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1 Introduction

The value of a job is the combination of its attributes, some of which are monetary, and
others non-monetary. Non-wage work amenities are an important part of this overall
value. Traditional benefits like health insurance, retirement and paid leave alone repre-
sent approximately 30 percent of total worker compensation (BLS 2024) in the United
States, on average. However, benefits are only one dimension of the value of a work-
place. Scheduling practices, family leave, and telecommuting policies have all been
shown to have relevance to many workers (Mas and Pallais 2017; Wiswall and Zafar
2018; Maestas et al. 2023). Intangible amenities, like dignity at work and whether the
workplace has a hostile climate, weigh heavily in worker preferences (Dube, Naidu, and
Reich 2022; Collis and Van Effenterre 2025). In the employer-employee matched Lon-
gitudinal Employer-Household Dynamics (LEHD) data, forty percent of employment-
to-employment moves are to lower paying firms (Sorkin 2018), suggesting that motiva-
tions beyond wages drive many job transitions.

A second class of facts concern differences in availability or take-up of non-wage
amenities by worker characteristics.1 The body of evidence consistently point to the
conclusion that valuable non-wage amenities and better working conditions are dispro-
portionately offered at higher parts of the earnings distribution. In 2014, the benefits
share of total compensation for civilians was over twice as large at the 80th percentile
of the wage distribution than at the 20th percentile (Monaco and Pierce 2015). Workers
with higher education have better working conditions (Maestas et al. 2023). Jobs with
better amenities in one dimension have better amenities in other dimensions (Sockin
2022). Jobs with better amenities, on average, tend to also have higher wages (Pierce
2001; Roussille and Scuderi 2023; Sockin 2022; Caldwell, Haegele, and Heining 2024).
But there are nuances, for example evidence that in some cases less productive work-
ers select to have amenities, like working from home (WFH), when given the option
(Emanuel and Harrington 2024).

What explains the high levels and variation of non-wage amenities across firms
and workers? Labor economists have confronted the growing evidence base, build-
ing frameworks to understand their effects on overall welfare, the wage structure, how
workers value these amenities, and how firms produce them. In this Chapter, I dis-
cuss these frameworks—both theoretical and econometric—and the empirical findings.
I begin with a benchmark representative agent model of amenity determination under
perfect competition. While for historical reasons this topic is often introduced with the

1In this Chapter, I will use the term non-wage amenity broadly to refer to any job characteristic that
is not direct compensation.
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more complex model of two-sided heterogeneity from Rosen (1986) and Rosen (1974),
which I will also review, many of its key predictions can be understood from this sim-
pler and more tractable framework. I use this framework to guide the analysis of the
determinants of non-wage amenities. Variation in amenities can be driven by costs,
preferences, income, or other factors like unions, productivity investments, or regula-
tion.

I also use the benchmark model to discuss what has been the traditional focus on
amenities: the theory of equalizing differences or compensating differentials, under
which monetary and non-monetary factors balance a job’s overall attractiveness, and
hedonic models, which examine how wages adjust to for varying job characteristics,
reflecting worker preferences and firms’ costs. There are several reasons why the the-
ory of equalizing differences and compensating differentials is a pillar of the labor eco-
nomics canon. The first is that it is a sharp test of competitive markets. By the definition
of a competitive equilibrium, in a static equilibrium workers should not improve their
situation by changing firms. When there is an undesirable job characteristic, wages
should be higher to maintain this condition. This is, at least in principle, a straight-
forward prediction to test and one that is at the core of our understanding of market
structure. A second reason for the interest in compensating differentials is that it is a
mechanism explaining variation in wages. Why do wages vary for the same worker
across different firms, as has been documented extensively (Abowd, Kramarz, and
Margolis 1999 (AKM))? It is a candidate to explain, without resorting to market inef-
ficiency, why the law of one price seemingly does not hold in the labor market—this
variation may just reflect amenity differences. In the same vein, compensating differ-
entials are closely aligned to incidence questions that are also germane to the wage
structure—for example, how rising health care costs affect wages and inequality, or
how benefit mandates, like paid family leave, affect the gender pay gap. The concept is
also useful for understanding spatial differences in wages, following the seminal paper
of Roback (1982) and the large literature that has followed. A third reason for the in-
terest in compensating differentials is its application to determine implicit prices, that
is, marginal willingness to pay (MWTP) for non-market work characteristics. MWTP
can be used to evaluate policies affecting the work environment. For example, if we
are interested in the welfare implications of regulating irregular scheduling, it would be
useful to know workers’ willingness to pay (WTP) to avoid irregular scheduling and to
weigh that against the cost of the policy.

In this chapter, I follow my interpretation of the direction of the literature by broad-
ening the inquiry beyond compensating differentials and hedonics to the more general
question on the determinants and implications of non-wage amenities. One motivation
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for this more expansive approach is that hedonic approaches to estimate compensating
differentials have been generally incapable producing reliable estimates of preferences
over amenities. There are many reasons, but an important one is that if the perfect
competition test fails—and by my read it will—the utility of subsequent theoretical
applications premised on a competitive model diminishes. I subsequently review ap-
proaches for analyzing and incorporating non-wage amenities that assume or embrace
models of imperfect competition. These models can include rent-sharing, efficiency
wages, monopsony, and search frictions. These models share the prediction that, once
we deviate from perfect competition, there is variation in job value for a given worker,
and this variation will be in conflict with the law of one price. This variation in job value
turns out to be important quantitatively, and breaks the relationship between wages and
amenities that we might otherwise observe in a compensating differentials framework.
My discussion also includes evaluating the now commonly employed approach of ex-
plaining markdown in wages by way of horizontal firm differentiation.

I then outline different revealed preferences approaches that look directly to the
choice margin to estimate preference parameters. These include experimental approaches,
as in Mas and Pallais (2017), discrete choice experiments embedded in surveys, meth-
ods that use non-experimental offer data or information on the job separation margin,
applications from the computer science literature to use employment flows to estimate
the value of firms, as in Sorkin (2018), and structural equilibrium models that infer
the aggregate importance of non-wage amenities from observed moments. These re-
vealed preference methods have been increasingly used because they do not rely on
assumptions of perfect competition. Indeed, they are premised on imperfectly competi-
tive markets. Advances in these approaches have expanded the production possibilities
frontier in this broad area of inquiry.

Traditionally, when non-wage amenities are taught, students encounter the “mixed
record” of hedonic compensating differential estimates, and the topic often ends more
or less there on a pessimistic note. My aim in this Chapter is to emphasize possibilities.
And I believe this optimism is warranted. There is now a large and mature literature
on non-wage amenities that has broadly influenced all areas of economics beyond la-
bor, including macroeconomics, public finance, theory, and econometrics. It is also an
area of inquiry that cuts across methodological silos, including price and search theory,
randomized control trials, survey experiments, and structural estimation. All of these
different approaches have led to numerous substantive findings on how workers and
firms value amenities, and on the structure of markets. Beyond the academic literature,
this is an area with a close connection to applications, ranging from the increasing use
of conjoint analysis by companies to determine employee benefit packages, to the es-
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timation of the value of a statistical life (VSL), a key input in cost-benefit analysis of
regulation.

2 Amenity Determination Under Perfect Competition

I begin by describing models of amenity determination in a perfectly competitive mar-
ket, starting from the problem of the firm as the consumer, which I call the benchmark
model, followed by the influential Rosen (1974) and Rosen (1986) models that allow
for worker and firm heterogeneity and sorting.

2.1 Benchmark Model of Amenity Determination

Why do firms provide non-wage amenities instead of higher pay? A plausible answer
is that the value of amenities to workers exceeds the average cost of amenity provision
to firms. I formalize this in a representative agent model for optimal amenity choices.
Variants of this model have been employed by Woodbury and Huang (1991), Sorkin
(2018) and Dube, Naidu, and Reich (2022).

Consider a firm choosing a wage w and n real-valued amenities {a1,a2, . . . ,an} for
a representative worker. Denote the tax rate on wages as t and net-of-tax wages as
z ≡ (1− t)w. Amenities are untaxed. Let the worker’s utility be V

(
z,a1, . . . ,an

)
, where

∂ 2V
∂a2

k
≤ 0 for all k ∈ {1, . . . ,n}. The total value of a job for a given level of skill s, denoted

V (s), is determined in the competitive market and taken as given by the firm. The firm
faces per-unit price ck for each unit of amenity ak, and pays a wage w.

The firm problem is to minimize expenditure subject to the worker reaching at least
its target utility V (s):

C
(
V (s),c1, . . . ,cn,1/(1− t)

)
= min

w,a1,...,an

[
w +

n

∑
k=1

ck ak

]
,

subject to V
(
z,a1, . . . ,an

)
≥ V (s),

(1)

where C
(
V (s),c1, . . . ,cn,1/(1− t)

)
is the expenditure function that represents the min-

imal expenditure necessary for the firm to meet the worker’s utility, given amenity and
wage costs.

This expenditure minimization problem, or the equivalent primal problem of max-
imizing utility subject to a total cost level, is a fair representation of how many em-
ployers actually set benefits. For example, Deloitte advises clients to “identify the
. . . combination of [wage-amenity] offerings and levels that employees will most prefer
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at. . . any given cost” (DeBellis 2018). Formally, it is exactly the consumer problem,
where the firm is the consumer and ck are the prices. In this problem, the after-tax wage
is an amenity quantity, like any other, and its price to the firm is 1

1−t . While the firm
is the consumer in this problem, the only relevant preferences are the worker’s. In this
model, if my employer did not provide me with the extra ergonomic chair and instead
opted for a less comfortable one that costs $200 less, it is because I, the representative
worker, am not willing to pay the extra $200 for it at the margin. The price a worker
pays for the ergonomic chair is in the form of some combination of a lower wage and
reductions in other amenities. (This example makes clear that we will eventually need
to allow for heterogeneity of preferences within the firm.)

Before proceeding it is worth asking, what are these amenities in the firm’s objec-
tive function? Here, they are anything the worker values in the context of work, that the
firm can provide at some cost. This can be fringe benefits, ergonomics, or respectful
managers. Average work hours, which has traditionally been analyzed with models of
labor supply, can be best thought of as a firm amenity, as emphasized by Lachowska
et al. (2023b).2 Environmental, social, and governance (ESG) practices are not di-
rectly oriented to workers, but are valued by some and can therefore help in recruitment
(Colonnelli et al. 2023). The amenities in the firm’s problem include those that have
consumption value and those that affect the disutility of work alone. Wages, fringe ben-
efits, or whether the work is fun or inherently meaningful all have consumption value.
The provision of personal protective equipment only serves to reduce the disutility of
work and does not have consumption value outside of the workplace. In optimization
problem (1), we can think of the job value V (·) as representing overall utility relative to
not working, so all amenities belong in the utility function.

The assumption of diminishing marginal utility in amenity consumption and con-
stant costs of amenity provision allows us to obtain an interior solution to problem (1).3

From the first-order conditions we obtain:

ck

1/(1− t)
=

∂V/∂ak

∂V/∂ z
= MRSak,z.

This expression says that the firm produces the amenity until the marginal rate of sub-

2For the purposes of the amenity determination problem, I only consider amenities that are costly to
provide at the margin, because a free amenity that workers value should be at a corner solution.

3Giving firms convex costs of amenity provision and specifying utility either as concave in amenities
or linear in the amenities’ cash value to the worker would also allow for interior solutions. If amenities
and costs both enter linearly, variation in costs leads to corner solutions: the amenity is fully provided if
WTP > c, and not provided if WTP < c. With corner solutions we can model amenities as discrete (fully
turned on or off). The fact that many amenities are not at a corner solution suggests that concavity in
utility and/or convexity in costs is relevant in these cases.
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Figure 1: Benchmark Amenity Determination (n = 1)
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stitution (MRS) of the amenity with respect to the net-of-tax wage—the MWTP for the
amenity—is equal to the ratio of the price of ak (the ck term) and the price to the firm of
after-tax dollars (1/(1− t)). The optimality condition for the single amenity problem is
shown in Figure 1 for a firm targeting utility V (s1).4 The optimal bundle is achieved at
tangency point (point a) of the indifference curve for V (s1) and the firm’s isocost curve.
The intercept is the expenditure function corresponding to V (s1), the amenity price to
the firm c, and the tax rate t. From the expenditure function it is easy to appreciate that
the worker derives surplus from the amenity. Because it is lower than the indifference
curve on the chosen bundle, a worker’s utility will be strictly lower if the firm pays them
their compensation expenditure in cash. That is, a worker is willing to pay more for the
full amount of the equilibrium amenity than the wage cut they pay to obtain it.

2.2 Demand System Approach to Amenity Valuation

The first-order condition makes evident that knowledge of the equilibrium MWTP (the
MRS) for an amenity, even if it is derived from an experiment, is not necessarily in-
formative about worker preferences globally because it is pinned down by the firm’s
marginal cost. If this marginal cost is low, we will read a low MWTP, and if it is high,
the opposite. Assuming that the competitive assumptions hold, it is just the MWTP at

4While I will show the single amenity case graphically, I maintain the multi-amenity model for the
main analyses because in certain situations a single amenity is with loss of generality.
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a particular point. In fact, under strict perfect competition assumptions, if we know the
marginal cost, we do not even need to run the experiment. The marginal cost is the
MWTP.

Consider an experiment that lowers the price of an amenity to the firm. This could
be a safety inspection with fines that are levied if the workplace violations are not ad-
dressed, thus lowering the price of safety. From this, we obtain three estimates: the
fine ∆ck, the change in the negative of injuries (i.e., safety) ∆ak, and the change in the
wage ∆w. The traditional compensating differentials approach uses the ratio ∆w

∆ak
as the

MWTP, which under a host of assumptions, that I will discuss, is valid. Alternatively,
we can consider ∆ak and ∆ck as movement along the amenity demand function. Note
that ∆ck

∆ak
is an estimate of the marginal cost of ak to the firm, and since the firm ad-

justs its safety investment until the marginal cost of providing additional safety equals
its marginal benefit, ∆ck

∆ak
is the firm’s MWTP for safety. Since in the cost minimiza-

tion problem the constraint is worker utility, this MWTP corresponds to worker prefer-
ences.5 If the experiment shows that the marginal cost does not equal a known MWTP,
then we conclude that there is a market failure.

2.2.1 Cobb-Douglas Calibration

More useful than a single MWTP value is a MWTP over a range of amenity values,
in other words the inverse demand curve for amenities. This is, in part, the appeal of
revealed preference approaches that can directly estimate the MWTP distribution, such
as in Mas and Pallais (2017).

If data permit, it is potentially appealing to directly estimate demand for ak as a
function of ck. We can compute amenity valuations and amenity demand using only
aggregate data by employing a Cobb-Douglas form for worker utility. The trade-off is,
of course, a strong parametric assumption. Under this parameterization, the expenditure
share for each amenity is constant and solely determined by workers’ preferences. The
MRS between amenity k and the wage can then be expressed in terms of the ratio of
their expenditure shares according to:

MRSak,w =
sk

sw

w∗

a∗k
. (2)

In this expression w∗ and a∗k are optimal wage and amenity quantities, and sk and sw are
expenditure shares for amenity k and the wage w relative to total compensation. These
expenditure shares are the preference weights in the Cobb-Douglas, and amenities that
are more highly valued at the margin have larger expenditure shares.

5This conclusion only holds if the amenity does not directly enter into the firm’s production function.

9



Equation (2) is the inverse demand function for an amenity for a fixed wage. As
an application, consider the actuarial value (AV) of employer-sponsored health insur-
ance, which is defined as the average percentage of total healthcare expenses that a plan
covers. We can compute the MWTP for the AV by substituting observed empirical mo-
ments into expression (2). I use the employer expenditure share of health benefits from
the 2022 Bureau of Labor Statistics (BLS) Employer Costs for Employee Compensa-
tion Survey for private industry for sk (=0.07), the expenditure share of wages from
this BLS survey for sw (=0.70), and 2022 Census median earnings (Guzman and Kollar
2023) for w∗ (=$48,000). Substituting these values, expression (2) yields an inverse
demand function for AV at a fixed wage level:

MWTPak,w =
0.07
0.7

$48,000
AV

=
$4800

AV
. (3)

Though highly stylized, this formulation allows for some basic policy analysis. We
can, for example, compute the implied actuarial value given a known marginal cost. In
the 2022 Medical Expenditure Panel Survey, the average annual medical expenditure
for non-institutionalized civilians was $6,765 (AHRQ 2025). A one percentage point
increase in the AV of insurance corresponds to an additional $68 expenditure to the firm,
assuming no behavioral changes. Equating marginal cost to MWTP yields an implied
actuarial value of 70.5%, roughly the level of the silver plan AV in the Affordable
Care Act (Levitt and Claxton 2011). If there are behavioral changes, like moral hazard
responses, an increase in AV will have a marginal cost that exceeds $68 and the resulting
optimal AV will be smaller.

2.2.2 Almost Ideal Demand Systems

The constant expenditure assumption of the Cobb-Douglas can be relaxed by using a
more flexible utility function, like a translog, or employing the Almost-Ideal Demand
System (AIDS) of Deaton and Muellbauer (1980). Employing the latter leads to a
system of demand equations relating firm expenditure shares on amenities to the cost of
the amenities. For amenities (k = 1, . . . ,n) we have:

sk = αk +
w

(1− t)
+

n

∑
l=1

γkl lncl + βk ln
(

C
P

)
,

where C is total expenditures and P is the price aggregator which is a function of
amenity costs and the tax rate. Adding error terms, this system can be estimated. To
identify the utility parameters, we require data on costs or quantities that vary by firm,
exogenous cost-shifters, and an instrument for total compensation expenditure. Fringe
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benefits are a case where we can plausibly define the relevant prices of provision so as
to directly calculate demand functions, and some work has been done in this area, for
example Woodbury (1983), Woodbury and Huang (1991), Woodbury and Hamermesh
(1992) and Gruber and Lettau (2004).

Woodbury and Huang (1991) estimate an AIDS model like this one at the estab-
lishment level by assuming that the cost of all benefits other than health is constant,
approximating the cost of health benefits using a hedonic model of the price of health
insurance, and instrumenting total expenditures C

P with after-tax expenditures, using the
wedge that comes from the tax deductibility of health benefits. Woodbury and Hamer-
mesh (1992) use an AIDS model to estimate fringe benefit expenditures for university
faculty and conclude that the Tax Reform Act of 1986, which lowered marginal tax
rates, significantly reduced the demand for fringe benefits.

The difficulty with applying this approach more broadly is the high data and iden-
tification requirements that are usually infeasible for most applications. One of the
promises of the compensating differentials approach that I will discuss (which, ulti-
mately, requires considerable and strong assumptions) is that we can use the observed
quantities of one amenity (wages) at a known or normalized price (=1, ignoring taxes)
to learn about the unobserved prices of the other amenities, and in turn the MWTP.

2.3 Compensating Differentials

Compensating differentials arise when jobs vary in their non-wage attributes and firms
adjust wages to attract and retain workers given these differences. One reason to study
compensating differentials is to explain differences in wages across firms, industries,
occupations, and regions. This is an inherently interesting question and has long been a
central motivation for modeling how wages vary with job amenities in equilibrium, be-
ginning with Adam Smith’s original observation that “the wages of labour vary with the
ease or hardship, the cleanliness or dirtiness, the honourableness or dishonourableness
of the employment” (Smith 1776). For this “reduced form” purpose, there is no need to
map the relationship in wages and amenities to particular model primitives.

Another reason for estimating compensating differentials is to learn about worker
or firm preferences. Due in part to the historical (and I believe misplaced) reluctance to
using stated preference surveys, and also the limited data availability on amenity prices,
there have been many attempts to estimate compensating differentials models as a way
to use the market signal to infer the value of amenities. This approach has featured
particularly prominently in the estimation and interpretation of the VSL. My discussion
in this section is primarily on this more structural motivation.
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The idea of the compensating differentials approach to estimating MWTP is that if
employers target a market reservation value, any change in the cost of an amenity will
translate into an offsetting wage—an equalizing difference—to keep utility constant.
This change in the wage is the worker’s MWTP for the amenity change. Within the
language of the model, we are inferring the MWTP for amenity k from the change in
quantity of amenity i, where the price of the amenity i is known. In this case, amenity i

is the wage.
Along the indifference surface, and holding all other a−k fixed, V (w,a1, ...,an) =

V̄ (s) , we have dV = 0 =⇒ Vwdw+Vakdak = 0 which gives

dw
dak

∣∣∣∣
V=V̄ (s)

= −
Vak

Vw
= −MRSak,w =−ck.

This expression says that changes in the amenity (or amenity cost) will be capitalized
in the wage. This capitalization, under the maintained assumptions, is the worker’s
MWTP for the amenity, which is equal to the known marginal cost of provision, at the
optimum.6

To illustrate this approach we go back to the case of the health benefit where D(a)

is the MWTP at a dollars of benefits and (1− t) is the effective marginal cost of their
provision. Suppose there are no other amenities so the firm can only choose between the
mix of wages and health benefits. If we have a policy experiment that slightly changes
the tax rate for workers at a single firm, the implied instrumental variables (IV) estimate

on the wage, under perfect competition, will be dw
dt

/
da
dt

∣∣∣∣
V=V̄

= −(1−t). This scenario

would, in principle, serve as a test of competitive markets. Since we know ex ante the
marginal cost is the net-of-tax rate, the test is whether a change in the tax results in a
reduction in the wage equal to the net-of-tax rate (assuming a zero marginal cost to the
firm of provision). Crucially, for the compensating differential to equal the MWTP in
this example, it must be that it holds the reservation job value constant. This means that
a policy shock affecting the broader market would not necessarily identify the MWTP
because it would change the reservation job value. Any change in the wage in that case
would be some combination of a shift in supply and demand.

Multi-Margin Optimization In discussing how the wage changes in response to ei-
ther a change in the value of an amenity or its cost, I have been careful to say that it is
assuming all other amenities are held constant. However, that assumption is internally

6If the amenity is discrete, or we are at a corner solution, the interpretation of differences in wages is
the worker’s constant valuation to go from no provision to full provision. Any variation in this measure
across time, space or markets will reflect differences in worker valuation over the amenity.
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inconsistent with the expenditure minimization problem, which basically guarantees
that other amenities are not constant. This application of Le Chatelier’s principle in
the context of amenity determination is a fundamental problem for the interpretation of
the compensating differential as a measure of the MWTP, and it is not solved even if
we have experimental variation on amenity production costs. The problem stems from
the fact that amenities are bound by the requirement of maintaining the competitive
utility target, and a change to one amenity puts all the amenities up for grabs through
re-optimization. In words: suppose we change the safety practices at a plant and reduce
injuries. In turn, management expenditure minimizes and finds it optimal to change
the shift schedules, which reduces costs but which workers dislike. The net result is
no change in job utility and no change in the wage, despite an improvement in safety
which workers value. The experimentally estimated compensating differential will be
0.

More generally, suppose we have an experiment that varies the cost ck of amenity
ak. Then the IV estimate of the effect of ak on w∗ is βIV =

(
∂w∗/∂ck

)
/
(
∂a∗k/∂ck

)
. To

derive this quantity, we totally differentiate the firm’s expenditure C(·) at the optimal
wage and amenity values

∂C
∂ck

=
∂w∗

∂ck
+ a∗k +

n

∑
j=1

c j
∂a∗j
∂ck

.

From Shephard’s Lemma, ∂C
∂ck

= a∗k , implying

∂w∗

∂ck
= −

n

∑
j=1

c j
∂a∗j
∂ck

.

βIV = −
∑

n
j=1 c j

(
∂a∗j/∂ck

)
∂a∗k/∂ck

̸= −ck. (4)

Therefore, the compensating differential does not equal the MWTP. The change in
the wage is just whatever change is required to equalize utility after all of the other
amenities have adjusted. In this experiment, we would have to be able to measure the
entire cost structure in order to back out the MWTP. One rejoinder might be that the
confounding cross-terms are second-order. While true, the compensating differential
itself is second-order (in the sense that it is a cross-derivative of the Hessian of the
expenditure function). This issue is less serious for the case of demand estimation of
the compensated demand (how does the quantity of amenity ak vary with ck) because
the quantity of amenity k is a first-order response to its own price.

There are two special cases where the compensating differential with respect to
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an amenity reflects the MWTP. The first is if there is only one amenity. In that case,
equation (4) reduces to −c, which is the MWTP. The second case is if all of the cross-
effects are zero. Assuming other amenities do not vary may be a reasonable assumption
in some situations, like for exogenous place amenities. However, it is hard to tell a
story about why a firm would necessarily adjust wages and not, say, work schedules in
response to a new safety requirement.

Empirically there are indicators that this is an important concern. Clemens (2021)
makes this point with respect to multiple margin adjustments for minimum wage in-
creases.7 Lee and Taylor (2019) find that as much as 40 percent of the compensating
differential from safer workplaces following a safety inspection is through a reduction
in fringe benefits rather than the wage. Mas and Pallais (2020) document how attractive
work attributes, like flexible scheduling, are often combined with negative attributes,
like high-stress responsibilities. These combinations may be optimal in job design, in
which case a change in one job attribute would change other complementary attributes.

Given the difficulty in interpreting compensating differentials as a MWTP, we can
think of the wage response to a cost shock as a pass-through, which is interesting in its
own right, even if it does not have any particular link to worker preferences.

2.4 Public Good Amenities

Because we have considered the optimal amenity mix for a representative worker, we
have not had to think further about whether the amenities are private goods, like cash
benefits, or public goods that are non-rivalrous in consumption, like improvements in
safety practices, better scheduling management, attractiveness of the physical plant, or
working conditions more generally. Because the public good amenity does not scale
with employment, the distinction is relevant once we introduce the employment mar-
gin. Consider the following model: a firm maximizes profits π = pF(L)−wL− ca

subject to the labor market equilibrium V (a,w) =V , where p is the revenue per worker,
L is the number of workers employed, and F(·) is the production function. In equilib-
rium, F ′(L) = w(a∗;V ) where w(a∗;V ) is implicitly defined by V (a∗,w) = V . For a
private good, the amenity optimality condition (ignoring taxes) is MRSa,w = c for ev-
ery worker. However, by the Samuelson condition, with the public goods amenity, we
require MRSa,w × L∗(a,w) = c, where L∗(a,w) is the equilibrium number of workers
hired as a function of the amenity level and the wage. From this expression, we can see
that the isoprofit curve with respect to the wage w and amenity a (which incorporates

7The test of whether the minimum wage affects non-wage amenities is itself a test of the competitive
equalizing differences model.
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employment) is non-linear and exhibits convexity. Its slope is c
L∗ , which is a function of

a by way of L∗. For low values of a, labor demand is low because w(a∗;V ) is high (to
maintain market utility V ) so every worker hired incurs a high wage cost. Since L∗ is
low, every incremental unit of a has to be offset by large reductions in wages to main-
tain constant profits, resulting in a steep negative portion of the isoprofit. For higher
values of a, L∗ will be larger, and when there are more workers, the firm only needs to
cut the wage by small amounts to cover the incremental cost of the amenity to maintain
constant profits, since the wage cuts are summed across all workers.8

Because the isoprofit curve has convexity, corner solutions are more likely than in
the private amenities case. Figure 2 shows one scenario. In Panel A, the solid curve is
the isoprofit curve that maximizes profits subject to achieving factor market utility level
V =V . As drawn, the worker’s MWTP for a exceeds the firm’s effective marginal cost
for the amenity of c/L∗ over the entire range, and the firm sets a to its maximum value
a. The flattening of the isoprofit makes the corner case more likely. Panel B shows a
case where there is an interior solution. Because of the flattening isoprofit, an interior
solution requires rapidly diminishing marginal utility from the amenity at a fixed utility
level. In the extreme case, Leontief preferences guarantee an interior solution.

One take-away from this model is that large firms should have better working condi-
tions. Fixed-costs on the provision of private amenities will have the same implication.
The evidence on whether larger firms have better amenities and working conditions de-
pends on the dimension of the amenity but, on balance, there is a positive relationship.
The evidence is strong that larger firms have fewer workplace injuries. Larger firms
tend to have a wider range of, and more generous benefits. They are also more likely
to have full-time positions, something that is highly valued by workers (Dube, Naidu,
and Reich 2022; Lachowska et al. 2023b). The size/amenity relationship accords with
the findings in the structural model of Lamadon, Mogstad, and Setzler (2022), though
we do not require imperfect competition to generate that feature. A fact that challenges
the competitive explanation for the amenity-size relationship is the firm-size wage pre-
mium. Contrary to the prediction that firms with better amenities scale because they
have a lower marginal cost, a sizable literature has found that larger firms pay more.
This fact is not sufficient to reject the competitive model, as there are many alternative
reasons for this relationship, like larger firms paying efficiency wages or targeting bet-
ter workers, but the story is more complicated than this model in isolation. As we will
see, much of the weight of the literature points to differences in firm productivity as the

8While this problem has a similar flavor as increasing returns to scale, or production with fixed costs,
it is neither. No assumptions are made on the production function, and unlike fixed costs, which are
usually treated as exogenous, a is endogenously chosen by the firm to affect worker utility and thus
wages.
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relevant omitted factor here.

3 Benchmark Comparative Statics and Other Sources
of Amenity Variation

Strictly speaking, in the representative agent model there is no variation in amenity
provision. However, comparative statics are informative about who receives amenities,
and why they vary in practice. These comparative statics are based on the compen-
sated demand for amenities, obtained from the expenditure minimization problem via
Shephard’s Lemma:

a∗k
(
V (s),c1, . . . ,cn; t

)
=

∂C
(
V (s),c1, . . . ,cn; t

)
∂ck

.

In this section, I review how optimal amenities vary with amenity cost, preferences,
and target market utility. I conclude with a discussion of other determinants in amenity
variation that are outside of the representative agent model. In the next section, I discuss
the Rosen model, which gives a more complete account of amenity determination in an
equilibrium model that allows for multiple dimensions of heterogeneity.

3.1 Variation in Cost of Amenity Provision

In the benchmark model, if we take as given that workers are homogeneous, and there
is a reservation utility that has to be met, the source of variation in amenity provision
is due to cost differences by firm. Compensated demand for amenity ak is decreasing
in ck because the Hessian of C(·) is negative semi-definite. If we zoom out enough,
this is an obvious source of actual variation in some dimensions of working conditions.
The cost of a safe workplace is simply higher in construction than, say, the actuarial
sciences. There is considerable evidence that costs affect the provision of amenities.
For example, Oyer (2008) shows that firms are more likely to offer benefits that are
related to their industry, presumably because they can do so at lower cost. By the same
logic, larger firms are more likely to provide benefits. Figure 1 shows the optimal bundle
(point b) when the cost of the amenity declines to c′ from c. The new isocost curve is
the dashed line.

Tax treatment of benefits also plays an important role in amenity provision. Con-
sider health benefits that a worker values according to a demand (MWTP) schedule
D(a), where a is the benefit (D′ < 0). The schedule is downward sloping because these
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Figure 2: Public Good Amenity Determination (n = 1)
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benefits are not valued 1-1 with dollars, as they are restricted to certain uses. It costs
the firm $1 to provide $1 of benefits. Absent regulatory or other market factors, work-
ers are willing to trade benefits for cash up to D(a) = 1− t. The prediction from this
model is that the last dollar of benefits are valued by workers at the net-of-tax rate. This
beneficial tax treatment motivation for non-wage amenity provision extends beyond tra-
ditional benefits. The value to a worker of any type of improved work conditions (e.g.,
investment in morale) is untaxed. By the first-order condition, a one dollar investment
in working condition dimension k is net-beneficial for the firm so long as the worker
valuation of that investment exceeds (1− t)ck dollars. The marginal value of a work-
place investment is therefore determined by the tax rate. If tax rates increase, firms will
spend more on all untaxed benefits as well as measures to improve working conditions.
Arold et al. (2024) test and find support for this prediction in union contracts. In the
context of Canada, they find that higher taxes are associated with more worker-rights
clauses and lower pre-tax wages.

3.2 Variation in Preferences Over Amenities

Substantial preference heterogeneity over amenities, documented by Mas and Pallais
(2017), among others, is another reason why amenity provision will vary. The bench-
mark model implies that if a worker places high value on the amenity, all else equal
the firm will produce more of it. In Figure 1, this would correspond to a shift of the
indifference curve along the firm’s isocost line. One experiment to test this prediction
causally would ask, if there is an exogenous change in the firm’s workforce, does the
mix of amenities it offers change? While I am not aware of an experiment like this
one, Corradini, Lagos, and Sharma (2022) consider the opposite scenario where they
find that firms that were effectively mandated to offer more “female-centric amenities”
through collective bargaining agreements in Brazil had increases in the share of women
in their workforce, due to both more female hires and fewer female separations.

3.3 Variation in Market Utility

A third reason amenities vary in this model is due to variation in reservation job value
V (s). For homogeneous preferences, there is a utility level for each skill that clears
the labor market. These are given by V (s), which we assume is increasing in s. Firms
hiring at higher skill levels will target higher utility levels according to this schedule.
Figure 1 shows two bundles for V (s1) < V (s2) with optimum bundles at points a and
c. As the figure shows, if ak are normal goods, as reservation value rises there is an
overall increase in expenditure in both wages and non-wage amenities. This prediction
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is certainly borne out in the data as higher-earning workers also tend to have access to
more benefits. This observation is relevant but often ignored when estimating Mincer
models. Maestas et al. (2023) show that in their data there is a 0.52 log point difference
in wages for workers with and without a college degree. Using their measure from a
stated preference study on the value of a collection of working conditions (like schedul-
ing flexibility and working from home), they estimate a 0.69 log point difference in total
compensation.9 They do not consider fringe or other monetary benefits, so this diver-
gence will be larger if we were to include them given existing evidence on differences
in benefits by education (e.g., Pierce 2001).10

The observation that the share of total compensation in the form of benefits or other
amenities is increasing with income is not implied by the representative agent model
unless we make further assumptions on worker preferences or firm costs. For exam-
ple, homothetic V (·) (like Cobb-Douglas) implies that the fraction of total expenditure
on each amenity is constant as overall compensation goes up. An income elasticity of
amenities that exceeds 1 can arise either from non-homothetic utility or if amenity costs
decline in income. A salient example of the latter is the progressive income tax, which
progressively increases the price to the firm of providing after-tax wages to workers, and
progressively lowers the relative price of providing non-cash amenities—which are of-
ten untaxed—to workers at higher tax brackets. Lamadon, Mogstad, and Setzler (2022)
structurally estimate how a progressive income tax inefficiently increases employment
in high amenity firms (see Woodbury 1983 for earlier evidence.)

Variation in V (s) can also be used to model the effects of rising incomes. Hamer-
mesh (1999) shows that night work fell sharply from the early 1970s to the early 1990s.
He argues that this is the result of night work being a disamenity and an inferior good
coupled with rising incomes. In the model this would be represented by rising amenity
levels due to rising V (s).

While I have described the problem of a varying utility in terms of market-determined
targets for skill or income, the conclusions follow for any variation in this target regard-
less of the reason. With market imperfections, the target job value will incorporate
turnover considerations or efficiency wages, and will vary across firms as in Sorkin
(2018). This variation will generally translate in wages and amenities positively co-
moving which, in practice, confounds the negative relationship between wages and
amenities (via varying amenity costs). There is a lot of evidence that I will review,
that variation in V (s), both due to skill and due to imperfect competition, is a dominant

9This estimate is a combination of workers with college degrees having more amenities and also
placing a higher value on them.

10On the other hand, Mas and Pallais (2020) make a cautionary point that certain amenities are sys-
tematically bundled with disamenities, like stress on the job and workload.
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joint driver of wages and amenities.

3.4 Other Mechanisms

There are numerous mechanisms outside of the representative agent model that influ-
ence non-wage amenity provision. I will review a number of them here.

3.4.1 Productivity

On the spectrum of non-wage amenities are those whose purpose is just consumption
value, like a cash benefit, and those that are primarily productivity-enhancing, but which
may incidentally affect worker utility. In fact, just about every feature of the workplace
can be thought of entering directly into a worker’s utility function in some form. In-
vestments in productivity, therefore, should be considered a driver of non-wage ameni-
ties. This can range from offering laundry services to employees, to encourage them to
stay in the office, to investing in more efficient and quieter machinery. Oyer (2008)
shows that long-hours are a strong predictor of whether an employer offers “effort
packages”—benefits that are designed to lower the cost of higher effort at work, like
meals and entertainment options at the workplace. Variables traditionally associated
with higher benefits, notably wages, do not explain these effort packages. This finding
indicates that effort packages are primarily used to motivate workers rather than for
their consumption value.11

An implication of the close connection between productivity and amenities is that
capitalization of amenities into wages can potentially rationalize productivity differen-
tials between firms, as surveyed in Syverson (2011). If a workplace amenity reduces
productivity, firms can pay lower wages and remain competitive. For example, a re-
tail store with many partially occupied employees can coexist next door to a store with
fewer but highly occupied employees, while selling the same products at the same price
if the inefficient staffing arrangement is itself a work amenity, via a more relaxed pace,
thus allowing the store to pay lower wages. This story can extend beyond two firms to
entire economies.

Owing to the importance of the question, there are hundreds of studies across dis-
ciplines (with varying degrees of rigor) on variants of the relationship between work
conditions, amenities, or work environment on productivity. Themes that will be dis-
cussed in this Chapter include the literature on working from home (WFH) (e.g., Bloom

11Highlighting the fuzzy boundaries between productivity and cost initiatives and workplace ameni-
ties, Freeman and Kleiner (2000) discuss “Employee Involvement” programs. They note that these pro-
grams were touted as raising productivity and profits, but in their empirical analysis, they find negligible
productivity effects but improvements in worker well-being.
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et al. 2015; Emanuel, Harrington, and Pallais 2023) and workplace safety (e.g., Gray
1987). The representative agent model is silent on whether an amenity enters into the
production function, but with perfectly competitive markets that requires the firm to
stay on a target utility level it will not matter for how we analyze, for example, compen-
sating differentials. All productivity benefits or costs will be reflected in output rather
than the wage. If there are productivity-boosting amenities that workers enjoy without
diminishing utility, the firm will just purchase as much of them as it can until they are
at a corner solution.

3.4.2 Dynamic Considerations

Goldin and Katz (2011) and Goldin, Pekkala Kerr, and Olivetti (2020) highlight dy-
namic factors that infuence the provison of workplace flexibility policies, particularly
for women. Women with higher educational attainment who plan to have kids will value
these benefits more than those with lower educational attainment because they have a
higher monetary return to work, and these policies make it easier for them to continue
their careers. At the same time, theoretically, firms with a higher education workforce
are more likely to offer these policies because the cost of offering, say, paid leave is
easier to recoup since women with more education are more likely to return to work.

The dynamic problem of the workplace flexibility case is more general. Amenities
are often investments. They require possibly large fixed costs and are recouped over
time through whatever are the relevant benefits, such as lower wages, less turnover,
fewer vacancies, or higher productivity. While I consider the static case, it is easy to
see how dynamic considerations lead to additional predictions on the determinants of
amenity provision if we think of amenities in this way. Interest rates, credit availabil-
ity, policy stability, and growth will all be relevant factors in determining changes to
working conditions.

3.4.3 Unions

The theory of fringe benefit determination in unionized workplaces is discussed in Free-
man (1981). The link between unionization and the provision of fringe benefits is clear-
est for craft unions. Because their members, like carpenters and plumbers, are attached
to occupations rather than firms, unions provide the institutional capacity to operate
fringe benefit programs.12 Trade unions may increase fringe benefits because they nego-
tiate higher total compensation, and benefits are income elastic, or because the union’s

12From this perspective, programs like the ACA potentially weakened these unions’ advantage in
benefit provision.
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preference is determined by its median voter, who may have a higher preference for
benefits than the marginal worker who determines benefit provision in non-union firms.
Freeman empirically finds that unions have sizable impacts on the provision of fringe
benefits. In the context of Brazil, Lagos (2024) finds that an increase in union bar-
gaining power, via a judicial order, led to significant impacts on amenities in collective
bargaining agreements. Approximately half of the overall gain in the total value of the
collective bargaining agreements was through higher amenities.

3.4.4 Inside the Firm Heterogeneity and Spillovers

While workers imperfectly sort across firms in terms of skill and preferences over
amenities, benefits are often provided uniformly in firms. A more realistic way to
model benefits is to allow for different preferences over amenities, or different amenity
demands, in the same firm. Inside the firm, heterogeneity is relevant for analyzing the
provision of benefits, the distribution of surplus, and the consequences of shocks.

There is no role for within-firm heterogeneity in the representative agent model.
If the amenities are public goods, and sorting is imperfect, the firm has to determine
an amenity mix accounting for a distribution of preferences. As previously discussed,
in the union case, benefit determination could be determined through a voting process
such that benefit provision reflects the median union member. In the non-union case,
the employer can maximize utility subject to an overall expenditure, over the entire
workforce or some segment of the workforce. Since benefits tend to be income elastic,
a reasonable hypothesis is that they are oriented towards top-earners.

In principle, the firm can personalize private good amenities on some observable
dimension like income. However, there are constraints. Within-firm provision of ben-
efits is best understood in light of legislation that seeks to make health and retirement
benefits broadly accessible in workforces and prevent their concentration among top
earners. In the context of retirement benefits, the Employee Retirement Income Secu-
rity Act (ERISA) enforces nondiscrimination rules to ensure employer-sponsored plans,
like 401(k)s and pensions, provide equitable benefits across income levels. These rules
prevent plans from disproportionately favoring highly compensated employees (HCEs)
over non-highly compensated employees (NHCEs) through annual testing, such as the
Actual Deferral Percentage and Actual Contribution Percentage tests. To comply, em-
ployers may need to reduce contributions for HCEs if NHCE participation or contri-
butions are too low or provide additional contributions to NHCEs (called “qualified
non-elective contributions”). The implication is that these rules compress benefits. The
presence of HCEs and NHCEs together can make benefits more generous for low earn-
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ers and less generous for high earners, relative to the case in which a firm employs only
high or low earners.

Health insurance benefits are another example of a one-size-fits-all approach at most
employers, due both to (likely) fairness considerations and nondiscrimination terms in
IRS code for the tax deductibility of benefits that prevent employers from favoring
highly compensated employees.13 Like retirement benefits, a reasonable hypothesis is
that health benefits are optimized to recruit high-income workers, but are then made
available to lower-income workers as well. The cost of these benefits, then, are a floor
for the marginal cost of hiring low-income workers. In theory, wages could be re-
duced to equalize total compensation to the value without benefits, but this requires that
low-income workers have the same valuation for the benefits. Given tax progressivity
considerations and diminishing marginal utility of income, this may not be the case.
If these benefits are not valued at cost, the employer faces a wedge that is equivalent
to a head-tax: they have to pay some premium over every dollar of compensation to a
low-income employee.14 There is a perspective that this aspect of employer-sponsored
health insurance has been devastating for the lower part of the income distribution (see,
e.g., Case and Deaton 2020). Finkelstein et al. (2023) conduct an incidence analysis and
conclude that the college wage premium would be substantially reduced if the current
employer provision of benefits were replaced with a payroll tax.

Spillovers of benefit provision within firms are empirically relevant. Freeman (1981)
reports sizable spillovers from union to non-union workers in firms. Ouimet and Tate
(2023) is one of the few studies that has benefit information linked to matched employer-
employee data. Using detailed job-level data from the BLS’ National Compensation
Survey matched to the LEHD, they document that nondiscrimination rules result in sig-
nificant compression of retirement and health benefits within firms. They find that the
presence of highly compensated employees drives up benefit levels across the firm, re-
flecting the regulatory and administrative tendency to equalize benefits across workers.
For multi-establishment firms, they use an IV of the average health benefit of establish-
ments in the same MSA and industry as a firm’s headquarters for the average benefit in
non-headquarter establishments. Using this instrument, they estimate the causal effect

13Specifically, Internal Revenue Code Section 125 covers cafeteria plans, and Section 105(h) covers
self-funded plans.

14While employers cannot offer less generous benefits to lower earners, they sometimes do offer lower
premiums in lower pay bands. This is usually done to remain in compliance with the ACA, which
states that for large employer’s coverage to be deemed affordable it cannot exceed 9.5% of a household’s
income. When structuring the premium schedule this way, high earners are subsidizing low earners.
From the employer’s perspective, this further increases the wedge between compensation and marginal
cost because each low-earner hired has some impact on premium reductions to stay in compliance with
the ACA.
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of health benefits on separations. They find that health benefits positively influence en-
try of high-income workers, and positively impact exits of low-income workers. The
interpretation is that benefits are optimized to recruit at the upper end of the workforce
distribution and reduce job surplus at the lower end. In this way, uniformity creates
inefficiencies for firms employing lower-wage workers who may not fully value these
benefits. Firms may respond by reducing their reliance on low-skill labor, turning to au-
tomation or outsourcing. Because of the wedge between between benefit valuation and
cost, joint surplus will be low for lower-income workers, making them more susceptible
to separations following shocks.

4 Two-Sided Heterogeneity and Sorting: The Rosen Model

While the representative agent model goes a long way in delivering the predictions that
have been the focus of much empirical work on amenities, and can handle comparative
statics when there is variation in either costs or preferences, it cannot speak to the case
of heterogeneity in both preferences and costs. The methodological hallmark of the
Rosen model is characterizing equilibrium when there is two-sided heterogeneity in the
market and sorting.

The formal origins of modern models trace to Lewis (1969), Rosen (1986) and
Rosen (1974). Lewis (1969) developed a model of wage determination when workers
and firms have preferences over work hours, which he treated as an amenity. Rosen
formalized and expanded this model into what is now the canonical model of hedonics.

In the most general form of the model there is labor, a numeraire, and a contin-
uum of firms that can be decomposed into their attributes a = {a1, . . . ,an}. Each of
these attributes (synonymous with amenities) is valued by workers and are costly for
firms to produce. The production technology of a firm allows it freely choose to offer
either nothing or a single job. But it needs to use as input a unit of labor plus a cost
that depends on the amenities chosen. Workers are endowed with one unit of labor
and have preferences over the jobs and different amounts of the numeraire. In equi-
librium, the hedonic wage function has the form w∗(a1, . . . ,an). By definition, when
the firms profit-maximize and the workers utility-maximize given w∗(a1, . . . ,an), the
markets clear. That is, there may be inactive firms, workers that got out of the market,
and matched pairs that will satisfy the self-selection property: they would not want to
switch to the deal offered by another firm or worker. This is a Walrasian equilibrium,
and hence Pareto optimal. In equilibrium there is perfect sorting. All workers choosing
a specific bundle are identical. One of the main messages of Rosen (1974) is that the
equilibrium hedonic wage function w∗(a1, . . . ,an) does not have an easy interpretation
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in terms of the primitives of workers or firms.
In what follows, I will outline the Rosen model so that it is easier to understand the

logic of the equilibrium. I start with a simplified version that expands the representative
agent model I presented to have multiple worker and firm types. I then outline the
discrete version of the model presented in Rosen (1986) as it is frequently used in
applications. Because of the complexity of the model, I will work through cases of
a single amenity. Because of the multi-margin problem discussed above, this single
amenity is best thought of as a composite index.

4.1 A Worked Out Case with a Continuous Amenity

To move from the representative agent to the Rosen model we have to add heterogeneity
in both workers and costs. In doing so, we have to maintain an equilibrium whereby the
firms of all types are profit-maximizing, and no worker wants to change to a different
(a,w) bundle that is offered in the market. As in the representative model, I will con-
sider a continuous amenity a, but introduce a large number of discrete firm and worker
types.

Worker utility is defined as V (a,w;αi), for i ∈ {1, .., I}. The utility function deter-
mines the strength of preference for the amenity. The i subscript determines a worker
preference type, and higher numbered subscripts have a stronger preference for the
amenity. Firms cannot observe worker type, can offer only one (a,w) bundle and, for
the time being, can only hire one worker. Firm profits are given by π = p−w− c ja,

where the j subscripts denote firm cost types. The marginal cost of amenity provi-
sion c j is decreasing in j (higher types make it more cheaply). The market is perfectly
competitive and firms are price-takers. Labor is supplied elastically at each preference
type.

I will describe graphically an equilibrium that is incentive-compatible and results
in perfect sorting of types. All workers and firms types are ranked, and in equilibrium
each worker type matches to the firm type of the same rank. The solution is iterative.
We start with type-1 firms and workers, then solve for type-2, and we conclude with
type-3. The solution for all higher numbered types will follow from the same logic.

In equilibrium type-1 workers (those with α1 preferences) match to firms in a no-
amenity sector (those with c1 costs) and receive wage wc. The wage wc is determined
competitively. This is point (0,wc) in Panel A of Figure 3.

Next we determine the allocation for type-2 workers. The type-2 problem is simply
the representative agent benchmark where type-2 workers match to type-2 firms with a
market utility given by the utility type-2 workers obtain in the no-amenity sector. The
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determination of their (a,w) bundle is shown in Panel A of Figure 3. Note that the
relevant type-2 indifference curve is the one that passes through wc, which corresponds
to V =V (0,wc;α2), such that they have no incentive to deviate. The solution is denoted
point a in the graph, with wage w2. Since the type-2 firm isocost intercept is below
wc the marginal cost to hire a worker for type-2 firms is lower than in the no-amenity
sector by the difference in the intercepts. Therefore, type-2 firms have strictly higher
profits than firms in the no-amenity sector even though they have the same production
technology and the amenity is non-productive. These profits are Ricardian rents that
arise from firms that are endowed with lower costs to provide the amenity, which allow
these firms to compensate workers at an equal utility level as firms without amenities,
but at a lower average cost.

Panel B of Figure 3 shows the determination of the equilibrium bundle for type-
3 workers and firms. We first plot the contract curve between these type-3 workers
and firms, along which there are no gains from trade. Next we ask, what is the profit-
maximizing point on the contract curve such that no types deviate? These conditions
are met at point c, where the contract curve intersects with the type-3 indifference curve
that is tangent to the profit-maximizing type-2 isocost curve. Neither type-2 workers
nor firms will do better by moving to this bundle since it is above the profit-maximizing
type-2 isocost and below the type-2 indifference curve. If type-3 firms offer any bundle
that is lower on the type-3 contract curve, no workers will join them because a type-2
firm can offer the bundle at point b and hire type-3 workers at the same cost as type-2
workers.15 Equilibrium bundles for all types greater than 3 follow by the same logic.
Equilibrium type-k bundles are on the type-k contract curve, at the intersection of the
type-k indifference curve that is tangent to the type-(k − 1) isocost curve. An impli-
cation of the iterative form of this equilibrium is that optimal bundles for type k are a
function only of the amenity costs and worker preferences types less than k.16 A regula-
tion affecting high-cost (low-type) firms will have a ripple effect across the entire labor
market. Whereas the effects of a regulation on low cost (high type) firms will be more
insulated.

Because the type-3 isocost has a lower intercept than the type-2 isocost, we know
that they have a lower cost per-worker and higher surplus relative to type-2 firms. If
we introduce an employment margin and firms equate their marginal revenue product
of labor to their expenditure per worker, a lower price per worker translates to higher

15In this scenario type-2 firms will be indifferent between hiring at points a and b and will choose
between these bundles using a tie-breaker rule so as to not violate the one offer per firm condition.

16While this simplified version of the Rosen model reads like a screening model, information asym-
metries do not lead to inefficiency because the identify of who matches is irrelevant. If firms observe
their worker types, nothing changes. The market is competitive and the first welfare theorem holds.
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Figure 3: Amenity Determination with Two-Sided Heterogeneity and Sorting
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employment. Thus, low-amenity cost firms are both more profitable and larger.
The surplus for the amenity endowment is shared between workers and firms. For

k > 2, Type k workers have surplus if we define it as a positive utility difference relative
to their next best alternative. Because the type-3 bundle is defined based on a tangency
with the type-2 isocost curve, type-3 workers would do strictly worse by moving to the
type-2 bundle. There is also surplus if we define it as the difference in wages relative
to the no-amenity sector (0,wc), which is what the type-3 workers “paid” for the full
amount of the amenity, versus the WTP for the amenity. We know this because in
equilibrium V (a3,w3;α3)>V (0,wc;α3).

High amenity cost (low-type) firms are at an inherent disadvantage in this market
because they have the same production technology as other firms but have to pay a
higher cost to recruit workers. They are not competed out of the market because they
can offer high wage and low amenity bundles that are attractive to some workers who
value more cash, and sub-optimal for higher type firms to offer. The reason, then,
that firms with different costs co-exist in this model is because a firm can offer only
one compensation bundle. Otherwise, a type-3 firm can mimic a type-2 firm and offer
bundles that are marginally more attractive to type-2 workers at a lower overall cost
than the type-2 firm bundle. The fact that we do observe heterogeneity in amenity
provision in reality suggests that firms are constrained in their ability to offer different
amenity levels. Outsourcing might be seen as a way for an amenity-rich firm to offer
high-wage and low-amenity positions that its high-amenity preference workers will not
accept. An example might be the high utilization of travel nurses, who as contract
employees at hospitals tend to earn higher wages than staff nurses but do not have the
same employment protections or fringe benefits (see Seo and Spetz 2013).

4.1.1 Long-run Equilibrium

The Rosen model I described is in the short-run. It asks what is the equilibrium out-
come given an existing set of firms with a distribution of amenity costs. A long-run
model with no barrier to entry leads to the degenerate case that, in a given market, only
the set of firms with the lowest cost to produce the amenity survive. To see this, we
can impose a zero-profit condition. The hedonic wage curve in the zero-profit case is
entirely determined on the production-side by the upper-envelope of the zero-profit iso-
cost curves. Rents are then fully transferred to workers, but since rents are higher in
higher amenity (lower amenity cost) firms, this is not an equilibrium. Workers in high
amenity cost firms will want to move. The long-run equilibrium then is for all workers
to move to the lowest amenity cost firms, thus leading to the degenerate outcome. Put
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more simply: firms with a low cost to produce amenities have a competitive advantage
because they can make something workers like more cheaply. If their profits are driven
to zero in the long-run, firms with higher cost structures must face closure. With only
one firm type remaining, workers can still vary in wage/amenity bundles as they posi-
tion themselves along the isocost curves for these remaining firms. Note this long-run
equilibrium holds only within a labor market, defined for example by industry. In the
long-run there will still be differences in costs across industries.

The competitive long-run prediction of no variation in amenity costs may have some
empirical relevance in that the basic benefits package of health insurance, 401(k), and
paid leave, all of which are easy to replicate, are available in most jobs for college-
educated workers. Moreover, the share of employment at large firms has been steadily
increasing according to Census Bureau’s Business Dynamics Statistics data, consistent
with the long-run prediction as larger firms tend to have more amenities and better
working conditions.

However, it is obviously untrue in general that workplace conditions are uniform
within a market. How, then, do low amenity workplaces survive when there is free
entry and worker mobility? One possibility is that the amenity cost is a function of an
inelastic factor. For example, there might be a fixed set of managers that can implement
safe and friendly workplaces at relatively low cost. In this scenario, in the long run,
the amenity variation between firms will remain because not all talented managers can
match to a firm.17 A zero-profit condition will mean that the wage of good managers
will be bid up. In this variation of the model, rents from better amenities are captured
by these managers.

Another explanation that allows for equilibrium variation in amenity provision and
free entry of firms in the long-run is any barrier to entry on the worker side. For exam-
ple, unions are uniquely suited to ensure certain valuable amenities for workers, such
as grievance procedures, collective advocacy, and worker voice more broadly. Unions
lower the cost of amenity provision to firms, and restrict worker entry to ensure that
their members capture those rents. Another example for how amenity variation can be
sustained in the long-run is spatial. While there is free entry of firms into sunny Cal-
ifornia, housing restrictions curb labor supply. In this case, homeowners, rather than
workers, capture all of the amenity rents via these barriers.

17An executive at a large supermarket chain told me that the reason why injuries had fallen so quickly
at their company in the previous five years was because “it was only after we decided it was a big enough
problem that we assigned our best people to solve it.” This response highlights the management talent
bottleneck.
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4.2 Discrete Case

The discrete amenity version of the model is developed by Rosen (1986). It has per-
sisted in the labor literature because it allows for transparent analysis of a highly compli-
cated environment with different dimensions of heterogeneity and sorting and generally
gives the right intuition, particularly on the importance of the price depending on the
marginal worker and firm.

In the model there is a discrete amenity, such as a dangerous (d = 1) or safe (d = 0)
workplace. The elements of this model are workers (indexed by i) defined by their
heterogeneous willingness-to-accept (WTAi) to join dangerous workplaces, and firms
(indexed by j) who are defined by their heterogeneous marginal cost to invest in safe
workplaces (MC j). We define these distributions of heterogeneous worker preferences
and firm costs as WTAi ∼ G(·) and MC j ∼ F(·), respectively. These primitives are
sufficient to obtain a market compensating differential between jobs with and without
the disamenity.

Define the difference in the wage between dangerous and safe jobs as ∆w ≡ wd=1−
wd=0. Workers accept a dangerous job if WTAi < ∆w (extra pay exceeds requirement)
and firms maintain a dangerous workplace if MC j > ∆w (wage savings are lower than
cost of safe workplace). In this model, the compensating wage differential is at the
intersection of the supply and demand functions for the amenity, which is shown in
Figure 4. The inverse supply curve of workers into dangerous jobs plots ∆w=G−1(Dw),
where Dw is the fraction of workers in dangerous jobs. When dangerous jobs pay more
(higher ∆w), more workers find it advantageous to work in dangerous jobs. The inverse
demand curve of firms for dangerous jobs plots ∆w = F−1(1−D f ), where D f is the
fraction of firms with dangerous jobs. When dangerous jobs have a higher premium
(higher ∆w), more firms pay for safety and there are fewer dangerous jobs. The market
clears when the wage differential equates these two shares.

While simple, the model has several interesting implications. The first is that the
market compensating differential for a job with an amenity relative to the job without
the amenity is pinned down by the MWTP of consuming the amenity by the worker
and marginal cost of producing the amenity by the firm. At the equilibrating point,
these are the same. This implication is not innocuous because the marginal worker and
firm may differ substantially from the average, something that needs to be considered
when using these measures for evaluating regulation. For example, over the last two
decades workplaces have become much safer. A plausible explanation for why injuries
have fallen is that firms invested in safer workplaces in response to rising health care
and workers compensation costs, which made injuries more expensive to firms and
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Figure 4: Supply and Demand for Discrete Amenity
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Note: The supply curve traces worker supply to dangerous jobs. The demand curve traces firm
demand for dangerous jobs.
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increased the net benefit of making safety investments. The Rosen model predicts in
this case that the compensating differential for a workplace with safety improvements
should fall (the demand curve in Figure 4 shifts left), not because workers valuation
of safety has changed, but because the marginal worker in a dangerous job now has a
higher risk tolerance. If all we observed is the wage differential, we might draw the
wrong conclusion.

A second observation from this discrete amenity model is that inframarginal firms
and workers have surplus in the sense that for a small change in the wage their decision
will not change. Inframarginal workers with a disamenity will have higher utility than
marginal workers because they are paid the same, but have more tolerance for the dis-
amenity. Inframarginal firms with an amenity have higher profits than marginal firms
because their cost to providing the amenity is lower. Worker surplus in this discrete
amenity case comes about because of imperfect sorting. There is only one wage, but
workers choosing the same amenity have heterogeneous preferences, so some have to
be inframarginal.

4.3 Evidence on Sorting

The Rosen model makes a stark prediction that there is sorting between workers and
firms on their respective preferences and costs. How well does this prediction hold?
The answer to this question is relevant both to test the theory of equalizing differences
and to determine the potential surplus workers have in a job, defining surplus in this case
as the gap in utility between a job and their next best alternative. When there is perfect
sorting there is limited room for amenities to generate surplus. But with imperfect
sorting, and if amenities are determined at the firm level, inframarginal workers who
have the highest valuation over amenities will have surplus.

I characterize the evidence on sorting as on balance supportive of the prediction
from the equalizing differences model, but it depends on the domain considered, and
is certainly far from perfect. On the plus side, Krueger and Schkade (2008) find a
strong relationship between how social someone is outside of work and whether they
are in a job that involves interacting with other people. Using a model of occupational
choice, DeLeire and Levy (2004) find that single parents have elevated aversions to
risky occupations relative to other workers of the same gender. Their bottom line is that
differences in occupational risk explain one-quarter of occupational gender segregation.
In the context of military occupations, Greenberg et al. (2021) find that the indifference
curves relating wages to mortality risk for women and men in noncombat roles are
substantially steeper than those for men in combat occupations, indicating a stronger
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aversion to mortality risk in these subgroups. There is evidence that people who have a
higher WTP for more family-friendly work arrangements are more likely to be in jobs
with these arrangements. In Mas and Pallais (2017), workers in formal WFH arrange-
ments have approximately twice the WTP for WFH than workers not in these arrange-
ments. Moreover, women with children under 4 have both elevated WTP for formal
arrangements and actual rates in these jobs. Goldin, Pekkala Kerr, and Olivetti (2020)
document that in the U.S. there is a positive correlation of firms that offer parental paid
leave and the share of the workforce that is of childbearing age. In Brazil, women are
more likely to hold jobs with better non-wage amenities (Morchio and Moser 2024).
Female college graduates are more likely to be in jobs with greater work flexibility and
job stability (Wiswall and Zafar 2018). As previously discussed, Corradini, Lagos, and
Sharma (2022) show that when there is exogenous implementation of “female-friendly”
amenities, the share of females employed in the firms increases.

On the negative side, Lachowska et al. (2023b) find that there is very limited sort-
ing between workers who prefer long hours and firms that offer long hours. Their
explanation is rooted in imperfect competition: workers in general experience upward
equilibrium hours constraints (they want more hours than they have), firms that offer
overall better compensation do so both on the wage and hours margin, and these more
attractive firms select workers from queues on dimensions other than preferences. In
the context of work arrangements, while Mas and Pallais (2017) document that people
who have a high WTP to avoid irregular, employer-driven schedules are not less likely
to be in those jobs.

5 Hedonic Models: Estimation

The requirements for estimating hedonic models depends their intended purpose. They
are less stringent if the goal is to estimate an equilibrium relationship, more stringent if
the goal is to obtain MWTP estimates, and even more stringent if we want to estimate
indifference curves.18

For any purpose, in the best world we have an amenity cost shifter that changes
the relative price of an amenity and then use that to instrument for the quantity of the
amenity to estimate its effect on the wage. This estimate is interpretable as the derivative

18Rosen (1974) proposed a two-step procedure for estimating indifference curves–also called bid
curves–using a hedonic model. In the first step a hedonic model is estimated to predict the price as a
function of product attributes. In the second step the derivative of the estimated price function is re-
gressed on a non-linear function of the the amenity of interest to recover the indifference curve. This
procedure has not been widely adopted due to the very strong parametric assumptions required for iden-
tification (Greenstone 2017).
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of the hedonic wage function w(a) at some initial amenity level. The cost shifter moves
the firm’s isoprofit along this equilibrium schedule as it trades-off the amenity for the
wage. As I discussed earlier, if we had such a shifter, the first-stage of this IV regression
is also highly informative for how firms and workers value incremental changes in the
amenity since it measures movement on the amenity demand curve.

Owing to the rarity of experimental variation, much of the empirical literature has
focused on what we can learn from analysis of observational data. While this approach
has many potential pitfalls, there is much to be learned if we think carefully about
the data generating process in equilibrium models. This is especially true for long-run
steady-state relationships, about which experiments can typically tell us little.

5.1 Hedonic Models: Assumptions

Given observational data on amenities and wages, it is helpful to ask what is the data
generating process, and particularly the sources of heterogeneity that produce these
values. In the Rosen model, within a market, this variation comes from heterogeneity
in worker preferences and firms’ costs. Any correlation of wages with amenities will
reflect preference and cost parameters and will not be particularly informative about the
primitives. We can appreciate this problem in Panel B of Figure 3, where the observed
hedonic equilibrium are the equilibrium bundles (0,wc), (a2,w2), and (a3,w3). Even if
one could hone in on a specific market, with appropriate data, and adequately control
for unobserved skill, the slope of this equilibrium relationship does not identify worker
or cost parameters because over any range of amenity values the slope of the hedonic
curve mixes the slopes of the indifference curve, the isocost curves, and changes in
composition of workers and firms.

A healthy perspective, embraced by Lavetti and Schmutte (2018), is that we should
be satisfied to obtain an unbiased estimate of the market hedonic price function. This
function is itself an interesting equilibrium object which tells us how amenities trade-
off in the market equilibrium, even if the slope of this function is not interpretable in
terms of worker or firm primitives. The hedonic price function is the relevant object,
for example, if we are interested in understanding how variation in amenities affect the
overall wage structure, a question that has recently been in focus (Sorkin 2018; Taber
and Vejlin 2020; Lamadon, Mogstad, and Setzler 2022; Morchio and Moser 2024).

For purposes of discussing assumptions in estimation it is helpful to return to the
more tractable representative agent model. This model gives an expression for the equi-
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librium wage of the form

w∗(V̄ (s),c
)
= C

(
V̄ (s),c

)
−

n

∑
k=1

ck a∗k
(
V̄ (s),c

)
+ ε, (5)

where C
(
ū,c

)
is the expenditure function, and c is the vector of amenity costs. I have

added an i.i.d. error term ε to reflect that wages are now an object we observe in data.
This expression just says that the wage is the minimum expenditure the firm incurs given
amenity costs to match reservation utility, less the optimal expenditures on amenities.
The wage depends on the firm’s job value reservation target, and the full set of amenity
costs. I detail some points on estimation below:

Unobserved skill The expenditure term C
(
V̄ (s),c

)
is typically unobserved. It is in-

creasing is skill s because higher-skilled workers have more total compensation.
Skill affects amenity provision for a fixed amenity cost—it is an argument in
a∗(·)—but it can also be correlated to amenity cost through sorting of workers
to firms. Any of these factors will result in an amenity term that is correlated
to the error, resulting in biased estimates of the slope coefficients on the ameni-
ties. Much attention has been given to this issue; see, e.g., Brown (1980) for an
early discussion and Kostiuck (1990), who finds evidence of strong self-selection
of workers with low potential earnings into night work. A novel approach for
addressing unobserved individual heterogeneity is Stern (2004), who looks at
newly minted biology PhDs who receive multiple, simultaneous job offers. By
comparing these offers within each candidate, the study controls for unobserved
heterogeneity in ability and preferences. Within candidate, there is a negative
relationship between science-oriented jobs and compensation, implying that the
biologists are paying for research autonomy via lower salaries. This negative re-
lationship does not hold without researcher fixed effects, implying that employers
vary compensation in their offers, and candidates who tend to command higher
wages regardless of job type are more likely to receive science-oriented offers.

Unobserved attributes Workplaces are complex and multi-dimensional. Equation (5)
assumes we can observe all attributes, but this is implausible. In practice, good
measurement of non-wage amenities beyond traditional benefits presents a ma-
jor challenge to implementing these types of models and much of the frontier
research is on finding new ways to estimate workplace amenities and working
conditions. Notable example using textual analysis are Arold et al. (2024) and
Lagos (2024) on collective bargaining agreements, and Sockin (2022) on em-
ployer review sites. Absent comprehensive measurement, experimental variation
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in an amenity or its cost would address this problem if the goal is to isolate the
relationship of a single amenity to the wage.

Firm pay policy The expenditure term C
(
V̄ ,c

)
will also capture any variation in firm

pay policy that are predicted by most models of imperfect competition, for ex-
ample rent-sharing, efficiency wages, or collective bargaining. Any variation in
C
(
V̄ ,c

)
across firms at a fixed level of skill will result in amenity values that that

are correlated with the error both because target utility is an argument in a∗(·) and
because there can be an equilibrium relationship between reservation utility and
amenity cost. In the Hwang, Mortensen, and Reed (1998) equilibrium, firms with
lower endowed amenity costs have higher target utility because there is a higher
opportunity cost of having vacancy. The bulk of the evidence suggests that this is
an important channel. To my knowledge, it is uniformly the case across studies
that measures of firm- or establishment-level pay are positively correlated with
firm amenities, and moves up the job ladder increase wages and amenities in tan-
dem (Lavetti and Schmutte 2018; Lachowska et al. 2023b; Sorkin 2018; Roussille
and Scuderi 2023; Sockin 2022; Lamadon, Mogstad, and Setzler 2022, to name a
few.).

Sticky wages If we have experimental variation in amenity provision or costs, to inter-
pret the wage response as a MWTP we have to assume strict adherence to com-
petitive reservation utility. However, wages are sticky (Quach 2025). It is more
likely that we observe a hedonic relationship over the medium- to long-run rather
than immediately after a shock. By implication, when estimating compensating
differentials using panel data, using job changes is preferable to using variation
in amenities over a match.

Multiple-Margin Adjustment I have already discussed this problem, but it is worth
repeating. The assumption that all other amenities are held constant when when
amenity changes is incompatible with firm optimization, generally. This severely
limits one’s ability to read off a compensating differential, even if it experimen-
tally generated, as a MWTP. One way to proceed is to accept that wage pass-
throughs are interesting on their own even if they do not necessarily have a struc-
tural interpretation. If we insist on the structural interpretation, then we can take
the estimates as lower bounds, assuming no other biases. Another approach is
to consider, when possible, the relationship between wages and bundles of at-
tributes. For example, Tsao (2025) compares the valuation of a wide-class of
amenities and working conditions (via stated preference surveys) for teachers and
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their next-best outside option. She finds that the outside option tends to pay less,
but it has higher overall amenity values. In this case, multi-margin optimization is
less relevant because it is happening within the broader bundle being compared.

5.2 Compensating Differentials in Two Settings

Given the identification challenges described above, it is not surprising that so many of
the published and unpublished estimates of compensating differentials from regressing
wages on job attributes often have counterintuitive signs, fail robustness checks, or
have implausible magnitudes.19 In this section I will talk about a two domains that
are representative of the mechanisms at play. My objective here is not to provide a
comprehensive survey of all work done to estimate compensating differentials, but to
provide a somewhat high-level overview of how the empirical literature accords with
theoretical predictions. I will begin discussing the provision of work from home (WFH)
options and then will review the evidence on workplace safety. To foreshadow my
conclusions, it is difficult to reconcile the available evidence without allowing for both
selection on individual unobservables and deviations from the perfectly competitive
benchmark, such as rent-sharing.

5.2.1 Working From Home as a Job Attribute

Much of the focus of the more recent literature on job amenities has been on alterna-
tive work arrangements to traditional 9-5 on-site work. Even before the COVID-19
pandemic, WFH was a focal attribute. The literature has estimated how workers value
WFH, its productivity impacts, and its implications on spatial sorting. My high-level
read on the conclusions of the literature on how WFH jobs are valued is:

1. In cross-sectional hedonic regressions with many controls for observable charac-
teristics including education, occupation and industry, WFH jobs are associated
with a positive pay premium (Mas and Pallais 2017). This is true both before
and after the COVID-19 pandemic, which led to a sharp rise in these positions.
If we interpret this premium as a MWTP, it suggests that WFH positions are a
disamenity.

2. However, there is considerable evidence from choice experiments and stated pref-
erence surveys that workers on average like WFH jobs and are willing to take a
pay cut to be in one (Mas and Pallais 2017; Maestas et al. 2023; Aksoy et al.
2022).

19Lavetti (2023) discusses some of this evidence.
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3. There is evidence that workers negatively select into WFH jobs based on their
productivity (Emanuel and Harrington 2024).

What do we conclude from these three findings? Facts 1 and 2 in isolation suggest
that there is a skill component that is unmeasured by the econometrician, but rewarded
by the market, that is positively correlated to WFH. Unobserved skill results in positive
bias of the WFH job attribute, thus undoing the compensating differential. Yet Fact
3 suggests that the opposite is happening. When given the option, workers negatively
select into WFH arrangements based on individual productivity.

Collectively, these facts can be reconciled once we allow for job characteristics that
are unobserved in typical datasets used to generate Fact 1. This job characteristic is
both positively correlated to the wage (via higher productivity) and the probability of
a WFH option. For example, such a characteristic might be job autonomy: whether
the job gives discretion on how a worker performs tasks. By excluding an indicator for
autonomy from the wage equation, its positive relationship with the wage loads onto
the WFH variable, resulting in a positive bias.

Pursuing this mechanism, wage determination for worker i and firm j can be written
as:

ln(wi, j) = βw WFHi, j +αi +βT ln(Tj(i))+ εi, j,

where Tj(i) is a firm- or job-level productivity measure in firm j where worker i is
employed. Person-specific wage heterogeneity, including unmeasured skill, is captured
by αi, and WFHi, j is an indicator of whether person i in job j is working from home.
If the firm is a strict price-taker, then βT = 0 because firm-level productivity shifters
will not affect wages it pays for each skill type in the labor market. Therefore, the
interpretation of βT is as a term that governs rent-sharing. Thus, the βT ln(Tj(i)) term
can be interpreted as an AKM firm-effect.

If we estimate a short regression, omitting both αi and ln(Tj(i)):

ln(wi, j) = β
s
w WFHi, j +ui, j,

then by the omitted-variable bias (OVB) formula,

β
s
w = βw +

Cov[WFH,αi]

Var[WFH]
+βT

Cov[WFH, ln(Tj)]

Var[WFH]
.

Assume
αi = γα,WFH|T WFHi, j +λ ln(Tj(i))+ui,
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where ui is uncorrelated with both WFHi, j and ln(Tj(i)). Then

Cov[WFH,αi] = Cov
[
WFH, γα,WFH|T WFH+λ ln(Tj(i))

]
= γα,WFH|T Var(WFH)+λ Cov[WFH, ln(Tj)].

Hence,
Cov[WFH,αi]

Var[WFH]
= γα,WFH|T +λ

Cov[WFH, ln(Tj(i))]

Var[WFH]
.

Substituting back into the short-regression formula:

β
s
w = βw + γα,WFH|T +

(
λ +βT

) Cov[WFH, ln(Tj(i))]

Var[WFH]
. (6)

This expression says that the bias on the WFH estimate is a function of negative
selection into WFH (γα,WFH|T < 0), the relationship between unobserved skill and firm
productivity (λ ), and the relationship between the AKM firm effect in the log wage and
WFH

(Cov[WFH,βT ln(Tj(i))]

Var[WFH]

)
.

We can get some additional insight using known information on these terms. There
is an extensive literature on rent-sharing elasticities, and an estimate around βT = 0.1
is reasonable (Abowd and Lemieux 1993; Card et al. 2018). Mas and Pallais (2017)
estimate an average WTP for WFH of 8 percent, implying that βw =−0.08 in the long
regression where the coefficient on the WFH indicator represents pure compensating
differentials.20 Mas and Pallais (2017) also estimate β̂ s

w = 0.1. The parameter λ repre-
sents the slope coefficient of the regression of the individual component of log wages on
log productivity. This value can be found from estimates of AKM models.21 In Table 3
of Lachowska et al. (2023a), it is estimated as λ = 0.86. Given these values, we obtain:

0.1 =−0.08+ γα,WFH|T +(0.86+0.1)
Cov[WFH, ln(Tj(i))]

Var[WFH]
.

Because γα,WFH|T < 0, it follows that

Cov[WFH, ln(Tj(i))]

Var[WFH]
>

0.18
0.96

≈ 0.19,

This bound implies that WFH is associated with at least a (exp(0.19)−1)×100 ≈
21 percent higher firm productivity level relative to non-WFH jobs. Since the estimates

20See also Aksoy et al. (2022).
21Technically, λ is the slope conditional on WFH. The WFH share is small enough that omitting WFH

in the AKM regression is likely not consequential.
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on the causal impact of WFH on productivity are quite mixed and even the upper-end
estimates are not that large, this likely reflects in large part an equilibrium relationship
between WFH provision and unmeasured job characteristics.22 The findings imply that
firms that offer WFH jobs tend to be more productive and recruit more skilled workers.
But conditional on someone being in that type of firm, there is negative selection on
skill into WFH roles. If unmeasured job productivity and rent-sharing is dominant, as
it appears, it is understandable why even panel models have struggled to find sensible
compensating differential relationships. Panel models control for individual skill, but
not for firm-level productivity differences.

Adverse Selection The negative selection into WFH reported in Emanuel and Har-
rington (2024) raises the interesting possibility of a classic adverse selection problem
in WFH. As Emanuel and Harrington (2024) note, if the preferences of WFH are neg-
atively correlated with the unobserved productivity, there are conditions under which
WFH will be under-provided, as the WFH wage has to be set so low that only people
with the most extreme preferences will accept these contracts23 Whether adverse selec-
tion is a pervasive problem is an open question. On average, people with higher levels
of education have higher levels of amenities, which points against the negative selection
assumption. However, as we have seen, there are multiple levels of selection in terms of
who sorts to high productivity firms versus who sorts into high amenity jobs conditional
on firm productivity.

5.2.2 Injury and Fatality Risk

I now turn to the evidence on compensating differentials for injury and fatality risk. This
has been a hugely influential area owing to the use of hedonic regression for job risk
to calculate the VSL, and also because it speaks to the benefits of safety regulations.24

22See Bloom et al. (2015) and Emanuel, Harrington, and Pallais (2023).
23See also Nekoei (2022), who develops a model of adverse selection with amenities.
24There has been considerable debate—particularly active in past decades—on whether workplace

safety regulations are necessary if wages already reflect risk and workers have full information (see, e.g.,
Kniesner and Leeth 1995). This debate centers on efficiency and the possibility of market failures. For
instance, imperfect information about workplace hazards can justify regulatory intervention, even though
a robust tort system might otherwise incentivize employers to invest in safety. In the United States,
however, workers’ compensation typically substitutes for tort liability, and because it is only partially
experience-rated, employers may still underinvest in safety.

Even if there is no market failure, distributional considerations can justify workplace safety regulation.
Labor unions are among the primary stakeholders of the U.S. Occupational Safety and Health Adminis-
tration (OSHA). Because union contracts frequently include health and safety provisions (Gray, Myers,
and Myers 1998), mandatory standards codify protections that would otherwise require negotiation, free-
ing unions to bargain over other issues such as pay. Unions may push for safety provisions to ensure that
wage gains in collective bargaining are not offset by worse working conditions, including safety. OSHA
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This is also an area where the use of stated preference surveys are not very helpful since
respondents may have a difficult time assessing low-probability events.

The Fatality Risk Premium and the Value of Statistical Life The value of a sta-
tistical life (VSL) is a central input in regulatory impact analysis, used to monetize
the benefits from policy-induced mortality improvements (OMB 2003). It is also used
widely for valuing health expenditures and other social programs (see, e.g., Finkelstein,
Hendren, and Luttmer 2019). The basic idea stems from researchers trying to estimate
an individual’s MWTP for a reduction in mortality risk. In practice, the vast majority
of VSL estimates come from hedonic wage regressions which relate variation in wages
to variation in occupational fatality risks under the assumption that observed wage dif-
ferentials reflect compensating differentials for risk exposure.

Let pi represent the probability of a fatal accident in job i, measured as the expected
number of deaths per 10,000 workers annually, and let wi denote the corresponding
wage. A standard specification regresses wages on fatality risk and other covariates:

wi = α +β pi +Xi γ + εi,

where Xi is a vector of worker and job characteristics and β captures the wage-risk
trade-off. Because one unit of pi corresponds to a 1-in-10,000 increase in annual mor-
tality risk, the implied VSL follows directly from the estimated β :

VSL =
∆w
∆p

= β ×10,000.

This framework assumes that workers accurately perceive job-related fatality risks and
that they sort into jobs such that observed wage differentials reflect an equilibrium pre-
mium for bearing additional risk. All of the points discussed earlier on the challenges
of hedonic estimation apply here, particularly unobserved worker and job attributes.
An example where it is simply impossible to disentangle attributes might be working a
register in a night shift. A night schedule is harder to balance with family life, and it is
more dangerous.25

Despite the potential pitfalls, VSL estimates derived from these wage equations are
commonly used by regulators. The U.S. Department of Transportation, for example,

also gives all workers a formal channel to exercise “voice”—for example, by filing formal grievances and
complaints, but unions have historically been better able to use this mechanism (see, e.g., Mas 2008).
Additionally, larger (and often more unionized) firms may prefer stringent regulations because they can
more easily navigate compliance, thereby creating barriers to entry for smaller competitors.

25Of course, job risk measures are not at that level of granularity.
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uses VSL to monetize the benefits of safety regulations. The value they use—$9.6 mil-
lion in 2015—is derived from a meta-study that primarily uses studies relating wages
to fatality risk. The US Environmental Protection Agency uses VSL to quantify the
benefits of regulations affecting air quality, water safety, and hazardous waste manage-
ment. As of 2024, it derived its VSL estimate from 17 hedonic wage analyses and five
contingent valuation studies that were conducted between 1974 and 1991 and subse-
quently updated to reflect inflation and real income growth (Cropper, Joiner, and Krup-
nick 2024). There are many more such examples in the U.S. and globally, hence the
policy relevance of this application of labor economics.

Measurement A concern specific to estimation of the workplace risk premium is the
accurate measurement of fatality risk. Such a measure would ideally reflect a worker’s
understanding of risk, again assuming they are well-informed. If we assign the fatal-
ity risk at a broad industry level, it may not correspond to the risk in their actual job
or establishment. However, using firm or establishment fatality rates has proven prob-
lematic because fatality is a rare event and such a measure would be noisy, resulting
in estimates that are highly prone to attenuation bias. Researchers also face a method-
ological choice between using industry-level fatality rates or occupation-specific rates.
In most datasets, industry-level measures generally have larger sample sizes and fewer
small-cell estimation issues but may mask substantial heterogeneity in job tasks, safety
standards, and worker characteristics. Occupation-specific measures can better capture
the relevant risk exposures but often rely on smaller samples, which can increase sam-
pling variance and measurement error.26 But even an occupational measure will have
error. The cashier position at a convenience store is very different than the at a high
end boutique. As we have to rely on proxies for fatality risk, measurement error, both
classical and non-classical, is a serious issue in estimation of compensating differentials
for job risk.

Robustness and Publication Bias While many of the correlational studies that seek
to estimate compensating differentials have counterintuitive signs or yield surprising
magnitudes (e.g., the WFH studies summarized above), it is noteworthy that the VSL
estimates used by regulators and derived from wage studies are fairly grouped together,
point in the expected direction, and are reasonably close to VSL estimates from other
settings like transportation, housing, and health studies. It is tempting to conclude that

26The Census of Fatal Occupational Injuries (CFOI), compiled by the BLS, is often considered the
most comprehensive data source for workplace deaths; it matches multiple data systems, such as workers’
compensation files, death certificates, and administrative reports, to create a relatively complete record.
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there is something unique about fatality risk that overcomes the estimation challenges
we see with other work attributes. Unfortunately, this seems more a function of publica-
tion bias and methodological choices that are made on the basis of whether the resulting
estimates are “reasonable.” In a report commissioned by the EPA on VSL estimates,
Black, Galdo, and Liu (2003) use three different datasets and a variety of specifications
to assess robustness of VSL estimates using wage-risk data. Their primary conclusion
is: “First, and foremost, the [VSL] estimates are quite unstable. Small changes in the
specification of covariates or the risk measured used result in large variations in the
estimated price of risk. Many of the estimates indicate that the price of risk is nega-
tive, which is contrary to the theoretical framework used.” Others who have done this
exercise have found the same (e.g., Hintermann, Alberini, and Markandya 2010).

Publication bias in VSL estimates appears severe, as found by Ashenfelter and
Greenstone (2004) in the context of road safety. Viscusi (2015) concludes that pub-
lication bias in wage-risk studies is substantial, and can inflate estimates considerably.
Viscusi argues that much of this bias stems from older studies that relied on voluntary
reports of workplace fatalities rather than using the higher-quality Census of Fatal Oc-
cupational Injuries, which tends to produce higher estimates. Related to the concern
of publication bias is the tendency for regulators to cherry-pick estimates from pub-
lished results. An example of this can be seen in the U.S. Department of Transportation
Revised Safety Guidance in 2016 that defines the VSL (USDOT 2016). Of the 15 pub-
lished wage studies considered in their meta-study, two were dropped from the VSL
guidance value due to “implausibly high” values.27 There are clearly several layers
of selection beginning from decisions on data and methodology to whether the study is
published, to whether it is used by regulators. With many dozens of wage-risk estimates
of varying quality, researchers and policymakers must ultimately determine which stud-
ies are highest-quality. Ideally, these judgments would not be made ex post, based on
whether the estimates are deemed too large or too small. This is also a situation where
pre-specifying data and models would be highly beneficial.

One recent observational study that takes seriously some of the crucial measurement
and identification challenges is Lavetti and Schmutte (2018). They have two key advan-
tages: first, employer-employee matched data, and second, high-quality administrative
data that provides a complete census of worker fatalities. This allows them to measure
occupational fatality risk with a level of precision previously unattainable. Lavetti and
Schmutte (2018) use cross-establishment job changes and within-establishment varia-

27Six studies were dropped in total for the following reasons: (1) “Implausibly high; industry-only risk
measure,” (2) “Occupation-only risk measure,” (3) “Implausibly high; industry/occupation risk measure,”
(4) “Industry-only risk measure; no full-sample VSL estimate” (two studies), and (5) “VSL estimated
only for occupational drivers.”
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tion in fatality rates by occupations to control for worker and establishment heterogene-
ity, and match effects. In doing so they can control for all stable establishment amenities
that are correlated with both fatality rates and wages.

In their regression of log wages on fatality risk per 1,000 full-time full-year-equivalent
workers with no additional controls they obtain an estimate of is -0.18. This negative re-
lationship accords with the intuition that lower-skill workers sort into riskier jobs. After
adding covariates, including educational attainment, occupation and industry controls,
experience, and race the coefficient increases to 0.279 and has the “expected” sign in
the sense that higher wages are required to compensate for added risk. Adding worker
effects reduces the estimate to 0.037. As discussed by Lavetti (2023), the attenuation in
the risk variable when adding individual fixed effects is observed in other wage-risk pa-
pers, for example Kniesner et al. (2012). It is a puzzle because the addition of education
controls confirms that job risk is negatively correlated with skill (the estimate increases
from -0.18 to 0.279), yet adding individual fixed effects which absorbs both observed
and unobserved skill reduces rather than further increasing the risk premium.28 One ex-
planation for this reversal is that attenuation bias due to classical measurement error can
be more severe in fixed-effect models.29 Given the high-quality fatality measure, a more
likely reason for this reversal, as suggested by the authors, is that there is a job ladder,
and jobs at the bottom of the ladder are unsafe, unpleasant, and low-pay. Mobility up
the job ladder is associated with decreases in fatality risk along with increases in com-
pensation and other improvements that are hard to measure. If the model is identified
off of these moves it will downwardly bias the risk premium. In Lavetti and Schmutte
(2018)’s preferred specification, they control for worker fixed effects, match effects,
and employer effects and obtain an estimate of 0.17. They conclude that unobserved
establishment effects are important for the estimated risk premium.

The main take-away from both the WFH and the workplace safety literature, and
indeed from most other domains, is that there is variation in firm productivity, and more
productive firms offer both higher wages, more generous amenities, and better working
conditions. Workers with greater earnings potential are more likely to be employed in
these firms at higher rungs in the job ladder.

28The OVB formula is Bias = Bestimated −Btrue = Bskill · Cov(fatality risk,unmeasured skill)
Var(fatality risk) . If Bskill > 0 and

Cov(fatality risk,unmeasured skill)< 0, then the OVB bias is negative.
29To see this, let the measurement error on amenity A jt follow an AR(1) process: A jt = Z jt + eit ,

where eit = ρ ei,t−1 + sit , |ρ| < 1. In a cross-section, regressing wi jt = Bt Z jt + µi jt on A jt yields

BCS
m = Bt

Var(Z jt )

Var(Z jt )+Var(eit )
. With first-differences, ∆wi = B∆Z j +∆µi and ∆A j = ∆Z j +∆ei imply BFD

m =

B Var(∆Z j)

Var(∆Z j)+Var(∆ei)
. Under stationarity, Var(eit) = σ2

s /(1−ρ2) and Var(∆ei) = 2σ2
s /(1+ρ), which can

be smaller or larger than Var(eit) depending on ρ .
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Experimental and Quasi-Experimental Approaches In principle, experiments or
quasi-experiments that induce plausibly exogenous changes in amenity provision or
costs can overcome many, though not all, of the obstacles discussed above. The ideal ex-
periment would be to observe a set of firms making an exogenous change to an amenity,
and then let enough time pass that this change can be reflected in firm outcomes, in-
cluding wages. Unfortunately, such designs remain rare. Here I discuss several of these
studies, again in the context of workplace health and safety.

A good example of an exogenous cost shifter are randomized safety inspections. If
they reveal violations, the firm has to either pay a fine or correct the deficiency. This
contingent fine lowers the marginal cost to the firm for making the safety improvement.
Levine, Toeffel, and Johnson. (2012), Johnson, Levine, and Toffel (2023) and Lee and
Taylor (2019) use data on randomized safety inspections to learn about their impacts
on injuries, employment and payroll. Levine, Toeffel, and Johnson. (2012) estimate a
9% decline in injury counts and a 30% decline in worker’s compensation claims follow-
ing randomized inspections in the previous four years by California’s OSHA equivalent.
The worker’s compensation administrative records they use also contains employer pay-
roll, and here they do not find a significant impact, with a the 95% confidence interval
for the treatment effect of (-2.0%, 3.0%). By contrast, Lee and Taylor (2019), who use
data from the Census of Manufacturers, estimate a statistically significant 2-3% reduc-
tion in wages, computed as the total annual payroll for production workers in a plant
divided by total hours worked by production workers, following an inspection. Whether
this wage reduction is interpretable as a compensating differential requires ruling out
rent-sharing by assumption. If correcting deficiencies were costly or lowered produc-
tivity, with rent-sharing that would translate to a lower wage. As we have considerable
evidence of rent-sharing, that is a strong possibility.

Another paper that uses experimental variation is Boudreau (2024), who imple-
mented a field experiment with multinational apparel companies to randomly mandate
the establishment of Occupational Safety and Health committees at about half of the
84 Bangladeshi suppliers for the companies. These committees facilitate communica-
tion and coordination between workers and managers to ensure safe working processes.
These types of committees are common in collective bargaining agreements globally,
including in the U.S. (Gray, Myers, and Myers 1998). The short-run findings are that
these committees improved safety compliance, but did not have measurable impacts on
injuries, wages, or employment. Interestingly, they did have significant negative im-
pacts on worker satisfaction. This last finding is an additional reminder that amenities
often do not operate in the workplace as expected. In this case, it is possible that the low
adoption of these committees absent the mandate was because the marginal valuation
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of safety compliance among workers did not compensate for the relative inconvenience.
An example of a quasi-experiment that dramatically changed working conditions

is Wissmann (2022), who studies an indoor smoking ban in Germany. He focuses on
“mini-jobs” in the hospitality sector, which include marginally-employed persons, typ-
ically in temporary or part-time employment arrangements, with capped compensation.
By focusing on these mini-jobs he has as close as possible to a spot market, with lower
wage rigidities and more limited rent-sharing. He finds that after the smoking ban daily
earnings of workers in bars and restaurants fell by 2.5%. This is one of the rare papers
with quasi-experimental identification that shows a result that is directionally consistent
with the theory of compensating differentials.

6 Market-level Incidence and Mandates

The positive analysis of amenities is informative about the structure of markets and firm
and worker preferences. But much of the debate around amenities is policy-oriented
and market-level and deals with the welfare and distributional effects of policies that
mandate or restrict amenities. In this section, I discuss the economic incidence of
market-level changes in costs to employer-provided benefits, market-level amenities
and mandates. Classic references are Roback (1982) and Summers (1989). A distinc-
tion between this and the compensating differentials exercise we have already covered
is that at the broader market or industry level, changes in the cost of benefit provision
can have a number of equilibrium effects that ultimately have ambiguous impacts on
the wage.

Labor Market Impacts of Rising Health Costs An important question that I will
use to illustrate the main elements of this area of inquiry is: What are the labor market
effects of rising health costs? The seminal paper is Gruber and Krueger (1991), who
look at the worker’s compensation program, an insurance program administered by
U.S. states that provides wage replacement and health benefits for workers injured on
the job. Employers pay a premium that is partially experience-rated, and the benefit is
mandated, so any increase in health care costs will translate into increased employer
costs through a higher premium. In that case, Gruber and Krueger show that wages will
fall according to

dw
d p

=−ηD −αηS

ηD −ηS ,

where p is the employer-paid insurance premium, ηD is the elasticity of labor demand,
ηS is the elasticity of labor supply, and α × p is the employee’s monetary value of the
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benefit. As in Summers (1989), if workers fully value the benefit (α = 1), the change in
the wage is just a compensating differential, with all increases in cost shifted to lower
wages. If α = 0, workers do not value the benefit and the wage response is governed
by the standard tax incidence formula.30

A related question is how wages and employment respond to benefit costs when ben-
efits are not mandated and employers can decide on generosity levels. This generosity
margin appears potentially empirically important as the aggregate trend has been to-
wards a lower employer share of premiums, higher cost-sharing, and a lower share of
firms offering health benefits (Claxton et al. 2024).

To see how changes in generosity margin interact with the response to wages, con-
sider a representative firm that provides total compensation T to a worker through
a combination of wage w and benefits b. Let the worker’s total compensation be
T = w+g(b), where g(b) is the monetary value to the worker of the benefits and g′ > 0
and g′′ < 0. The firm faces a per-worker cost of w+ cb, with c > 0 denoting the per-
unit price of benefits. Although T necessarily declines when c increases, the effect on
the wage w = T − g(b) is ambiguous, because the benefits component b also changes
endogenously. The wage responds to benefit cost according to:

dw
dc

=
dT
dc

− d
dc

[
g
(
b∗(c)

)]
=

dT
dc

− c
db∗(c)

dc
.

The first term is negative. The second term, −c db∗(c)
dc , is positive because db∗(c)

dc =
1

g′′
(

b∗(c)
) < 0.31 The degree to which firms cut back generosity is a function of dimin-

ishing marginal utility of benefits. Benefits are cut more if small changes in benefits
have little impact on utility. If b adjusts strongly to the increase in costs, the wage gain
from substituting away from benefits can outweigh the drop in T . Otherwise, the wage
falls. Ultimately the labor market impacts of changing benefit costs is an empirical
question. As I discuss, a reasonable characterization in the literature is that changes in
health costs have employment effects, limited effects on benefits (with the caveat that
these are difficult to measure at a granular level), and mixed evidence on pass-through
to wages.

Baicker and Chandra (2006) use differential growth in malpractice costs across
states as a (somewhat weak) IV for premiums. They find that a 10 percent increase
in premiums is associated with a 1.2 percentage point reduction in the aggregate prob-

30An interesting question is whether in the case of worker’s compensation employers also adjust on the
margin of investing in safer workplaces. I am not aware of a study that tests this channel using modern
empirical methods, but it is a plausible channel for the significant declines in workplace injuries over the
last decades.

31The benefit b∗(c) is chosen to satisfy g′(b∗(c)) = c.
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ability of being employed. Their estimates on the provision of health insurance are
imprecise, but arguably these measures are too coarse since the relevant margin of ad-
justment for employers is not the provision but the generosity of health insurance in
terms of contributions. Their estimates on wages for workers with employer health
insurance suggest a dollar-for-dollar reduction in wages on rising premiums.

A number of papers look at labor market impacts from hospital mergers. There has
been significant consolidation of hospitals in the U.S., and there is consistent evidence
that this has led to rising prices charged to insurers. For example, Brot-Goldberg et al.
(2024) find that hospital mergers in already concentrated markets raised prices by 6%.
Cross-market mergers result in increases in the range of 6-12% (Dafny, Ho, and Lee
2019; Arnold et al. 2025). These price increases translate to higher health care costs
to employers in these markets via higher premiums. Using a sample of mergers, Brot-
Goldberg et al. (2024) document that a 1% increase in health care prices induced by
mergers lead to a 0.27% drop in income at the county-level. This reduction in income
comes from reduced employment rather than lower wages.32 In the above model that
result would imply that benefit generosity is the margin of adjustment, but they do not
find evidence that employers shift to high-deductible health plans.

Brot-Goldberg et al. (2024) provide evidence in support of the head-tax interpreta-
tion of employer-sponsored health insurance, that is, the idea that there is a fixed cost for
low-wage workers due to the provision of benefits that are optimized for higher-wage
workers and, hence, valued by low-wage workers at less than cost. This fixed-cost is
hypothesized to lead to low joint surplus and more sensitivity to shocks. Brot-Goldberg
et al. (2024) find that hospital mergers do not cause unemployment for workers at the
top of the income distribution. Workers at the very bottom of the distribution, those
earning less than $20,000, also did not experience elevated unemployment, presumably
because they have very low baseline rates of health insurance coverage and so experi-
enced no shock. Unemployment effects were concentrated in the group of low-income
workers who likely had health insurance. This evidence is consistent with these lower
income workers in jobs with lower initial joint surplus, which was eliminated after the
cost shock. What is less clear is whether this lower surplus was due to the health insur-
ance provision and the associated head-tax wedge, or just a normal gradient of the joint
surplus as a function of the productivity of the match.

Inelastic Factors in the Worker Production Function The discussion on benefit
generosity in response to cost shocks makes clear that wages alone cannot be used to
infer preferences over amenities when defined at the market-level. We also have to keep

32See also Arnold and Whaley (2020).

48



track of quantities. In the case where there are inelastic factors required for worker en-
try, welfare calculations also require accounting for price changes across all factors.
The classic example is when firms have locational amenities, as in the Roback (1982)
model, and workers have to rent housing. But this inelastic factor can take other forms,
such as childcare or training and certification. If a worker requires childcare to work,
and childcare is inelastically supplied, by the Roback logic the incidence of a market-
change in amenity rents will be on the childcare providers and MWTP= qc

d pc
da − dw

da ,
where qc is the quantity of childcare purchased by workers and pc is the unit price
childcare. The intuition for this finding is that if there is a small increase in firm ameni-
ties, perhaps through a policy measure, working becomes more attractive, labor supply
shifts up, and price of child care providers are bid up. In this case, absent data on the
quantity and price of this inelastic factor, we are not able to use compensating differen-
tials to measure preferences. More generally, the full impact of a change in amenities
in a market requires measuring a weighted sum of the change in price or shadow price
for all factors that are required for worker entry.

7 The Analysis of Non-Wage Amenities Under Imper-
fect Competition

The competitive model is useful as a benchmark but, as has been emphasized, any un-
derstanding of the provision, valuation and implication of non-wage amenities has to be
considered in more realistic environments that are imperfectly competitive. Imperfect
competition affects the provision of amenities such that it is no longer viable to assume
that amenities are provided to always achieve a market reservation utility. As predicted
by the representative agent model outlined in this Chapter, as long as amenities are
normal goods, any increase in the value of a job (the V in problem (1)) is achieved by
increasing wages and amenities. Therefore, variation in job value will generally result
in positive co-movement in wages and amenity provisions. Variation in job value im-
plies job ladders, and higher rungs of the ladder are better in more than one dimension.
There are good and bad jobs.

Equilibrium variation in job value arises in a general class of models with imperfect
competition. For example, if a firm or industry has rents, e.g. due to imperfect prod-
uct market competition, it may share those rents with workers. This may be because
of the sociology of organizations (“Wages over a considerable range reflect manage-
rial discretion. When management can easily afford to pay high wages, they tend to
do so” (Slichter 1950)), or because a profit-maximizing firm finds it optimal to raise
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wages above competitive levels to reduce turnover (Salop 1979), or as a substitute to
monitoring (Shapiro and Stiglitz 1984), or for morale considerations (Akerlof 1984).

An interesting feature of models with endogenous amenity determination is that the
rents in question can arise internally in the model. For example, in the Rosen model I
outlined, firm rents are increasing in type, that is, the lower the cost of amenity provision
the higher is the level of rents. To the extent that there is rent-sharing, this will shift
the hedonic wage function since in Figure 3 type-3 firms will offer a (a∗3,w

∗
3 + r×π3)

bundle, where r is the rent-sharing parameter. Since profits πk are growing in type, the
slope of the hedonic wage function will be attenuated.

Rents also arise naturally in models of amenity determination with search frictions.
Key early references here are Gronberg and Reed (1994), Hwang, Mortensen, and Reed
(1998), and Lang and Majumdar (2004). In essence, these models show that with search
frictions there is equilibrium dispersion in job value and that an endogenous relation-
ship emerges between firms that provide more amenities and firm surplus. Wages are
downstream of surplus, thereby breaking the direct link between amenities and wages
emphasized both in the Rosen model and in hedonic models. I will review the mechan-
ics of a search model with a slight variant of Hwang, Mortensen, and Reed (1998).

7.1 Amenity Determination with Search Frictions

The environment of Hwang, Mortensen, and Reed (1998) is as follows. Jobs consist of
a wage rate, w, and a non-wage amenity, a. Workers are homogeneous in productivity
and preferences. Firms are heterogeneous in their cost efficiency of providing a. Denote
these costs c j. Workers search for job opportunities, moving from unemployment to
employment and between firms. The probability of a job offer is given by λU and λE

for workers in unemployment and employment, respectively. The separation rate into
unemployment is given by δ . The distribution of job values is given by V j ∼F(·), where
V j is the job utility offered by a specific firm. The distribution F(·) is endogenously
determined in the model. The utility derived from a job with attributes (w,a) is given
by:

V (w,a) = w+h(a),

where h(a) is a quasi-concave function representing the utility derived from the amenity.
Workers’ MWTP for a is given by h′(a).

Firms choose (w,a) to maximize profits:

π j = [p−w− c ja]m(V ), (7)
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where c j(a) is the per-worker cost function for type- j firms, and p is revenue per worker.
The equilibrium firm size function is m(V ) and is shown to be increasing in V . Hwang,
Mortensen, and Reed (1998) show that in equilibrium firms have positive profits.

In the model the amenity and wage mix are chosen efficiently in two steps. First,
amenities are chosen efficiently to equate MWTP to MC following h

′
(a j) = c j. Then,

wages are set to match total job value. Classic “Rosen” compensating differentials
emerge in the form of an inverse relationship between wages and amenity values for a
fixed job value. Variation in job value obscures these equalizing differences.

There are two reasons job values vary in this model. The first is due solely to
search frictions. As is standard in search models with posting, there is equilibrium
wage dispersion. To isolate this mechanism we shut down heterogeneity in the cost of
amenity provision so that all firms are identical. Then we invoke the usual Burdett and
Mortensen (1998) argument that without job value dispersion a firm can incrementally
increase its wage offer and obtain a discontinuous increase in employment, and thus
revenue, with only a negligible change in labor costs. The resulting increase in profit
is in contradiction with equilibrium. Therefore, in equilibrium there must be dispersion
in job value for otherwise identical firms. Because amenities are pinned down by the
first-order condition, job value and wages move in tandem.

The second reason job values vary in Hwang, Mortensen, and Reed (1998) is due
to heterogeneity in cost of amenity provision. Search plays only an indirect role in
this channel, through the size function m(V ), which depends on V because of frictions.
Framed this way, it is the static monopsony problem. To proceed, and to isolate the role
of cost variation, I will consider the static case below.

7.1.1 Static Exposition as a Monopsony Problem

In the static problem the firm maximizes profits given by equation (7) where, as before,
utility is V = w+ h(a). The function m(·) is increasing and concave (i.e., m′(V ) > 0
and m′′(V )< 0), and h(·) is also increasing and concave (i.e., h′(a)> 0 and h′′(a)< 0).
Thus, the firm’s problem is maxw,a (p−w− ca)m

(
w+ h(a)

)
. As before, the optimal

amenity is pinned down by the first-order condition, where a∗(c) satisfies h′
(
a∗(c)

)
= c.

Since h′′(a)< 0, it follows that optimal amenity provision is decreasing in cost: da∗(c)
dc <

0. The optimal wage choice solves p−w− ca = m(V )
m′(V ) , and because V = w+h(a), this

becomes V + m(V )
m′(V ) = p − ca + h(a). Defining R(c) ≡ p − ca(c) + h

(
a(c)

)
, we see

that the chosen V must satisfy V + m(V )
m′(V ) = R(c). Defining, F(c,V ) ≡ V + m(V )

m′(V ) by the

Implicit Function Theorem, we obtain dV
dc = −

∂F
∂c
∂F
∂V

= − a(c)
1+[m′(V )2−m(V )m′′(V )]/[m′(V ) ]2

<
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0. Hence, as the amenity cost c increases, the firm’s optimal total compensation V

decreases.
This result shows that when the labor supply function to the firm is upward sloping

with respect to job value, variation in amenity cost leads to variation in target utility,
lower cost firms offer higher job values. This is the static-version of the result in propo-
sition 5 in Hwang, Mortensen, and Reed (1998). This result shows that lower amenity
costs are a source of rents that lead to differences in job value. Another implication of
this model is that amenities reduce markdowns and raise employment closer to com-
petitive levels. The reason is that an efficiently provided amenity is pinned down by
the first-order condition, and the firm takes this as a given prior to the firm setting the
wage. The amenity shifts the labor supply curve outward, thus increasing employment
and lowering the markdown.

7.2 Horizontal Amenities and Thinness in the Distribution of Pref-
erences

Non-wage amenities are the main ingredient of imperfect competition arising due to
“thinness” of preferences in the labor markets. This concept relates to the notion of
horizontal amenities, over which individuals have idiosyncratic preferences. Commut-
ing is the prototypical example of this phenomenon, as discussed by Manning (2003).
Places that are nice to live in and places that are productive for firms do not necessarily
overlap. Workers make choices on where to live and work, balancing housing costs,
wages and commute times. In a frictionless competitive market, all workers in a firm
will have identical preferences over residential location, by the Rosen logic. The set
of workers with this preference is thick enough that the firm takes their preferences as
given and can hire any number of workers at the prevailing market wage. But if the
distribution of workers willing to pay the commuting cost is thin, the firm may “move
through” this distribution of preferences, and the conditions are set for monopsony-
type behavior. The resulting upward-sloping labor supply curve to the firm represents
the compensating differential for the marginal worker over the distribution of prefer-
ences. As has been shown by Card et al. (2018), we then obtain the standard result of a
markdown relative to marginal product, which is often expressed as a weighted average
of marginal product and an outside option where the weights are a function of the labor
supply elasticity to the firm. In this example, underlying the question of whether the
firm is a price-taker is whether the firm views the average preferences of its workforce
as a quantity that can be influenced by its hiring actions.

This framework is the product differentiation version of monopsony that is out-
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lined in Card et al. (2018) and can arise whenever there is a horizontal amenity with
a sufficiently thin distribution of preferences facing the firm. A horizontal amenity is
anything that gives a worker a match-specific utility with a firm.33 Despite horizontal
amenities increasingly being used as a modeling technique to generate firm markdowns,
we could use more direct evidence on what differentiates firms. The commuting cost
example is more like a classic monopsonist because it requires a firm that can hire a
large share of its workforce within its close geographic proximity. But one can think
of other non-pecuniary amenities that are not easily replicated and over which workers
have heterogeneous preferences, for example the presence of friends at the workplace
or a company’s culture, which can be deeply rooted in founding principles.34

If the source of market power is the firm as a differentiated product, what are the
welfare implications? The social cost is from unrealized profitable production oppor-
tunities as these firms are inefficiently small. Worker welfare is less clear. Horizontal
amenities that on the margin give weakly positive utility are, yet again, Ricardian rents
that benefit workers. Worker welfare is higher than if these amenities were shut off
and their resulting market power effects were eliminated. This is because inframarginal
workers are strictly better off than in their next alternative, even with a markdown.
Friends at work gives workers surplus even if their wage is lower due to the compen-
sating differential. The markdown shades that surplus to some degree but does not
eliminate it. If the source of market power is differential commute times, the welfare
consequences are less clear and would require a model with residential and firm loca-
tion decision, in the Roback spirit, to evaluate. In the commuting case we are closer
to the classic monopsony case. Labor markets in this case are not exactly company
towns in the Joan Robinson sense, but they are a smoothed version of that scenario be-
cause a thin distribution of preferences requires a degree of geographic isolation. Even
then, markdowns require special circumstances. A large employer in a low density ge-
ographic area is capable of moving through the distribution of commuting preferences
in a local area. But if the marginal hire is in a distant city that has elastic supply, there
will be no markdowns, even if the firm is isolated locally.

A tension in models that use idiosyncratic preferences over firm amenities to gen-
erate markdowns in wages, and also monopsony models microfounded on search fric-
tions, is that monopsony can be unwound if there is also heterogeneity in skill. If skill
is heterogeneous, a firm has to balance its ability to markdown wages due to horizon-
tal amenities with changing skill composition if it does so, because more productive

33Any vertical amenity in which worker’s have heterogeneous preferences can be modeled as a combi-
nation of a vertical and horizontal amenity. This would be done by treating the mean-zero heterogeneous
term as horizontal and amenity level as vertical.

34Park (2016) estimates the median WTP to work with a friend at 4.5% of wages.
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workers have better outside options. A firm facing both idiosyncratic preference and
skill heterogeneity will be constrained from marking down wages because the marginal
revenue = marginal cost optimization equality is premised on having a level of worker
skill. If average skill of the workforce is a function of the wage, wage markdowns will
decrease average skill, thus breaking the optimization condition.

This role of skill heterogeneity can be seen in a simple model. Suppose workers
are characterized by two independently distributed attributes: skill si and idiosyncratic
preferences over the firm amenities θi. A worker accepts a job (offered at wage w) if
and only if w+ θi ≥ si, where si is the productivity of the worker in the competitive
market and represents their outside option. Skill enters the model through an elevated
outside option.35

The firm’s revenue from hiring a worker of skill s is p× s, where p is output price.
The firm’s profit when the wage is set at w is

π(w) = p
[
S(w)×L(w)

]
− w

[
L(w)

]
, (8)

where L(w) = Pr(w+ θi ≥ si) is the share of workers who accept the firm’s offer at
w and S(w) = E[si|w] is the expected skill among those who accept, conditional on the
wage. By the choice problem, both of these functions are increasing in w. Average skill
will be more sensitive to the wage when the variance of θi is lower. When idiosyn-
cratic preferences have higher variance, there will be more situations where a high-skill
worker is willing to work at a firm for a low wage. Define elasticities εL(w) =

d lnL(w)
d lnw

and εS(w) =
d lnS(w)

d lnw . Because revenue is p [L(w)S(w)], the markdown is:

pS(w∗) − w∗ = pS(w∗)

[
1 − w∗

pS(w∗)

]
= pS(w∗)

1− εS(w∗)

1+ εL(w∗)
. (9)

If εS(w∗) = 0 (raising w does not upgrade skill composition), we revert to the classic

monopsony wedge =
pS(w∗)

1+ εL(w∗)
. If εS(w∗) is large, the markdown decreases.36 In the

limit εS → 1, it can vanish. An implication of this model is that markdowns are more
sustainable when markets are relatively heterogeneous in preferences over firm-specific
amenities but homogeneous in skill. The elasticity of average productivity with respect
to the wage is a quantifiable object that has been estimated in a number of contexts,

35See also Kline (2025) for a related screening model that combines skill and monopsony power.
36Derivation of the markdown: Differentiating equation (8) and setting dπ

dw = 0 yields p
[
L′(w)S(w)+

L(w)S′(w)
]
= L(w) + wL′(w). Dividing both sides by pL(w) and using elasticity definitions gives

S(w)
w

[
εL(w)+ εS(w)

]
= 1+εL(w)

p . Rearranging gives pS(w)
w = 1+εL(w)

εL(w)+εS(w)
, so pS(w)−w

pS(w) = 1−εS(w)
1+εL(w)

. Multi-
plying through by pS(w) then establishes formula (9).
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such as in the public service in Mexico (Dal Bó, Finan, and Rossi 2013) and in U.S.
companies (Emanuel and Harrington 2022). This quantity will be market- and context-
dependent, but in the Emanuel and Harrington case, they estimate an elasticity close to
1, implying that skill sensitivity offsets any potential market power the firm they study
might have due to horizontal amenities.

8 Revealed Preferences Approaches

In the standard hedonic framework, workers are assumed to choose job attributes as
if selecting from a fully articulated menu. In practice, however, several complicating
factors undermine this idealized setting. First, jobs often function more like experience
goods than search goods, with their true value becoming apparent only after some pe-
riod of employment. Second, market frictions and informational asymmetries limit the
set of firms or positions that workers consider, effectively constraining their choices
at any given time. Consequently, workers are frequently misallocated and must adjust
their positions dynamically as they acquire new information and seek better matches.

When there are frictions, and the wage is not fully allocative, market clearing shifts
to the quantity side. People move as they find better opportunities. Higher value firms
will have fewer vacancies, less turnover, and better ability to scale. All of these fea-
tures provide us with useful information. While imperfect and incomplete matching
might complicate hedonic estimation, it presents opportunities because job choices and
mobility can be used to estimate desired quantities.

In this section I will review the range of approaches that have built on the choice
margin. The ways of doing so are varied. We can look at choice between different work
arrangements at varying wages, choice between jobs and outside options at varying
amenity (e.g., risk) levels, choice between multiple heterogeneous jobs, job separation
decisions, and worker flows more generally.

Overall, a recognition that wages and other job characteristics are not perfectly
equalizing has led to a successful methodological and empirical literature that has lever-
aged these market imperfections to estimate preferences over amenities in ways that the
hedonic approach has not done consistently.

I organize this section as follows. (1) I begin with the simplest possible example, in
which an individual chooses between two positions that differ along a single dimension.
Drawing on Mas and Pallais (2017), I consider how to identify the demand function
when we can randomly vary the relative wage. (2) Next, I expand the discussion to
choice over job alternatives more generally, highlighting the identification assumptions
required when random variation is not available. I also discuss quasi-experimental ap-
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proaches. (3) I then move to the search literature, outlining the approach of Gronberg
and Reed (1994), who use hazards or job durations to infer MWTP. (4) Finally, I discuss
how ranking algorithms, combined with data on worker flows, can be used to estimate
the relative value of firms, following Sorkin (2018), and applications of this approach.
Each of these approaches has different data and identification requirements: some re-
quire experiments, others can be implemented with survey data, and still others require
employer-employee matched data. As we will also see, drawing on the discussions of
Greenberg et al. (2021) and anelli2021wtp, having access to institutional features can
be highly beneficial for identification in revealed preference models.

8.1 Discrete Choice Experiments

Consider the discrete version of the Rosen model in which a worker i chooses between
two jobs, indexed by j = 0,1. Job 0 offers a baseline amenity a0 (e.g., a standard 9–5
in-office schedule) and wage w0, while job 1 offers an alternative amenity a1 (e.g., work-
from-home) and wage w1. Let

∆w = w0 − w1,

so ∆w is the wage premium of the baseline job over the alternative. Let WTPi be worker
i’s WTP for a1. Then the worker chooses job 1 if and only if

WTPi > ∆w.

If WTPi follows a distribution F(·) with mean µ and variance σ2, the probability of
choosing the amenity job is

Pr(Choose a1|∆w) = Pr
(
WTPi > ∆w

)
= 1−F(∆w).

Varying ∆w and observing how many workers choose a1 can thus reveal F(·). Note
that the fraction of workers who choose the amenity is Q = 1−F(∆w), so the popu-
lation inverse demand for the amenity is ∆w = F−1(1−Q

)
. Once estimated, we have

information about preferences of inframarginal workers, allowing us to do welfare cal-
culations.

Mas and Pallais (2017) embed this choice problem in an actual application process
for a call center. Their goal is to quantify worker valuation over a variety of alterna-
tive work arrangements, including the option to work from home, flexible scheduling,
and irregular employer-driven scheduling. In this discrete choice experiment they of-
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fer varying alternative work arrangements at randomized relative wages. Job seekers
could choose between a standard 9-5 office position and alternatives. These alternative
arrangements were assigned random wages in relation to the 9-5 position.

As in the discrete Rosen model, in their setup, they compare two positions at dif-
ferent relative wages, where the difference in the wage between the standard 9-5 job
and the job with an alternative work arrangement is ∆w. As above, a job seeker ac-
cepts the job with an amenity if their WTP for the amenity exceeds the price which
in this case is given by the difference wage. The probability of that occurring is
Pr(WTPi >∆w), where WTPi is allowed to be heterogeneously distributed with mean µ

and standard deviation σ . Assuming normality, one can estimate a probit Pr(WTPi >

∆w) = F(b∆w+ c; µ,σ), where F(·) is the normal cdf, b is the slope coefficient on
the relative wage, and c is the constant.37 Typically in a discrete choice model, it is
not possible to identify the standard deviation σ of the latent variable due to scale in-
variance. However, because ∆w is in the same unit as the latent variable, and there
are no other factors that influence choice, it is possible in this case.38 Specifically,
µ = −(c/b) and σ = −(1/b).39 Once estimated, this gives the entire distribution of
WTP as well as the population inverse demand function for the amenity. As a sampling
of the findings in Mas and Pallais (2017), the mean WTP as a percentage of wages, in
relation to standard 9am-5pm Monday-Friday in-office jobs are: 8% for WFH, 0% for
an employee-determined flexible schedule, -19% for weekend work, and -20% for an
employer-determined schedule.

Once we have an estimate of the entire WTP distribution, or equivalently the in-
verse demand function, there is much we can learn, especially when combined with
external information. Mas and Pallais use the estimated WTP distribution combined
with the Rosen (1986) model to estimate MWTP and marginal costs of amenity provi-
sions at observed levels in the economy. This is done by looking at actual shares of the
work arrangement (e.g., WFH) in survey data, and then reading the implied WTP corre-
sponding to that share in the cdf of the estimated WTP distribution. For example, they

37Mas and Pallais (2017) estimate a logistic, but I summarize it here using a probit for expositional
purposes. They also measure inattention in the job choices and estimate a mixture model that controls
for inattention rates to obtain unbiased estimates of b and c. They show that inattention does not bias the
estimate of the mean WTP but does bias the variance.

38Specifically, in a standard binary choice model, one posits y = 1 if bx+ε > 0, ε ∼ N (0,σ2).
Because only the sign of bx+ ε is observed, simultaneously scaling b and ε by any λ > 0 leaves the
sign unchanged, thus precluding separate identification of σ . By contrast, in a threshold framework with
y = 1 if WTP > ∆w, where WTP ∼N (µ,σ2) and ∆w is observed, one cannot freely rescale WTP or
its variance without altering how P(y = 1) changes as ∆w varies. This breaks the usual scale invariance
and makes it possible to identify σ .

39These come from: Pr(WTPi > ∆w) = 1−Φ
(
(∆w− µ)/σ

)
= Φ

(
(µ −∆w)/σ

)
. Noting that (µ −

∆w)/σ = (µ/σ)−
(
1/σ

)
∆w, we match this expression to the empirical probit form Φ

(
b∆w+ c

)
to

identify b =−1/σ and c = µ/σ . Solving these relationships gives σ =−1/b and µ =−c/b.
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estimate a WTP for the option to work from home of 8 percent of wages for the average
worker.40 But because the share of WFH was only 10 percent (at the time of the paper),
the marginal worker valued it at 21 percent of wages. In a Rosen model the MWTP is
equal to the marginal cost of provision, suggesting it would cost the marginal employer
21 percent of wages to implement this arrangement. Because recent estimates have not
found a change in the WTP to work from home, variation over time should reflect a
change in the relative cost of provision. During the Covid-19 pandemic the relative cost
of working in the office rose dramatically, which led to large increases in the WFH rate.
Subsequently, the cost declined and we saw relative reductions in WFH rates.

8.1.1 Survey-Based Discrete Choice Experiments

One of the most important recent developments for our substantive understanding of
labor markets has been the growing use and acceptance of survey-based Discrete Choice
Experiments (DCEs). In these surveys, participants are presented with hypothetical
scenarios in order to gauge their preferences and estimate the economic value they place
on certain attributes or outcomes. These are in the family of conjoint analysis which
has long been used in marketing for pricing analysis. Studies that use these surveys, of
which there are now many, have given us a direct way to measure and quantify people’s
preferences over features of the workplace.

DCEs typically involve showing respondents side-by-side comparisons of hypothet-
ical jobs, consisting of their attributes. The attribute vector X = {w,a1...,an} randomly
varies. These comparisons can be done as a table that lists the attributes, or in the
form of a narrative vignette. These variations can be shown once or many times per
respondent. The choice problem is conventionally framed as a random utility model
and estimated with a conditional or multinomial logit. If there are multiple responses
per respondent, a mixed logit that allows for preference heterogeneity is feasible, as
employed by Maestas et al. (2023), for example. Hierarchical Bayesian methods can
also be used to obtain individual level estimates. For high-dimensional attributes, using
an adaptive method like the Bayesian Adaptive Choice approach in Drake et al. (2024)
is helpful for statistical power.

While DCEs have long been used in health and transportation economics, for exam-
ple to value public goods, they have been rarely used in labor economics until relatively
recently. Early examples of DCEs in workplace settings are in the healthcare worker
context (Mandeville, Lagarde, and Hanson 2014) and to estimate fringe benefits (Eriks-
son and Kristensen 2014). While it is much easier to estimate preferences with a DCE

40A similar magnitude has also been found in other studies (e.g., Aksoy et al. 2022; De Fraja et al.
2024; Nagler, Rincke, and Winkler 2024)
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than other alternatives, such as market-based data, the concern is that responses to hy-
pothetical scenarios may not correspond to what people do in the real world. This, I
suspect, is one reason labor economists have tended to prefer to look at what people do
rather than what they say.

The widespread recent use of DCEs is the result of a recognition that the answers
to these surveys align well with the ground truth when validated. Mas and Pallais
(2017) show that estimates from DCEs embedded in actual applications result in WTP
measures that are very close to survey-based hypothetical choices. For example, they
estimate that real job applicants are willing to pay 7.8% of wages for a WFH option,
which is almost exactly what they find in a survey DCE with a hypothetical scenario
(8.4%) and in-line with what Lewandowski, Lipowska, and Smoter (2022) find in a
DCE on a sample of workers in Poland for the option to work from home 2-3 days
per week (7.3%).41 In another field experiment where random choices of wages and
hours were embedded in a real application process, Mas and Pallais (2019) estimate
average value of non-work time at 60% of the wage for unemployed applicants. In their
accompanying survey the same hypothetical choices they estimated an average value
of non-work time of 61% of the wage. Another way to validate DCEs in surveys is to
compare answers to actual choices made by participants. Wiswall and Zafar (2018),
Maestas et al. (2023), and Mas and Pallais (2017) also show that survey responses align
with observed choices of respondents. For example, Wiswall and Zafar (2018) elicit
preferences of undergraduates over work flexibility and job stability and they find that
respondent choices made on the survey relate to college major choices and to actual job
choices reported in a follow-up survey four years after graduation.

Why do implied valuations in DCEs in the work context align so well when in other
settings, such as environmental economics, they are checkered with inconsistencies, as
reported by the influential survey of Diamond and Hausman (1994)? One clue is in
Diamond and Hausman (1994), who write that they believe “that the internal consis-
tency problems come from an absence of preferences, not a flaw in survey methodol-
ogy.” While respondents tend to have an absence of preferences over many questions
on the environment (“How much do you value the bog turtle?”), people have clearly
defined preferences and opinions about work. The types of questions DCEs ask about
the workplace mimic the types of decisions people make throughout their careers. In
my experience, based on feedback on surveys I have administered, people do not have
difficulty with these questions, and tend to enjoy answering them.

Another indicator of the validity of information gleaned from DCEs is their use in

41Traditional survey questions where respondents self-report find the same magnitude response, such
as Barrero, Bloom, and Davis (2021) (8.2%) and De Fraja et al. (2024) (8%).
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the market. Companies, with real stakes, are now using them to design benefit plans
and schedules (DeBellis 2018). An interesting question is whether the increasing use
has resulted in employers extracting surplus from workers. Without surveys, employers
could only guess how employees valued benefit packages, but accurate WTP measures
allow employers to calibrate their plans to leave workers at the point of indifference.
Freeman (1981) conjectured that employees prefer not to give information to employers
for this reason, leaving unions to better represent preferences. This raises questions
about incentive compatibility in employer surveys, something that does not appear to
present a major problem in researcher-administered surveys where respondents do not
have an incentive to conceal their preferences.42

The labor literature using DCEs has now generated a wealth of information on the
workforce including on teachers (Johnston 2020; Tsao 2025), shift premia (Desiere and
Walter 2023), autonomy and teamwork (Non et al. 2022), supervisor respect (Dube,
Naidu, and Reich 2022), and hostile climates (Collis and Van Effenterre 2025), just to
name a few. Maestas et al. (2023) has been particularly useful because their DCE is in
a representative (US) sample and asks about a wide-range of non-wage amenities and
working conditions.

Having this view into worker preferences opens up many possibilities as it offers
potential to incorporate quantified preferences in models to learn about other features
of the economy. For example, the estimates from these DCEs could be used as target
moments in macro-models. The simple exercise I outlined in the context of Mas and
Pallais (2017) on estimating employer WFH costs using information on WTP and ob-
served quantities is an example of how this can be done. Drake, Thakral, and Tô (2022)
conduct a more systematic exercise using estimated preferences to learn about the wage
structure. Colonnelli et al. (2023) use estimates on preferences for ESG practices from
a survey experiment to structurally estimate the joint distribution of TFP, demographic
productivity multipliers, and nonwage amenities at the firm level.

8.2 MWTP Estimation with Non-Experimental Offer Data

Mas and Pallais (2017) is an ideal case where experimental variation in the wage allows
not just for the estimation of MWTP, but of the full amenity demand function. In this
section, I discuss non-experimental approaches.

Let a firm or job consist of an offered wage wi j and its attributes a jk. Workers have

42There are methodological tools that can be used when truthful revelation of preferences is a concern.
An illustrative application is Colonnelli et al. (2023) who embed the preference-elicitation process for
employer ESG signals within a major job-search website, tying participants’ stated choices to real-time
job recommendations and hence rewarding truthful reporting.
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utility over these features, and there is also an idiosyncratic component of utility spe-
cific to the worker and firm match. Suppose we have data on a set of workers, and
observe all of their offers, both accepted and not accepted. We also observe the charac-
teristics of their alternatives. Such a dataset is quite special, and opens up possibilities
to learn about preferences. However, using data that are equilibrium objects as opposed
to varying experimentally presents some challenges to identification.

In this setting each worker i chooses between different jobs (or firms) according to
a logit-type random-utility model. In such a model, the utility of worker i at firm j is

Ui j = β ln
(
wi j

)
+

K

∑
k=1

γk a jk + εi j. (10)

εi j is an idiosyncratic shock, which is often assumed to be drawn from an i.i.d. extreme-
value type-I (EV1) distribution, and we will proceed this way. Since wages appear
in logs, the ratio of the γ parameters to β give the MWTP as a share of the wage:
MWTPk

wi j
= γk

β
.

The offer wage varies with individual, firm and match characteristics. Assuming
these are separable we can write:

ln(wi j) = αi +θ j +µi j.

The component θ j comes from the firm’s cost-minimization problem, as in the bench-
mark model, where they set wages and amenities to match a target utility level V j. The
term µi j is a match component and αi reflects the portable individual wage compo-
nent that captures skill. We have evidence from Hall and Mueller (2018) that the latter
two components have explanatory power. They analyze offer data for unemployment
insurance recipients and estimate that 25% of the variation in wage offers is due to
differences in offers for workers with the same productivity.

This model can in principle be estimated with a variant of a logit (e.g., binary logit,
multinomial logit or mixed logit depending on the exact structure of the choice and
regressors) using data on job offers.43 But there are a number of qualifications that are
related to the usual concerns when estimating a Berry, Levinsohn, and Pakes (1995)
(BLP) model, but in the labor context.

The first assumption is that match-specific utility εi j has to be independent of the
match term in wages µi j. This assumption holds tautologically under wage posting,
since there is no match component in the wage, or if the bargained wage is not a function
of a worker’s idiosyncratic utility.

43As in Berry, Levinsohn, and Pakes (1995), the model can be estimated in two-steps, first by estimat-
ing firm-specific effects and then regressing the firm effects on firm characteristics.

61



The second assumption is that all firm characteristics that are valued by workers
are included in the set of amenities explicitly modeled. To the extent that there are
missing characteristics, the γk parameters are interpretable as preferences over bundles
of characteristics that are correlated to the relevant α jk. The cost-minimization problem
also implies that unobserved characteristics will load onto the wage both because better
unobserved amenities =⇒ higher target utility V j =⇒ higher firm component of wage
(since firms vary wages and amenities jointly to match target utility) and higher average
skill.

Given these strong assumptions, a valid instrument for the wage can be helpful,
though often difficult to find. It would shift labor demand without also shifting work-
ers’ unobserved preferences. This instrument would be at the firm level, similar to an
IV for estimating the labor supply elasticity to the firm—for example, changes in union
contracts, firm-specific demand shocks, heterogeneous effects in the tax code, or exo-
geneous changes in input prices that pass through to wages via changes in profitability
and rent-sharing. As in BLP, we could contemplate using Hausman (1978)-style instru-
ments if we had data on the same firm operating in multiple markets and use the wage in
city B as an instrument in wage in city A with the idea that the driver of these correlated
wages are a firm’s cost structure rather than market-specific labor supply.44 In practice,
much care has to be taken to ensure that the chosen instrument is not also affecting the
other side of the market. For example, an infrastructure upgrade like improved roads
would affect both labor demand (lower distribution costs) and supply (easier commute).

Absent an external instrument, if we are willing to maintain the first assumption that
Cov(µi j,εi j) = 0, and we have extensive data on offers to the same individuals, we can
estimate the match component µi j and use that as an instrument for the wage. Using
a match effect as an IV ensures that the variation used to estimate the relationship be-
tween wage and acceptance probability is orthogonal to all other firm characteristics.
Intuitively, the reduced form of this instrument can be estimated to capture the relation-
ship of the wage on job acceptance while including firm fixed effects that control for
all stable features of the firm, including amenities possibly correlated to the wage. Of
course, the assumption that the match term on wages is uncorrelated to match-specific
utility is strong.

A final issue for consideration is non-random offers. A dataset with offer data will
excludes all firms where a worker did not apply, and firms that did not make an offer
to the worker. This is a sample selection problem and in principle could be addressed
with a control function approach assuming that we have some Z variable that predicts a

44The first-stage of this instrument should be strong given the findings in Hazell et al. (2022) on
national wage setting.
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job offer and can be excluded from the second stage logit.
All of this discussion assumes that we even have data on offers. In fact, these are

quite rare. Roussille and Scuderi (2023) use offer data from a U.S job search platform to
differentiate between different models of market power.45 A promising approach absent
offer data is to use either survey or job flow data, as in Caldwell, Haegele, and Heining
(2024) to construct consideration sets for workers—the set of feasible or actually con-
sidered options. These sets address part of the data requirement for the choice problem.
Then some additional structure or information would be required on the firm side to
model the probability that an offer is issued. Caldwell, Haegele, and Heining (2025)
side-step this problem by conducting a discrete choice experiment over firm choices
from worker-defined consideration sets to estimate the value of a firm.

A related problem are occupational choice models, where the amenities are defined
at the occupational level. This type of model was first estimated by Boskin (1974), who
used occupational choice to estimate relative weights for discounted present value of
potential future earnings, retraining costs for occupational entry, and present value of
expected earnings foregone due to unemployment. Conditional on the first, the latter
two are hypothesized to have more weight when there are imperfect capital markets. A
second example is DeLeire and Levy (2004), who employ a choice model to estimate
the relationship between fatality risk and occupational choice by family structure.

On the surface, occupational choice models have fewer data requirements than
choices over offers, since occupation is recorded in most labor force surveys. Unfortu-
nately, implicit in these models is an untenable assumption that all occupations have a
positive probability of selection. This assumption is unrealistic once we consider cre-
dential and qualification requirements, and self-selection as some individuals might not
even consider occupations deemed unsuitable (e.g., due to physical demands). Knowing
an individual’s consideration set is crucial. If we ignore the fact that certain alternatives
are not in a worker’s consideration set, we run the risk of misspecifying the probability
of choosing an observed option, biasing estimated preference parameters. A solution
is information on the consideration set is not available are “consideration instruments”
that affect the the probability that an occupation is in the choice set, but are excluded
from worker utility. These would be used in a control function to correct for selection.
See Dubé, Hortaçsu, and Joo (2021) for an application of this approach in the marketing
context.

45Stern (2004) has offer data but uses it to estimate a hedonic model rather than a choice model. It
would be interesting to see in his setting how MWTP estimates from observed choices compares to his
hedonic estimates discussed previously.
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Quasi-Experimental Approaches There are several papers that have estimated job
choice problems using quasi-experimental variation. The common thread is that each
worker is choosing between two or more options with varying relative wages and, in
these cases, risk.

Greenberg et al. (2021) use Army reenlistment decisions to estimate the wage-risk
premium, and thus the VSL. This approach is the revealed-preference analogue to stan-
dard hedonic methods; instead of relating wages to risk directly, it examines how indi-
viduals choose among alternatives differing in risk and wages. The Army setting illus-
trates why revealed preference can be advantageous. Reenlistment bonuses vary with
attrition and occupation vacancies, so riskier occupations presumably command higher
bonuses to attract soldiers. Yet these bonuses are determined administratively rather
than by a competitive labor market. Administrators can also respond to vacancies in
other ways such as more intensive recruiting, investing in equipment, or changing oper-
ations to deprioritize hard to fill occupations. Bonuses might be set high for non-combat
roles that are high priority but not necessarily high risk. It is unclear what a hedonic
model would capture. By contrast, a revealed-preference approach infers risk valuation
from actual choices, regardless of whether wages or bonuses are set competitively.

In their benchmark specification, Greenberg et al. estimate a logit model of a sol-
dier’s reenlistment decision as a function of the reenlistment bonus and the fatality
risk associated with their military occupation. The data span 2002–2011, a period
marked by elevated casualties—particularly in combat operations—due to U.S. military
involvement in Afghanistan and Iraq. Their results show a strong, positive relationship
between reenlistment and the bonus, and a strong negative relationship between reen-
listment and fatality risk, yielding VSL estimates in the $700,000–$1 million range,
substantially lower than those in earlier hedonic wage-risk studies.

Another paper from the field that is in spirit a choice problem is Anelli and Koenig
(2025). They adopt a revealed-preference framework by analyzing frontline hourly
workers’ decisions to keep working or reduce earnings under varying COVID-19 risk
levels. They use discontinuities in Federal Pandemic Unemployment Compensation
(FPUC) benefits, which create a choice margin: reduce earnings to qualify for higher
unemployment benefits, or work more hours and forgo the benefit. They show that
workers’ responsiveness to this trade-off depends on the value of non-wage job at-
tributes, such as safety. When amenities are of higher value, continuing to work is
more attractive, and fewer workers reduce earnings to access the benefit, resulting in
limited bunching. By contrast, when the non-wage returns to work are lower, more
workers shift toward the benefit, increasing bunching below the threshold. By compar-
ing bunching before and after changes in COVID-19 risk, the authors back out workers’
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willingness to pay for safety. Their estimates imply a value of statistical life of $8 mil-
lion after accounting for risk misperceptions.

8.3 Using Worker Mobility to estimate MWTP for Job Character-
istics

Most datasets do not have data on multiple offers, but Gronberg and Reed (1994)
showed that MWTP can be estimated with only data on voluntary worker separations
by assuming a simple search model. Jobs are described by a vector of characteristics
X = (w,a1, . . . ,an), which includes the wage. In a Mortensen (1986) search environ-
ment, exogeneous job destruction is given by δ , λ is the job offer arrival rate, F(·) is
the cdf of utility of job offers, and b is reservation utility. Let V (X) be a quasi-concave
utility function denoting the utility flow a worker receives from a job with characteris-
tics X . s∗(V (X)) determines search intensity as a function of job value. The hazard rate
is

h
(
V (X)

)
= δ + λ s∗

(
V (X)

)[
1−F

(
V (X)

)]
, for all V (X) ≥ b.

The first piece of this expression is due to the worker having to leave their job
because of an exogenous job destruction event. The second comes from the worker
being able to receive a job offer (which happens with probability λ ), which depends
on search intensity s

(
V (X)

)
and provided that the new job has higher utility than the

current one which occurs with probability [1−F
(
V (X)

)]
.

We can examine how a small change in a particular job attribute ak shifts the hazard
rate. Using V ≡V (X) for brevity, formally,

∂h
∂ak

=
∂V
∂ak

[
∂ s∗

∂V
λ
(
1−F(V )

)
+

∂
(
1−F(V )

)
∂V

λ s∗(V )

]
, k = 1, . . . ,n.

Note that in the above expression, the term in brackets does not depend on any of the
characteristics, or the wage, other than through utility. Therefore, if we take the ratio of
the partial derivatives of the hazards for an amenity and the wage, that term drops out
and we isolate the partial of utility. Taking ratios then gives the MWTP:

MWTPk(X) =
∂h(X)/∂ak

∂h(X)/∂w
=

∂V/∂ak

∂V/∂w
.

As we have seen, unobserved firm characteristics are a (the!) major confounding factor
in hedonic wage regressions. This approach delivers unbiased MWTP even with these
unobservables. Hwang, Mortensen, and Reed (1998) show that unlike hedonic models,
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this approach is robust to frictions.
There are several assumptions that deliver this result. The first is that search inten-

sity is not a function of the wage or job characteristics other than through utility. Van
Ommeren, Van Den Berg, and Gorter (2000) show that if search is endogenous, that is,
a worker can optimize on it, then this condition does not hold.

A second assumption is that the exogenous job destruction rate does not vary with
the wage and job characteristics. This would happen if business cycles have differential
impacts on workers with different amenities, or if there are efficiency wages such that
when workers have higher utility they are less likely to shirk.

A third assumption is that the characteristic X does not affect the hazard except
through utility. Working from home may present a violation of this assumption if being
able to work from home is both beneficial in utility and makes it easier for workers to
look for other jobs. Bonhomme, Jolivet, and Leuven (2016) argue this assumption is
potentially violated in the context of Dutch primary school teachers because amenities
affect job utility and can constrain job opportunities, for example if job offers are a
function of the socioeconomic level of the school.

The Gronberg and Reed (1994) approach has been used in a number of contexts.
For instance, Van Ommeren, Van Den Berg, and Gorter (2000) used it with job duration
data to estimate how workers value commute time. They estimate a duration model
as a function of wage and commute; the ratio of these two coefficients implies that
workers value their commute time at 50 percent of their wage. That is, a worker would
have to be paid half their hourly wage for each additional hour of commute. This
estimate is substantially higher than the MWTP from a hedonic model, a pattern that
is generally found, giving credence to the Hwang, Mortensen, and Reed (1998) model.
In a survey of Walmart workers, Dube, Naidu, and Reich (2022) ask about hypothetical
quit decisions when showing them characteristics of other jobs. The resulting MWTP
are effectively Gronberg and Reed (1994) estimates.

Using Information on Destination and Receiving Jobs In some household surveys
we can observe origin and destination information for job movers. These differences in
characteristics between firms give additional information beyond the separation proba-
bility. It may be tempting to compare changes in the wage to changes in job characteris-
tics to estimate a MWTP, however, this approach is subject to selection bias. The sample
is selected on movers for whom the wage change was sufficiently large to compensate
them for the utility loss due to more disamenities or, conversely, the new amenities were
sufficiently attractive to motivate a move even for a large wage reduction. The problem,
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ultimately, is that we do not observe wage and amenity offers for stayers.46

Bonhomme and Jolivet (2009) impose structure to address the selection problem.
They estimate workers’ WTP for non-wage job characteristics, such as amenities, using
observed voluntary job transitions. They only observe accepted job offers rather than
the full distribution of offers workers receive. Selection bias arises as observed offers
are conditional on workers’ decision rules. Their solution is to use an estimate of the
offer distribution to infer the probability of transitioning. The decision to switch jobs is
modeled using a latent utility framework. The worker accepts an offer if the utility from
the new job exceeds the utility of staying, net of transition costs. This decision rule can
be expressed as a probit:

Φ
−1(P(z = 1|w∗,a∗)

)
=

1
σz

(
w∗+βa∗+ τ

)
,

where z = 1 indicates a voluntary job transition, w∗ and a∗ are the wage and amenity
offers, β captures the worker’s WTP for the amenity, and τ summarizes the effects of
individual characteristics and unobserved job heterogeneity in transition costs. This
equation relates the observed probability of transitioning to the worker’s trade-off be-
tween wages and amenities.

Bonhomme and Jolivet (2009) show that to address the selection problem they just
need information on the offer distribution, rather than individual data on wages and
amenities of all job offers. Specifically, by Bayes’ rule the probability of a transition is:

P(zt = 1|w∗,a∗) =
ℓz(w∗,a∗|zt = 1)

ℓ∗(w∗,a∗)
P(zt = 1),

where ℓz represents the density of accepted offers (conditional on transitioning), and
ℓ∗ represents the overall distribution of offers in the labor market. By estimating ℓ∗,
they correct for the selection bias inherent in observing only accepted offers. The offer
distribution is inferred using constrained transitions (e.g., layoffs or moves due to firm
closures), which are assumed to provide an unbiased sample of market offers. Once the
selection-corrected expression for the transition probability is established, β ∗ can be
recovered as the coefficient on amenities a∗ in the estimated decision rule, thus allowing
them to directly quantify workers’ WTP for non-wage job characteristics. As in papers
that use the Gronberg and Reed (1994) approach, Bonhomme and Jolivet (2009) find
substantially larger MWTP values in absolute value relative to hedonic regressions.
This again would be because choice approaches are robust to frictions.

46Villanueva (2007) shows that even with the selection bias, the MWTP can still be bounded. However,
the bounds in his approach tend to be large.
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8.4 Using Flows to Estimate Firm Value

If we have employer-employee matched data, we can not only observe a separation, but
track where the worker moves. These flows between firms are informative about the
value of the firm. While the previous approaches are oriented towards valuing specific
features of firms, with employer-employee matched data we can attempt to construct
relative total firm values (wages+amenities). The key reference here is Sorkin (2018).
With a measure of firm value in hand, we can in a second step use this measure to
estimates the value of characteristics, or investigate how the distribution of firm values
contributes to, say, inequality.

Suppose that a firm or job can be defined by a component of common value. This
value represents all pecuniary and non-pecuniary parts of the employment relationship
so that utility is defined as:

Ui j = Vj + εi j.

As before εi j is an idiosyncratic shock drawn from an i.i.d. EV1 distribution, and Vj is
the utility of firm j that is common to all workers.

By the logit structure, the probability that any worker i chooses firm k over firm j is

P(choose k over j) =
exp(Vk)

exp(Vk)+ exp(Vj)
=

Mk j

N
.

When we observe, in aggregate, that Mk j workers choose k instead of j (out of N who
actively compare these two firms). Abstracting from firm size, the relative number of
people that chose k over j (Mk j) versus j over k (M jk) is the measure of the relative
common value of the firms:

Vk −Vj = ln
(Mk j

M jk

)
, (11)

where M jk denotes the count of those who choose j instead of k.47

If we repeat this logic across many pairs (k, j) we can in principle recover each Vk

relative to an outside option on a common utility scale by maximum likelihood using
the Bradley-Terry-Luce (BTL) model (Bradley and Terry 1952; Luce 1959). In the
context of the labor market, however, this approach is generally infeasible because of
the sparsity of the transition matrix. The bilateral flows will have many structural zeros,
complicating estimation. An additional problem is that there is also a decision rule on
the firm side as to whether to make an offer.

Sorkin (2018)’s solution collapses all the pairwise conditions into one equation per

47Voluntary transitions of workers between employers are required. Papers that use these flows with
matched employer-employee data typically approximate voluntary moves by making sure that there are
no quarters with zero earnings gaps after a job move.
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firm, massively reducing dimensionality. Concretely, expression (11) implies that:

Mk j exp
(
Vj
)
= M jk exp

(
Vk
)
, ∀ j.

=⇒ exp
(
Vk
)
=

∑
j∈E

Mk j exp
(
Vj
)

∑
j∈E

M jk
, (12)

where E is the set of all firms. In this expression each firm’s (exponentiated) value
equals its value-weighted inflow divided by its total outflow. By aggregating over all
sources j into a single inflow term, one no longer needs direct observations of every
( j,k) transition, thereby avoiding the problem of zero flows in sparse data. This system
will have a unique solution under relatively mild connectivity conditions, and can be
efficiently solved numerically even when the number of firms is very large.

Sorkin (2018)’s approach is motivated by the “PageRank” algorithm (Page 1999),
because a high-value firm draw workers from other high-value firms and loses few
workers, similar in spirit to the way the PageRank algorithm ranks websites. However,
Sorkin’s approach is much more akin to another spectral ranking algorithm, Negahban,
Oh, and Shah (2017)’s RankCentrality. RankCentrality is an iterative rank aggregation
algorithm for discovering strength of items when the data adhere to the pairwise com-
parisons of the BTL model. RankCentrality is defined as the stationary distribution of
a random walk on a weighted directed comparisons graph. This stationary distribution
is precisely the fixed point to equation (12), where the Mk j terms are the elements of
the comparisons graph. There is a stationary distribution when the elements are in a
strongly connected set, as defined by Sorkin.

While this is an elegant solution for estimating the latent utility of firms, the model
of the labor market that leads to this result is highly simplified. The value Mk j represents
the number of workers who prefer k to j among all workers who are potential movers.
In practice, with standard administrative datasets, we do not observe this value. Instead,
we observe the number of workers who prefer k to j conditional on being employed at
j and receive an offer from k. We do not observe the number of workers at j who
prefer k but do not receive an offer, or the number of workers at j who did receive an
offer but preferred j to k. This presents a problem because firms, especially high-value
firms, may make limited offers, and have a queue of workers who would join the firm,
if offered. Without taking into account differential offer rates, these firms would appear
less attractive than they are.

This problem can be addressed by imposing structure from a Burdett and Mortensen
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(1998) model. In steady state:

M jk = gkW (1−δk)(1−ρk)︸ ︷︷ ︸
# workers staying at k

× λ1 f j︸︷︷︸
prob. of receiving an offer from j

×
exp(Ve(v j))

exp(Ve(v j))+ exp(Ve(vk))︸ ︷︷ ︸
prob. of accepting j

,

where gk is the share of all workers employed at k, W is the total number of workers, δk

and ρk are exogeneous separation rates, and λ1 f j is the probability an employed worker
at k gets an offer from j. We get a similar expression from j → k, and taking the ratio
of the two yields

M jk

Mk j
=

f j

fk︸︷︷︸
relative offers

× gk(1−δk)(1−ρk)

g j(1−δ j)(1−ρ j)︸ ︷︷ ︸
effective sizes

×
exp

(
Ve(v j)

)
exp

(
Ve(vk)

)︸ ︷︷ ︸
relative values

.

Sorkin defines the “flow-relevant” utility as

exp(Ṽj)≡
f j exp(Vj)

g j(1−δ j)(1−ρ j)
.

It follows that
M jk

Mk j
=

exp(Ṽj)

exp(Ṽk)
,

and we can apply this expression to the fixed-point problem in equation (12), retrieving
exp(Ṽk). The firm value, exp(Vk), is then obtained by multiplying the resulting quantity
by g j

f j
,

V̂j =
g j

f j
exp(Ṽk).

Here, g j represents firm size and is readily available in employer-employee matched
data, while the offer rate f j needs to be estimated. As in Bonhomme and Jolivet (2009),
offer rates are computed using constrained transitions. In Sorkin’s case, these are the
relative rates of hires out of non-employment. Since individuals in non-employment
have limited outside options, observing that a firm hires more from non-employment
suggests that it is making more offers. There is an assumption, then, that the offer rate to
employed workers is the same. An additional necessary assumption is that everyone has
an equal probability of getting an offer from a given firm. We have to rule out scenarios
where, say, low value firms only make offers to job seekers who they are confident
will accept and appear to have high value because of a resulting high acceptance rate.48

48An alternative measure of firm value is from Bagger and Lentz (2019), which says a higher ranked
firm hires a lower share out of non-employment and a higher share of workers from other firms.
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Another limitation of the approach is that everyone has essentially the same ranking
of firms up to an EV1 error. Roussille and Scuderi (2023) relax that assumption by
allowing for three distinct ”job ladders” and find evidence to support this heterogeneity.

Though this RankCentrality measure of firm value does not use wages in any way,
Sorkin (2018), Lachowska et al. (2023b), and Lagos (2024) all find that it is strongly
related to a firm’s wage component in an AKM model, as would be expected if it mea-
sured job value. The main substantive findings in Sorkin is that the measure of value
varies a lot across firms. While wage variation may just reflect compensating differ-
entials and thus not violate a law of one price, the observation of significant utility
variation is decisive on that point.

8.4.1 Application to Collective Bargaining Agreements

Lagos (2024) uses this RankCentrality measure to quantify wage-equivalent values of
collective bargaining agreement clauses. He estimates ∆V̂j = β1∆ψ̂ j +∑

K
k=1 βk∆ak j +

ε j, where the ak j is contract clause k at firm j and ψ̂ j is the change in the firm-
component of wage defined over non-overlapping five year intervals. Using a measure
of firm utility as a dependent variable requires fewer assumptions than the Gronberg
and Reed (1994) job separation approach because in the latter we have to assume that
job characteristics only affect separations through utility, that is, they cannot have an
independent affect on mobility. If we have a measure of firm utility, job characteristics
can independently affect separation probabilities and still yield consistent estimates.49

Lagos’ findings include: Workers value restricting the duration of probationary pe-
riods and temporary contracts at 2.2% of wages; advance payment of year-end bonuses
for vacations valued at 3.3% of wages; and paid leave for deaths, blood donations, mar-
riage, and paternity valued at 7.8% of wages. He finds negative WTP estimates for
other clauses, such as a requirement that accidents involving leave must be reported
to the union within 24 hours (-6.4% WTP) and a requirement that employers inform
workers about vacation periods at least 30 days in advance (-5.1% WTP).

These estimates are interesting in light of Freeman (1981), who argues that fringe
benefit allocations at unionized employers are a good indicator of worker preferences
because accurate information emerges from the collective bargaining process. The re-
sults in Lagos (2024) suggest limits to that interpretation because there are some pro-

49In principle, we can use any measure of firm utility as the dependent variable, like average job
satisfaction or other measures of subjective well-being. Benjamin et al. (2014) show that choice-based
approaches, like Sorkin’s, result in more accurate MRS estimates than subjective measures of utility. In
the same spirit, Bell (2025) relates measures of individual productivity to wages and amenities to estimate
the implicit price of the amenity. In this framework, the measure of individual productivity serves as a
proxy for job value. See also Bell et al. (2024).
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visions that are not valued. The pattern appears that workers value contract clauses
that have direct benefits, and do not value provisions whose sole purpose are poten-
tially costly administrative obligations for the employer. The finding is reminiscent of
Boudreau (2024), who found negative work satisfaction responses to the implementa-
tion of safety committees. One interpretation of these findings is that the incentives of
union officers are not completely aligned with the rank-and-file as officers put excessive
weight on administrative procedures.

8.4.2 Application to Estimation of Work Hour Constraints

Lachowska et al. (2023b) estimate a model of the form

V̂j = c+θ ln(wage j)+β ln(h j)+ ε j, (13)

where V̂j is a RankCentrality measure, and h j is a measure of firm work hours that varies
due to policy, as opposed to worker preferences. They show that the ratio of the MRS
between earnings and work hours to the wage is: MRSe,h

w = −β−θ

θ
. If work hours are

unconstrained, as in the neoclassical models of labor supply, this ratio should equal 1.
The authors show that it is well below 1 on average, implying that there are equilibrium
work hour constraints.

Equilibrium constraints in work hours emerge naturally out of any model where
firms have preferences over average hours worked due, for example, to scheduling con-
straints or fatigue. Figure 5 shows how this happens. Worker indifference curves in
wage and hour space are u-shaped. If hours are too low people would take a pay-cut to
work more. If hours are too high they would take a pay cut to work less. If firms have
preferences over average hours, they will require either a higher or lower wage (depend-
ing on their technology) to increase hours to maintain profits. In the figure, the isoprofit
for the firm is drawn downward sloping implying that extra hours are costly to the firm.
In that case, they will offer constrained hours at point a, with wage of w1. At this wage,
unconstrained hours are given by the tangency point b at the minimum of indifference
curve corresponding to utility V2. Using the RankCentrality measure, Lachowska et
al. estimate unconstrained hours empirically by the maximum average RankCentrality
value for a fixed wage bin. Using this value, and the estimate of θ in equation (13), they
can determine the wage premium required to achieve the same utility at unconstrained
hours but from the constrained hours. This premium is shown as w2 = w1 exp

(
V2−V1

θ

)
in the figure. They find that, on average, the wage premium required to equalize utility
for constrained hours to unconstrained hours is 12%.
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Figure 5: Work Hour Determination
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8.5 Equilibrium Models

The revealed preference approach has been embedded in structural models that seek
to explain the wage structure. Amenities in these models typically play the role of the
residual, explaining anything that is not rationalized by observed firm, worker or market
characteristics given a specified model.50

Sullivan and To (2014), Sorkin (2018), Taber and Vejlin (2020), and Morchio and
Moser (2024) rely on information on job transitions in frictional model to quantify the
value of non-wage amenities, with the intuition that a move to a lower paying job con-
veys information on non-pecuniary aspects of the job. Hall and Mueller (2018) also
model a frictional market but instead use offer data for unemployment insurance recip-
ients. They infer the importance of non-wage amenities using the share of job offers
accepted below a self-reported reservation wage. Amenities can rationalize, for exam-
ple, why job acceptance is kinked but not discontinuous at the self-reported reservation
wage.51

By contrast, Lamadon, Mogstad, and Setzler (2022) do not rely on search frictions

50Reassuringly, when data on actual amenities are available, these quantities tend to be correlated to
be correlated to these residual elements in expected ways, as shown by Morchio and Moser (2024).

51The importance of non-wage amenities, and the fact that they are correlated to the wage, suggests
that, in general, we have to be careful about how to interpret self-reported reservation wage measures.
What are respondents assuming about all other aspects of work when providing a wage?
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and instead use a horizontal amenity assumption and resulting match specific utility in a
choice framework to explain how workers allocate to firms. In their model, workers in a
given skill group can choose any firm and choose the one that gives highest utility given
idiosyncratic preferences, wages and vertical amenities. They also have data on firm
productivity from which they can estimate rent-sharing which arises due to variation in
markdowns. More productive firms and firms endowed with better vertical amenities
attract more workers. Unlike in search models where amenities affect job-to-job tran-
sitions, here the relevant moment that pins down vertical amenities is scale. Vertical
amenities explain why a firm scales beyond what can be explained by productivity and
rent-sharing.

One of the principle goals of equilibrium models is to quantify how non-wage
amenities explain variation in overall utility or wages. In an equilibrium model this can
be achieved by turning off one of the mechanisms in the model, as in Taber and Vejlin
(2020), by conducting variance decompositions on different components of the wage
based on estimated model parameters, as in Lamadon, Mogstad, and Setzler (2022),
or by directly estimating the variances of different wage components and overall job
value given target moments, as in Hall and Mueller (2018). Taber and Vejlin (2020)
shut off compensating differentials by having all moves be based on wage rather than
non-pecuniary elements and then compare the variance of the wage and utility to the
observed variances. Using data from Denmark, they estimate that non-wage ameni-
ties explain more than half of the overall variance in flow utility. Using data from the
State of New Jersey, Hall and Mueller (2018) conclude that total job value dispersion is
50% higher than wage dispersion. Using data from Brazil, Morchio and Moser (2024)
estimate that the amenity share in total compensation is approximately 50%.

It is informative to compare decompositions on the overall value of jobs with esti-
mates from papers that have directly estimated non-wage amenities and quantified their
value. Maestas et al. (2023) find that the 90-10 log compensation differential, inclu-
sive of non-wage amenity values, is 11% larger than the 90-10 wage differential. Their
amenities do not include fringe benefits, but Pierce (2001) finds a similar magnitude
contribution from benefits.52 Maestas et al. (2023) also find that mean amenity value
ranges from 35% to 45% of job value excluding fringe benefits, with higher share at
the top of the income distribution. Fringe benefits are approximately 30% of wages, or
about 17% of total compensation. Wages therefore, are about 55% of total compensa-
tion.

A related question that can be addressed in equilibrium models is whether varia-

52The Pierce (2001) estimate is based on benefit average costs, which should be lower than how much
they are valued.
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tion in wages across firms is explained by compensating variation due to differences
in amenity provision. If so, then AKM firm effects or inter-industry wage differentials
may be fully compatible with a competitive model. Krueger and Summers (1988) was
an early paper to test this mechanism, comparing the variance of industry wage differ-
entials with and without working condition controls. They found no support that inter-
industry wage differentials were explained by differences in non-pecuniary benefits. In
the Taber and Vejlin (2020) model, when moves are based soley on wages, the variance
of wages is reduced by 16% relative to when moves are also based on amenities. Sorkin
(2018) decomposes AKM variation in wages due to compensating differentials by at-
tributing the residual variance from a regression of the firm wage on the RankCentrality
measure of firm value. The idea is that holding value fixed, any variation in the wage
is offsetting amenities. Concretely, assume that the true data-generating process (DGP)
for firm wages is w j = β Vj + ε j, where total firm utility is defined as Vj = w j + γ a j.

Matching terms from this identity implies β = 1 and ε j =−γ a j. Sorkin estimates this
relationship in the data and interprets the estimated residual variance as the contribu-
tion of non-wage amenities to overall wage dispersion. This exercise corresponds to
the thought experiment of how much wages would vary if amenities were equalized at
a given target utility level, in which case compensating differentials can only increase
wage dispersion. If instead amenities are equalized across all firms, the change in wage
variance becomes Var(ε j)−2γ Cov

(
Vj, a j

)
. Since search and monopsony models such

as Hwang, Mortensen, and Reed (1998) predict a positive covariance of firm value and
amenities, this second term is positive. Therefore, depending on the relative sizes of the
residual variance and the covariance term, compensating differentials can contribute
either positively or negatively to the overall variance of wages.

9 Conclusion

The recent literature on non-wage amenities summarized in this chapter points to several
main conclusions:

• Models that incorporate imperfect competition are necessary to evaluate how workers
value amenities, and how amenities affect the wage structure.

• Omitted measures of job and firm productivity are a primary source of bias in com-
pensating differential estimates when there is rent sharing or other frictions.

• Revealed-preference approaches tend to be more robust to deviations of perfect com-
petition when estimating preferences over amenities.
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• Survey-based DCEs are a viable way to elicit preferences over workplace character-
istics over which workers have well-articulated preferences.

Given the recent literature, these points may be relatively uncontroversial. However,
these conclusions are a major departure from the conventional wisdom at the time of
Rosen’s (1986) seminal Handbook Chapter on equalizing differences where the focus
was mostly on hedonics. While the relevance of imperfect competition is clear, that does
not diminish the importance of the competitive benchmark. The logic of the competitive
benchmark still operates in all of the models we reviewed. Agents still optimize, and
market equilibria are determined, in part, by the primitives of the competitive model.
However, without accounting for potential market power and frictions, the competitive
model loses empirical relevance.

These conclusions are also compatible with compensating differentials. They clarify
why non-wage amenities can have important implications for the wage structure even if
naive tests fail to detect them. Though rare, designs that take seriously market structure
and confounders do find that jobs with more attractive attributes have offsetting wages.
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