repackaged and relabeled as needed, and ultimately put on an outgoing truck.

By contrast, in the small “spoke” warehouses, there is a quick turnaround time between

receipt and shipping, generally without storage or repackaging. However, the packages

themselves tend to be quite large, sometimes requiring teams to move.

In the hubs, much of the work requires specialized knowledge. This �rm's large and

unwieldy inventory limits the use of automation technologies. While the �rm uses di-

rectedpicking — where computers identify items' locations — it does not use automated

picking, where machines actually retrieve and deliver items. Additionally, workers de-

cide where to store items rather than relying on directed put-away system that would

specify where to place incoming packages. Consequently, a worker must be familiar with

the warehouse's layout, the current status of its shelves, the computer inventory systems,

and how their work integrates with that of the rest of their team.

Workers often learn as they go. According to one warehouse manager, workers often

learn how to operate new machines on the warehouse �oor, akin to “�rst learning how

to drive on the highway.” Workers also learn the art of stowing boxes as they repeatedly

solve puzzles of where to �t a potentially large and non-rectangular box into an open slot

in the warehouse racks. Finally, workers must develop the muscle memory to physically

move a package off of a (swaying) platform onto a rack while forty feet in the air. Figure

1 depicts workers putting away and retrieving boxes in a hub.

II.D Absenteeism

We collected data on absenteeism. We observe whether a worker missed an assigned

shift and whether she had a pre-approved excuse for this absence (e.g., for sick leave or

18Quality assurance checks random boxes and then checks the whole load if defective products are found.
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jury duty). We focus on unexcused absences as they are the most disruptive for ware-

houses. On a typical work day, 12.5% of workers who are scheduled to work unexpect-

edly do not show up (Table 1D). 19 When we also include late starts and early departures,

workers unexpectedly miss an average of two hours per day. This high rate of absen-

teeism is emblematic of the industry: using data from a major staf�ng agency that con-

tracts with thousands of warehouse �rms, we see that 15% of temporary warehouse jobs

are terminated early because of poor attendance (Table A.10).

II.E Labor Market Context

In terms of its warehouse workforce, this �rm is a reasonably sized �sh in a very big

pond. On average, the �rm employs 1.9% of warehouse workers in the MSAs in which it

operates and at most 6.2% (Figure A.1B shows the distribution). The �rm also competes

with many other �rms, since the labor markets in which it operates are generally uncon-

centrated. As of 2016, these labor markets had an average Her�ndahl-Hirschman index

(HHI) of 109, suggesting that about a hundred warehouse �rms operate in the labor mar-

kets of this �rm. The average HHI in the US is 4,378, which suggests 2.3 �rms operate in

the typical market (Azar et al., 2022).20

While a portion of our analysis period overlaps with the COVID-19 pandemic, it does

not coincide with its big upheavals and adjustments — not the initial lockdowns, stimulus

checks, nor the in�ation of 2022. Further, when thinking about pandemic risks, it is useful

to keep in mind that workers typically work solo in warehouses that span many football

�elds, and so are usually more than six feet from one another (see Figure 1). In terms of

proximity to others, this job is more similar to a solitary Amazon delivery job than to a

manufacturing job where operators might sit within a few feet of one another. Perhaps

due to this fact, there was not an exodus from warehousing during the pandemic: instead,

transition rates out of the sector are comparable to those in previous years (Table A.1).

19In total, 21% of scheduled workers do not come in but about forty percent of these absences are excused
in advance.

20Azar et al. (2022) use job ad data to calculate the HHI, or the sum of the squared market share of each
�rm in the market. The HHI approaches zero for a market with in�nite, similarly-sized �rms and is 10,000
for a market with a single �rm. An HHI of 109 suggests a relatively competitive market.
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III A Voluntary Firm Minimum Wage

We leverage the �rm's introduction of a $15/hour minimum wage to identify the

determinants of wage-setting in our model. First, the more worker departures respond

to pay, the weaker the �rm's monopsony power over pay. Second, the more productivity

responds to pay, the less motive the �rm has to useits monopsony power.

III.A Empirical Approach

Our design leverages the fact that the �rm's implementation of its $15/hour min-

imum wage had more bite for some warehouses than others. Figure 2A illustrates the

�rst stage of our design. Some of the �rm's warehouses initially had base pay above

$15/hour and so did not see a pay increase after the minimum wage. The remaining

warehouses had base pay below $15/hour and were consequently treated by the pol-

icy, with the intensity of the treatment determined by the distance between the initial

wage and $15/hour: for example, warehouses with initial pay of $13/hour experienced a

$2/hour increase in pay, while those with initial pay of $14.50/hour saw a more modest

increase of $0.50/hour. Warehouses that saw larger increases in absolute pay also saw

larger increases in relative pay as wages in other local warehousing jobs all smoothly

trended upward around the introduction of the voluntary minimum wage (Figure A.2).

Figure 2B shows that the �rm-wide minimum wage shifted up the full distribution of

take-home pay in affected warehouses. All workers in a warehouse with base pay below

$15/hour saw an increase in their pay — even if their take-home pay already exceeded

$15/hour. Given this level shift in pay, the policy did not change dynamic incentives, in

contrast to government-mandated minimum wages that often limit the scope of incentive

pay (Hill, 2018; Coviello et al., 2022).21 Moreover, all workers in each warehouse received

the same raise, mitigating feelings of unfairness (Dube et al., 2019). In addition, ware-

houses that received pay raises were far from those that did not, further limiting workers'

exposure to colleagues who saw pay raises that they did not receive and thereby mini-

21Managers, being salaried, didn't receive pay increases. However, the resulting compression in pay
likely had minimal impact on incentives, as no warehouse associate in our data became a salaried manager.
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mizing any spillovers onto the control group.

We use a continuous difference-in-differences design to leverage the heterogeneous

bite of the �rm's minimum wage. We de�ne Gap from $15h as the gap in the warehouse's

initial base pay from $15/hour, with zeroes for warehouses with initial base pay of at

least $15/hour. Postt is an indicator for whether week t occurs after the �rm announced

the minimum wage both internally and externally (and implemented it in workers' next

paychecks). We estimate a two-stage least-squares regression:

First Stage: $/hour h,t = b1st(Gap from $15h � Postt ) + X0
h,t r + mt + mh + uh,t

Second Stage: Yh,t = b2nd D \$/hour + X0
h,t f + mt + mh + vh,t . (3)

where Yh,t represents the outcome of interest (e.g., boxes moved per hour) in warehouse

h in week t; mt denotes week �xed effects; mh, warehouse �xed effects; and Xh,t , time-

varying warehouse controls. We weight the regression by warehouse size (proxied by

boxes moved in the preceding year). Given the relatively small number of warehouses,

we supplement our robust standard errors with Fisher exact p-values, which report the

frequency with which random permutations of “treated” warehouses produce placebo

estimates as large as the focal estimate (Fisher, 1925).

Using two-stage least-squares allows us to interpret b2nd as the effect of paying

$1/hour more even though b̂1st is slightly below one ($0.90/hour, Figure 3A). This ap-

proach also allows us to probe robustness to considering discrete, rather than continuous,

treatments. We include indicators for whether a warehouse is intensely treated (because

its base pay was initially � $14/hour), lightly treated (initially $14.50/hour), or untreated

(initially � $15/hour), as well as a binary version of this classi�cation.

For ease of interpretation, we also compute elasticities, or the percentage change in

the outcome of interest over the percent change in take-home pay:

ey,w =
dy/ Y
dw/ w

! êy,w =
b̂2nd/ Ȳ0

1/ $̄0
(4)
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where Ȳ0 and $̄0 represent averages in the treated warehouses prior to the �rm-wide min-

imum wage. 22 The estimated turnover and productivity elasticities are the empirical ana-

logues of the elasticities in the model's wage-setting equation (Equation 2).

The voluntary �rm-wide minimum wage was implemented at one time across all the

warehouses, so concerns over staggered two-way �xed effects designs do not apply (e.g.,

Goodman-Bacon, 2021). Our preferred speci�cation uses a six-month post-period and a

three-month pre-period to exclude a pay recalibration that selectively increased pay in

some warehouses (see Figure 2). Our results are robust to alternative bandwidths.

Identifying Assumption. Identi�cation relies on a parallel-trends assumption: ware-

houses with different initial wages would have proceeded along parallel trends if not

for the �rm-wide minimum wage. The top-down nature of the policy suggests the as-

sumption is defensible. Regional managers were not consulted and, instead, only learned

about wage changes in their warehouses after the policy was �nalized, mere days before

the public announcement. As a result, local input did not determine local wage changes.

Moreover, the minimum wage policy was not implemented alongside other HR initia-

tives. Finally, there is no evidence of differential pandemic-related changes, as sick leaves

did not change differently across more and less affected warehouses (Figure A.3).

To probe the robustness of this assumption, we include a variety of time-varying

warehouse controls, Xh,t . We include region-by-week �xed effects, where we de�ne re-

gions based on �rm-de�ned logistics regions. 23 For productivity analyses, we further

allow region-by-week effects to vary across hubs and spokes where productivity metrics

may differ. We also consider robustness to including state-level minimum wages and

weekly county COVID-19 death rates. 24 Further, Section IV shows similar results using a

complementary design based on a pre-pandemic pay jump at a large warehouse.

22Elasticities are often computed using log-log regressions. We can't do this for departures, which are
zero in some warehouse-weeks. For productivity, log-log regressions yield similar results as Equation 4.

23The �rm's logistics regions are Northeast, Southeast, Central, Mountain, Southwest, and West. Each
region has seven to nine warehouses and features both treated and untreated warehouses.

24Our preferred speci�cations use COVID-19 deaths since they are less susceptible to measurement error
from variation in testing. Our results are robust to controlling for recorded cases.
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III.B Effects of the Voluntary Firm Minimum Wage

III.B.1 Departures

Increasing pay decreases worker departures from the �rm. Before the �rm-wide min-

imum wage, departures in the treated and control warehouses trended similarly. After-

wards, departures declined at the treated warehouses relative to the control warehouses

(the right plot of Figure 3B). The raw trends suggest that the increase in pay offset other

market forces prompting an increase in worker departures: departures increased in con-

trol warehouses (the black circles in the left plot) but not in treated warehouses. The

impact of higher pay on departures increases over time, starting small and intensifying

throughout our data period, which ends a year after the policy's introduction (see Figure

A.4(a) for the full time series). A similar intensifying effect is observed in other studies

(e.g., Sandvik et al., 2021), potentially due to the gradual arrival of competing offers.

Increasing pay by $1/hour or 5.5% (from a base of $18.02/hour) reduces monthly de-

partures by 4.1 workers per 100 or 48% (from a base of 8.4) (Column 5 of Table 2A). Com-

paring the 48% decrease in departures to the 5.5% increase in pay implies a departure-

elasticity of 8.7 (95% CI= [1.7, 15.7] ). This elasticity is larger than ones typically estimated

in the literature (e.g., Hirsch et al., 2010; Dal Bó et al., 2013; Bassier et al., 2020), which may

re�ect the thickness of warehouse labor markets around logistics hubs. Though large, the

response is �nite, suggesting that the �rm still has some wage-setting power from worker

frictions. Taken by itself, our model suggests that the �rm would use this wage-setting

power to mark down the wage by 5 cents on the dollar (95% CI = [1, 10]). 25

Our results are robust to accounting for changing features of the local labor markets

where the �rm operates. Table A.4A controls for the pay in workers' outside options. We

�rst control for the average local pay within warehousing. We then control for a more

holistic measure of workers' outside options, which incorporates pay not just in ware-

housing but also in the other occupations that former warehouse workers often enter. 26

25We apply Equation 2, assuming ee,w = 0: Y0(Ne)e� w
Y0(Ne)e = 1

1+ 2eDepartures,w
= 1

1+ 2� 8.7 = 0.05.
26We characterize workers' outside options based on typical future occupations of warehouse workers, as
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Our results are also robust to benchmarking departure rates at the �rm to those in the

local warehousing and transportation sector (Table A.5), which may help to absorb local

pandemic shocks and other factors affecting all �rms in the local labor market.

We consider a number of additional robustness checks. First, we �nd similar results

for sparser speci�cations (Columns 2 � 3 of Table 2A) and when using discrete rather than

continuous treatment indicators (Table A.3(a)). Second, we consider a placebo check that

applies Equation 3 in other years, which reveals insigni�cant results with the opposite

sign (Table A.6(a)). Third, we perform a permutation test that randomly reassigns which

warehouses receive placebo pay increases: our one-sided p-value of 0.04 suggests that it

is unlikely this change could have resulted by chance (Figure A.5(a)). Finally, we exclude

each warehouse in turn and �nd stable results (Figure A.6(a)).

Unpacking Departures. The decrease in departures is driven by quits (Table 2B). By con-

trast, we see no change in �rings (Table 2C) or departures for other reasons (e.g., lay-

offs). In addition to this revealed-preference metric of retention, higher pay also improved

workers' stated satisfaction or quarterly “net promoter” scores (Figure A.7). 27 A $1/hour

increase in pay increases worker satisfaction by 75% (p-value = 0.004), which is even

larger than the 48% decline in departures. These pieces of evidence are consistent with

ef�ciency-wage models that predict higher wages mean a job is more valuable to a worker.

Heterogeneity by Labor Market Context. The effects of higher pay on departures may

depend on the surrounding market. In places with fewer comparable jobs or fewer com-

peting employers, the scarcity of alternatives likely makes it harder for workers to leave

their jobs, regardless of the pay at the �rm. As such, we would expect a negative relation-

ship between local job availability and departures in the cross section, and also a weaker

observed in the Current Population Survey (Sarah Flood and Warren, 2020). Table A.1 shows that the vast
majority of warehouse workers continue on in warehouse work, though some become drivers, stock clerks,
and packers. To construct warehouses workers' pay in their outside options in each MSA, we weight each
wage in the Bureau of Labor Statistics (2022a) by these transition probabilities both overall for 2018 � 2021
and speci�cally in 2020 � 2021. This is analogous to the approach in Schubert et al. (2021).

27Worker satisfaction surveys ask employees “How likely are you to recommend [this �rm] to a friend?”
with options from 0 (not at all likely) to 10 (extremely likely). The “net promoter” score is calculated as the
percent of promoters (who report 9 or 10) less the percent of “detractors” (who report 0 � 6).
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impact of our pay change on departure rates.

We �rst use the number of surrounding jobs in warehousing as a proxy for job avail-

ability. 28 At any given wage, baseline departure rates are lower in areas with a below-

average number of local warehousing jobs (gap = 3.2 pp, p-value < 0.0001). Further, in

these areas, departures respond less to the pay increases caused by the �rm-wide mini-

mum wage, decreasing by 7.0 pp (p-value = 0.05) less per $1/hour increase (Figure 4A).

We next use measures of local labor market concentration computed by Azar et

al. (2022). The labor markets of this �rm's warehouses are quite competitive, with

Her�ndahl-Hirschman Indices (HHIs) that are all well below levels that antitrust agen-

cies consider to be concentrated.29 Yet, even within this range, we �nd that warehouses

in markets with higher HHIs — and thus fewer �rms hiring — tend to have lower depar-

ture rates at a given wage than those with below average HHIs (gap = 4.9 pp, p-value

< 0.0001). Furthermore, in more concentrated warehouse labor markets, departures de-

crease by 12.1 pp (p-value= 0.08) less in response to $1/hour pay increases caused by the

�rm-wide minimum wage, as would be predicted by monopsony theory (Figure 4B).

We �nd the �rm has some degree of wage-setting power, especially in certain labor

markets. We next investigate its incentives to use this power to markdown wages.

III.B.2 Productivity

Increasing pay substantially increases productivity. When the �rm implemented its

voluntary minimum wage, the productivity in its lowest paid and least productive ware-

houses caught up to the productivity in the rest of its warehouses. The left plot of Fig-

ure 3C illustrates this pattern: around the implementation of the voluntary minimum

wage, productivity sharply increases in the initially low-paid, intensely-treated ware-

houses (blue diamonds), marginally increases in the slightly treated warehouses (blue

triangles), and remains approximately constant in the untreated warehouses (black cir-

28We divide the sample so that the treatment group has as many warehouses above as below the thresh-
old. In the top half, the median location has 49,610 warehouse jobs, compared to 16,440 jobs in the bottom.

29We again divide the sample so the treatment group has an equal number of warehouses above and
below the threshold. In the bottom half, the HHI ranges from 49 to 89 and in the top half from 93 to 402.
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cles). The right plot illustrates these differences dynamically. In the three months before

the imposition of the �rm's minimum wage, productivity trended similarly across the

�rm's �fty-plus warehouses. When the �rm-wide minimum wage was announced and

implemented, productivity sharply increased in the warehouses that were more exposed

to the minimum wage relative to those that were less exposed.

On average, a $1/hour or 5.5% increase in pay (from a base of $18.02/hour) increases

boxes moved per hour by 0.39 or 5.7% (from a base of 6.80 boxes/hour; Column 5 of Table

3A). Comparing the 5.7% increase in productivity to the 5.5% increase in pay reveals

a productivity elasticity of 1.02. 30 Since the productivity changes emerge immediately,

estimates are similar in narrow bandwidths (Table A.2(b)). The productivity effects are

also persistent, with similar effects over the full time series (Figure A.4(b)).

The strong link between productivity and pay tempers the �rm's incentive to exercise

its wage-setting power by marking down pay. Incorporating the productivity response

into the wage-setting equation would suggest that the �rm would maximize pro�ts by

not setting any markdown on the wage. 31 Even at the lower end of our con�dence inter-

vals, the �rm would mark down pay by only 4 cents on the dollar, compared to 10 cents

without ef�ciency wage incentives.

We consider several robustness checks. First, our results are robust to controlling for

changes in workers' local outside options and to de�ning pay in relative rather than ab-

solute terms (Table A.4B). Second, we �nd similar results when including a sparser set of

controls (Columns 2 � 3 of Table 3A) and when using discrete rather than continuous treat-

ment indicators (Table A.3B). Third, we do not �nd signi�cant effects in placebo checks

around the same months in two other years (Table A.6B). Fourth, we perform a permu-

tation test that randomly permutes the intensity of the treatment across warehouses: this

exercise suggests a one-sided p-value of 0.12 (Figure A.5B). Finally, our results are not

sensitive to excluding any particular warehouse (Figure A.6B).

30Using a log-log regression yields a statistically indistinguishable elasticity of 0.90.
31Note, we have: w

Y0(Ne)e =
2eDepartures,w+ ee,w

1+ 2eDepartures,w
= 2�8.7+ 1.02

1+ 2�8.7 = 1.001.
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We decompose the productivity increase into two components: (i) time spent mov-

ing boxes and (ii) the number of boxes handled in an hour dedicated to moving. In the

hub warehouses where these data are available, we �nd that 58.3% of the increase in pro-

ductivity can be attributed to an increase in the share of hours that workers move boxes

(Table 3B). This result is consistent with the warehouse operating more smoothly and

thus requiring less time for rearranging inventory, meeting with managers, or training

new employees. Despite spending more time moving boxes, injuries if anything decline

(2.8 pp, 95% CI= [-8.8, 3.1] in Table A.9).32

Absenteeism. Absenteeism substantially decreases in warehouses where pay increases.

Figure 3D illustrates this result: treated warehouses see an immediate decline in absen-

teeism relative to control warehouses, an effect that grows over time. A $1/hour increase

in pay reduces the likelihood of absenteeism by 2.7 pp or 18.6% (Column 2 Table 3C). We

likewise see a decrease of 1.1 absent hours per day, nearly halving the baseline mean of

2.4 hours (Table A.7). Given the seasonal variation in absenteeism (seen in the left plot of

Figure 3D), being able to compare trends in the treated warehouses to those in the control

warehouses is essential for isolating the effect of higher pay on absenteeism.

Individual-level data on absenteeism helps us distinguish between possible sources

of improvement: are existing workers becoming more reliable, or is the workforce shifting

toward more dependable employees? We �nd that both factors are at play. Speci�cally,

about half of the reduction in unexcused absences (46� 58% in Columns 3� 4 of Table 3C;

Figure 6A) remains when we include worker �xed effects and control for tenure. This

result suggests that higher pay incentivizes improved behavior of existing workers, in

addition to improving worker selection. Table A.8 shows direct evidence of improved

selection. In more treated warehouses, new hires recruited after the policy change are

more reliable (41% of the total effect) as are the existing workers who are retained (13%).

Heterogeneity by Labor Market Context. In thick labor markets with many comparable

jobs and competing employers, pay may be essential for incentivizing effort, as workers

32Each year, the �rm reports all injuries to the Occupational Health and Safety Administration (OSHA)
in Form 300A, so the outcome is annual not weekly.
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know they can quickly �nd a replacement job if they lose this one — but not necessarily

one that pays as much. In contrast, in thinner markets, raising pay may do less to incen-

tivize effort, as workers anticipate dif�culty �nding a replacement job. We �nd support

for these predictions. Higher pay increases productivity more in markets with more local

warehousing jobs (gap of 1.2 boxes per hour, p-value < 0.0001; Figure 4B) and in less

concentrated labor markets (gap of 1.2 boxes per hour, p-value = 0.03; Figure 4C). This

�nding suggests that while ef�ciency-wage effects could dull the effects of monopsony

power overall, it could amplify differences across labor markets. More concentrated la-

bor markets may give �rms both more monopsony power and also more incentive to use

this power to markdown wages.

IV A Pre-Covid Pay Jump

To probe the robustness of our �ndings, we leverage an abrupt pay change that oc-

curred in one of the �rm's warehouses prior to the pandemic. While the warehouse was

not randomly selected for a pay raise, the timing was plausibly exogenous: corporate ex-

ecutives approved the raise substantially after local managers initially requested it. We

utilize this quasi-random timing in an interrupted time-series design.

IV.A Empirical Approach

In a couple of weeks, the warehouse's pay increased from $16/hour to $18/hour

(Figure 5A). At the warehouse, the regional manager had long been concerned about high

turnover and absenteeism, but it took corporate decision-makers months to get around to

the proposal.33 We study this discrete pay change in an interrupted time-series design:

First Stage: $t = a0 + dPostt + nt

Second Stage: Yt = a1 + b$$̂t + et (5)

33In the quarter before the pay raise, turnover was double that of the rest of the �rm and absenteeism was
34% higher. This re�ected intense local competition and grueling work handling large, unwieldy parcels.
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where b$ is our parameter of interest. We also estimate a difference-in-differences (DiD)

design, comparing changes in the treated warehouse to those in the �rm's other ware-

houses, which did not experience discrete pay changes during this period:

First Stage: $wt = dPost in Treated Warehouset + mw + mt + vwt

Second Stage: Ywt = bDiD
$ $̂wt + mw + mt + uwt (6)

where mw represent warehouse �xed effects and mt represent week �xed effects.

For b$ to capture the causal effect of higher pay, there must be no other coincident

changes in the treated warehouse (and for bDiD
$ to be causal, any such changes must paral-

lel those in the rest of the �rm). The warehouse's manager con�rmed that the pay change

did not coincide with changes in the nature of the work nor conditions in the local labor

market. We independently veri�ed that there were no contemporaneous changes in hir-

ing by nearby rival �rms. Additionally, in placebo checks, we show that there were no

similar changes in the �rm's other warehouses that were either (i) operating in the same

labor market or (ii) handling similar parcels. 34 As with the �rm-wide minimum wage,

the pay increase resulted in a rightward shift of the whole pay distribution (Figure A.8)

and so did not affect dynamic incentives nor feelings of (in)equality.

IV.B Effects of the Pre-Covid Pay Jump

IV.B.1 Departures.

After pay increases, workers depart the warehouse at a lower rate, as illustrated in

Figure 5B. Before the pay jump, 19.6 workers per 100 left per month; afterwards, this rate

fell to 11.9. Since paying 12.3% ($2/hour) more decreases departures by 39.4% (7.7 from

a base of 19.6), this implies a turnover elasticity of 3.22. Using a difference-in-differences

design implies a similar turnover elasticity of 4.83 (Column 4 of Table 4A). As with the

voluntary �rm minimum wage, the overall effect on turnover is driven by voluntary quits

34The treated warehouse and two other “twin” warehouses handle large parcels the size of refrigerators
or sofas. Other warehouses handle parcels the size of toasters or tea towels. The twin warehouses are not
geographically proximate since they each handle different regions.
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(Columns 5� 6), with no impact on being �red (Column 7 � 8).35

We use two placebo checks to help validate the design. First, as shown in Figure

A.9A, departures did not signi�cantly change in two untreated warehouses within a

15-minute drive of the treated warehouse. This null result suggests that the decrease

in turnover is not driven by spurious changes in the local labor market, since such

changes would also affect these other local warehouses. Second, Figure A.9C shows that

if anything departures slightly increased in “twin” warehouses handling similarly large

parcels, suggesting that the reduction in turnover is not driven by improvements in the

�rm's handling of large parcels.

Similar to the results from the �rm-wide minimum wage, these departure effects

indicate a large but �nite labor-supply elasticity, giving the �rm some degree of wage-

setting power. On its own, this elasticity would suggest that the �rm would set a wage-

markdown of 13 cents on the dollar (95% CI = [8, 19]).

IV.B.2 Productivity.

After pay discretely increased, productivity also rose. A $2/hour increase in pay

increases productivity by 0.78 boxes per hour or 16.1% (Figure 5C). Comparing the 16.1%

increase in productivity to the 12.3% increase in pay yields an elasticity of 1.31, which is

quite similar to the elasticity of 1.02 measured for the �rm-wide minimum wage design.

We �nd similar estimates using a difference-in-differences design that compares the

change in the focal treated warehouse to the change in the �rm's other warehouses (Col-

umn 2 of Table 4B). In placebo checks, we do not see similar changes in productivity in

two, untreated nearby warehouses (Figure A.9B) or in two, untreated “twin” warehouses

that handle similarly large parcels and so would be similarly impacted by any demand

shocks or technological changes at the �rm (Figure A.9D).

The increase in boxes moved primarily stems from workers moving boxes faster

rather than spending more time moving boxes (Columns 3 � 4 of Table 4B). This different

source of the productivity change relative to what we found for the �rm-wide minimum

35There are no other departures such as layoffs or no-shows of new hires.

25



The Payoffs of Higher Pay Emanuel & Harrington

wage may re�ect the particular demands of this warehouse's work: when moving large

boxes, there may be more scope for effort, experience, and selection to increase workers'

speed in working in teams and operating machines.

IV.B.3 Absenteeism.

After pay increases, the warehouse may operate more ef�ciently in part because

workers are more likely to show up. Figure 5D illustrates the decline in absenteeism

around the $2 increase in pay. Once pay increases, absenteeism declines by 3.2 pp or -

20.8%. This analysis focuses on non-holidays to reduce seasonal variation in absenteeism

(Column 2 of Table 4C). Results are similar, albeit slightly attenuated, if we include hol-

idays (Column 1), since Thanksgiving, Christmas, and New Year's are all in the post-

period. Our DiD design produces similar estimates regardless of whether we include

holidays (Columns 3 � 4), since this nets out seasonal variation by comparing changes in

the treated warehouse to contemporaneous changes in the control warehouses.

Strikingly, the estimated reduction in absenteeism is almost identical when we in-

clude worker �xed effects and further account for worker tenure (Column 5 � 6). This

result indicates that existing workers became more reliable once they are paid more.

IV.B.4 Implications.

The results from the discrete pay jump align with those from the �rm-wide minimum

wage. Higher pay boosts productivity, partly by motivating existing workers to become

more reliable. Incorporating this productivity effect into the optimal wage-setting equa-

tion suggests that the �rm should not mark down wages at all, in contrast to the optimal

13 cent-per-dollar markdown in a world with solely search frictions.

V Mechanisms

To better understand the payoffs of higher pay, we present additional evidence from

our Fortune 500 �rm and from an entirely distinct Fortune 100 staf�ng agency, which

places warehouse workers in thousands of companies.
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V.A Incentive Effects

We found that higher pay motivated existing workers to become more reliable in

both of the designs discussed in Sections III� IV. Figure 6A summarizes these �ndings,

showing that about half of the total reduction in absenteeism persists within workers

in the �rm-wide minimum wage design, while nearly all of it persists in the pay jump

design. Since attendance is a basic measure of effort, these results suggest that workers

put in more effort once their job becomes better paid and, thus, more valuable to them.

To move beyond attendance as a measure of effort, we collected data from a Fortune

100 staf�ng agency that placed 93,176 warehouse workers in a total of 310,080 placements

between 2016 and 2018 (Table A.10). Firms rate the performance of workers placed with

them after each assignment. Because we often observe the same worker placed in several

comparable warehouse jobs with different wages, the staf�ng agency data offer another

valuable opportunity to diagnose the incentive effects of higher pay: do workers become

more reliable and more effective when their job pays them more?

In Figure 6B, we �rst compare outcomes in warehousing jobs in the same labor mar-

ket that differ in their pay (in light blue) and then see how much of these differences

persist within worker (in dark blue, see Appendix C for additional detail on the design).

Like in the focal Fortune 500 �rm, we �nd that workers become more reliable when they

are paid more: jobs that pay $1/hour more are 1.1 pp (9.5%) less likely to end early be-

cause of attendance problems, 35.9% of which is driven by changes within worker. These

patterns also extend to more subjective and holistic evaluations of worker effort. Workers

are 1.2 pp (10.9%) more likely to get an “excellent” performance evaluation if the job pays

$1/hour more. When we include worker �xed effects, 49.0% of this difference persists. 36

Poor evaluations and positive ones also show improved behavior. Taken together, these

�ndings provide evidence that the behavioral responses to higher pay that we observe in

the focal �rm generalize to other �rms and to other metrics of effort.

36The results on attendance and excellent evaluations are distinct from one another: the results for excel-
lent evaluations are almost identical when excluding jobs that end because of attendance issues.
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V.B Experience Effects

Experienced workers seem to be highly valuable to the �rm. Figure 7 shows that

higher average tenure in a warehouse is tied to greater productivity, with each additional

month of average tenure associated with 1.7% higher productivity. This is particularly

true in the more complex hub warehouses, where managers compared learning to operate

the machinery to learning to drive on a highway. The high returns to worker tenure

may contribute to the stark productivity increases after the opening of new warehouses,

particularly larger ones, as workers gain experience (Figure A.11). 37

We can gauge the productivity increase due to tenure. Taking the cross-sectional cor-

relation between tenure and productivity at face value, higher pay's impact on worker

tenure would increase productivity by 1.5%, which could account for 27% of the produc-

tivity increase. 38 This pattern suggests that the returns to worker experience may be a

key component in reducing �rms' incentive to mark down wages. 39

VI Returns to Raising Pay & The Pro�t-Maximizing Wage

We now consider how our results would impact optimal wage-setting decisions. To

do this, we consider the possibility that the �rm rationally incorporates the productivity

effects of higher pay or instead partially or fully ignores these returns.

Suppose the �rm only acknowledges labor-supply frictions facing workers. The �rm

then recognizes that it has wage-setting power but does not recognize its own ef�ciency-

wage incentives. In this case, the �rm would set a wage-markdown of 5 cents on the dol-

lar, paying $0.95 per marginal dollar of value based on the estimates from the �rm-wide

minimum wage (leftmost estimates in Figure A.12A). 40 This narrow view suggests a neg-

37The returns to tenure may grow as supervisors can invest more in existing workers when training fewer
new hires. An internal memo noted that lower turnover lets supervisors focus on “upskilling” their teams.

38A $1/hour increase leads to a 1.0 month increase in tenure around the �rm-wide minimum wage (Fig-
ure A.7B). One month of additional average tenure is associated with 0.10 additional boxes moved per hour
in the warehouse. Taken together this would increase boxes moved by 0.10 boxes per hour or 1.5%.

39A �rm could also set wages with an eye toward increasing tenure. We extend our model to two periods
in Appendix A and reach similar predictions as our core model.

40Estimates from the wage jump suggest a more extreme 13 cent markdown (95% CI = [8, 19]).
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ative return on investment from paying workers $1/hour more in wages plus $0.30/hour

in taxes and bene�ts (leftmost estimates in Figure A.12B).

In reality, the �rm we study does recognize some of its ef�ciency-wage incentives

but takes a fairly narrow view of them. The �rm's �nance team estimates that the �rm

spends $1,950 for each new hire for training, drug testing, badges, and other administra-

tive overhead. When the �rm acknowledges this part of ef�ciency-wage incentives, then

the optimal markdown is nearly halved and is only 3 cents (95% CI = [-2, 8]).41 Since

increasing pay reduces turnover costs by only $0.36 per dollar spent, the investment in

higher pay would still have a negative net return (middle estimate in Figure A.12B). 42

If the �rm fully recognizes the relationship between pay and productivity, then the

perceived pro�t-maximizing wage would be much closer to the workers' marginal rev-

enue. In fact, when we incorporate both the increases in productivity (as in Section III)

and the savings in turnover costs (as above), our point estimate indicates that workers

would be paid their marginal revenue (the rightmost estimate in Figure A.12A). A return-

on-investment calculation would likewise recognize that the costs of higher wages would

be fully defrayed. 43 Yet internal documents from the �rm indicate that the relationship

between pay and productivity is not in the �nance team's bene�t-cost calculations. 44

Consistent with the pay raise being pro�table, the �rm's stock price increased by 13%

in the month after the �rm-wide minimum wage, and 11% relative to other comparable

�rms' (p-value = 0.028).45 A permutation test indicates that it is unlikely that this stock-

price change occurred by chance: around placebo dates, only 2.7% (1.4%) of the �rm's

41In this case, estimates from the wage jump suggest a 8 cent markdown (95% CI= [2, 14]).
42We �nd that increasing pay $1/hour causes 4.1 fewer workers per 100 to leave each month, saving the

�rm $7,915 per 100 workers (4.1 fewer departures � $1,950 cost per new recruit). To realize this change, the
�rm must pay 100 workers $1/hour more in wages and $0.30/hour more in taxes for twenty-one, eight-
hour days, at a total cost of $21,840 (100 workers� 168 hours/month � $1.30/hour). Thus, the �rm's gross
return would only be 0.36 ($7,915/$21,840) and its net cost would be $0.64.

43Based on the hourly pay in the treated warehouses, in the two quarters before the pay jump, the �rm
spent $3.42 per box moved ($17.87 in hourly wages� 1.30 in taxes / 6.8 boxes moved per person-hour). Since
higher pay increased productivity by 0.39 boxes per person-hour, the gross return on a $1 pay increase,
which costs the �rm $1.30/hour in wages and taxes, is $1.68/hour.

44Some said managers believed higher pay could boost productivity of salaried but not frontline workers.
45We de�ne comparable �rms as other top grossing �rms in the industry. The result is similar if we focus

on logistics �rms and if we use opening, closing, low, or high prices and bandwidths of 1 � 6 months.

29



The Payoffs of Higher Pay Emanuel & Harrington

absolute (relative) stock-price changes are as large (Figure A.10).

Estimate Limitations. Our estimates of the returns to higher pay are incomplete. They do

not include "shrink" — an industry term for theft — which likely decreases as higher pay

reduces �nancial need and increases motivation to keep the job. They also omit damages

to products , where higher pay's effect is ambiguous — more experienced workers may

damage fewer products, but increased effort could lead to congestion and fatigue.

These estimates re�ect the consequences of a change in pay from a particular start-

ing level. When starting at higher pay levels, further increasing pay may have less pro-

nounced effects. Nevertheless, our results are striking because they indicate that, at least

locally, the �rm had no incentive to mark down pay.

VII Conclusion

This paper uses a Fortune 500 �rm's voluntary minimum wage to examine how

higher pay affects worker departures, absenteeism, and productivity. We �nd that a one

percent increase in pay decreases worker departures from the �rm by nearly ten per-

cent. This elasticity is much higher than other estimates in the literature, consistent with

the thick warehouse markets around logistics hubs. Nevertheless, this elasticity is �-

nite, indicating that the �rm has some wage-setting power. If the �rm focused only on

its monopsony power, we estimate that the �rm would set wages at 5% below workers'

marginal revenue.

However, ef�ciency-wage effects may curb the �rm's incentive to use its wage-setting

power to mark down wages. We �nd that a one percent increase in wages leads to a one

percent increase in boxes moved per worker-hour. Recognizing the link between pay

and productivity suggests that �rms like this one have limited incentive to act on their

market power by reducing wages. This countervailing force of ef�ciency wages may

be particularly pertinent amidst declining union power, 46 increasing automation, rising

trade, and other threats to workers' bargaining power.

46While unionization rates increased in 2020, they have continued to fall since then despite some success-
ful, high-pro�le unionization efforts (U.S. Bureau of Labor Statistics, 2023).
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Our emphasis on the interplay between ef�ciency wages and monopsony power may

help explain long-standing puzzles in the literature and important labor-market trends.

First, current estimates of monopsony power imply an implausibly low labor share of in-

come. The offsetting force of ef�ciency-wage incentives is one way to reconcile pervasive

monopsony power with reasonable labor shares of income.

Second, changes in ef�ciency wages may help explain secular declines in real-wages

among less-educated workers. For example, improved monitoring technologies may al-

low �rms to shift from the carrot of higher pay toward the stick of termination. 47 In ad-

dition, technologies that simplify tasks may substitute for workers' �rm-speci�c human

capital — and thereby lessen the returns of retaining workers by raising pay. Indeed, the

market may direct technological changes exactly at those that would reduce ef�ciency

wages (Acemoglu, 2023). Relatedly, greater churn in low-wage jobs from non-wage fac-

tors — due to, for example, substance-use problems or unstable child-care arrangements

— may limit the incentive effects of higher pay, as workers know their time in even a

high-paying job may be �eeting. Such changes could mean that ef�ciency wages have

become weaker counterbalances to �rms' monopsony power in recent years. Yet despite

such changes, our paper suggests that ef�ciency-wage theory has continued relevance.

Our paper also underscores the value of opening the black box of �rm wage-setting

decisions in a world in which labor market frictions mean �rms are not entirely wage-

takers. Focusing on one �rm gave us access to objective productivity measures that map

directly to the �rm's bottom line. Our case-study approach also allowed us to glean in-

sight into which factors do and do not enter into the �rm's wage-setting discussions. The

�rm we studied had overlooked the productivity effects of higher pay for its front-line

workers. If many �rms do not incorporate ef�ciency wage incentives when setting wages

— especially for lower-wage workers — then they may use their monopsony power more,

which could contribute to persistent or widening inequality.

47The �rm that we study makes relatively limited use of monitoring and automation technologies used by
some other warehousing �rms because of the nature of the �rm's parcels. It is possible that ef�ciency-wage
effects would be less potent in other �rms that can use these technologies.
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