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Firms as Wage-Setters

■ In DMP, workers and firms bargain over wages 

■ Are wages really bargained in the data?
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Hall and Krueger (2012)
■ Survey 1,300 workers 

■ Q: When you were offered your job, did your employer make a “take-it-or-leave-it” 
offer or was there some bargaining that took place over the pay?  
 
A: 33% bargained 
• 25% for women. 85% for professional degree. 6% for blue-color workers. 

■ Q: At the time that you were first interviewed for your job, did you already know 
exactly how much it would pay? 
 
A: 23% yes 
• 23% for women. 14% for professional degree. 57% for blue-color workers.
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Wage Posting
■ In the data, the majority of workers receive “take-it-or-leave-it” offers 

■ Now let us replace wage bargaining with wage posting in DMP
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Wage Bargaining Wage Posting

Random Search DMP Today

Directed Search Competitive Search 
(Moen, 1997)



Diamond (1971) Paradox
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DMP with Wage Posting

■ Consider the DMP model in continuous time with discount rate  

■ To focus on the wage settings, let us assume  and  are both exogenous 

■ The unemployed workers value function: 

■ The employed workers: 

■ Workers accept the job offer if , where 

r > 0

q f

w ≥ wR E(wR) = U
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rU = b + f max{E(w) − U,0}

rE(w) = w + s(U − E(w))



Extreme Monopsony
■ Firms decide what wages to offer to workers: 

 
 

■ What is the firm’s optimal wage setting? Clearly,  
 
since there is no reason to offer  

■ Solving for , the unique equilibrium features all firms offering  

■ Firms set wages so that workers are exactly indifferent to unemployment 
— an extreme form of “monopsony”

w > wR

wR
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rJ(w) = z − w + s(V − J(w))

rV = − c + max
w

q𝕀(w ≥ wR)J(w)

w = wR

w = wR = b



Heterogenous Firms
■ The result extends even when firms have differing productivity  

■ Workers problem unchanged 

■ Firms with productivity  solves 
 
 

■ Despite firm heterogeneity,  

zi ∈ {z1, z2, …, zJ}

zi
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rJi(wi) = zi − wi + s(Vi − Ji(wi))

rVi = − c + max
wi

q𝕀(wi ≥ wR)Ji(wi)

wi = wR = b for all i



Diamond Paradox
■ This is called Diamond (1971) Paradox 

■ Why is this a paradox? Why is this surprising? 

■ A tiny deviation from perfect competition results in an extreme form of monopsony! 

■ Firms capture all the rents even when  

■ This spurred subsequent research. Solutions to the paradox: 
1. Heterogenous workers (Albrecht and Axell, 1984) 
2. Multiple job applications at a time (Burdett and Judd, 1983) 
3. On-the-job search (Burdett and Mortensen, 1998) 

■ We focus on Burdett and Mortensen (1998) 

f, q → ∞
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On-the-Job Search in the Data
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Burdett and Mortensen (1998) Model
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Environment
■ Let us introduce on-the-job to the previous model 

■ Unemployed workers receive job-offer at the arrival rate  

■ Employed workers receive at a rate  

■ Firms with measure  post  vacancy (exogenous) and meets worker at rate  

■ Firms post wage  that applies to all employees (“firm-wage”) 

■ Start from homogenous firm case with common productivity  

■ In the background, think of a matching function that determines :

fU

fE ≡ ζfU

m ≡ 1 v q

w

z

( fU, fE, q)
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fU =
M(u + ζ(1 − u), v)

u + ζ(1 − u)
, fE = ζ

M(u + ζ(1 − u), v)
u + ζ(1 − u)

, q =
M(u + ζ(1 − u), v)

v



Worker’s Problem

■ Unemployed workers value function: 

■ Employed workers with wage : 

■ Worker’s policy: 

• Unemployed: accept job offer iff  where  
• Employed: accept job offer iff 

w

w ≥ wR E(wR) = U
w′￼ ≥ w

13

rU = b + fU ∫ [max{E(w) − U,0}] dG(w)

rE(w) = w + fE ∫ max{E(w′￼) − E(w),0}dG(w′￼) − s(E(w) − U)

(1)

(2)



Reservation Wage w
■ Combining , (1), and (2), 

 
 
 
 
 
 
where the second line uses integration by parts 

■ When ,  

■ When ,  because accepting a job offer lowers future job opportunity

E(wR) = U

fU = fE wR = b

fU > fE wR > b
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wR − b = ( fU − fE) ∫
wR (E(w) − U)dG(w)

= ( fU − fE) ∫
wR E′￼(w)(1 − G(w))dw

= ( fU − fE) ∫
wR

1 − G(w)
r + s + fE(1 − G(w))

dw



Worker Flow
■ The unemployment flow equation is 

■ In the steady state,  

■ Let  be the mass of employed workers with wages below , which follows 

■ In the steady state,  
 
 
 
 
where  is the fraction of employed workers with wages below 

H̃(w) w

H(w) = H̃(w)
1 − u w
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∂tu = − fUu + s(1 − ut)

u =
s

s + fU

∂tH̃(w) = fUG(w)u − [s + fE(1 − G(w))]H̃(w)

G(w) = (s + fE)H̃(w)

fUu + fEH̃(w)

= (s + fE)H(w)
s + fEH(w) (▪︎)



Labor Supply Function
■ Employment at a firm offering wage  evolves 

 
 
where  is prob. of meeting  conditional on meeting  

■ In the steady state 
 
 
 
 

■  is increasing in : higher   poach more and poached less

w ≥ wR

χ ≡ u/(u + ζ(1 − u)) = s/(s + fE) u

l(w) w w ⇒
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∂tl(w) = qv(χ + (1 − χ)H(w)) − sl(w) − fEl(w)(1 − G(w))

l(w) =
qv(χ + (1 − χ)H(w))

s + fE(1 − G(w))

=
qv(s + fEH(w))2

s(s + fE)2



Search Friction as a source of Monopsony Power
■ To simplify our life, let  so that the firms maximize the steady-state profit 

■ The firms solve 
 

• At this point, this is a typical “monoposny” problem: 
 firms face an upward-sloping labor supply curve. 

• Search frictions give a full microfoundation of  
• Other microfoundations: 

- Job differentiation 
- Firm-specific skill

r → 0

⇒
l(w)
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max
w

(z − w)l(w)



Frictional Wage Dispersion
■ Since all firms are homogenous, tempted to think we have a symmetric eqm 

■ Suppose all firms offer  

■ Then, a firm can profitably deviate by offering  

• The cost of doing so is continuous in  
• But it attracts a discontinuously larger amount of workers 

- The firm can poach all workers 
- No other firms can poach workers from the firm 

■ All firms offering  cannot be an eqm because  gives higher profits 

■ Therefore, equilibrium has to be a mixed-strategy equilibrium 
 “Frictional wage dispersion”

w = ŵ ∈ [wR, z)

ŵ + ϵ

ϵ

ŵ ≥ z w = z − ϵ

⇒
18



Smooth Wage Distribution

More generally, 

1. There cannot be a mass point 
 

2. There cannot be a gap
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Wage Offer Distribution
■ Firms with the lowest wage offer must find it optimal to offer  

■ All the other firms must be indifferent to offering , implying 

■ Since , the wage distribution  must satisfy 
 
 

■ Plug back into (▪︎) to recover the expression for offer distribution :

wR

wR

l(wR) = qvs/( fE + s)2 H(w)

G(w)
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(z − w)l(w) = (z − wR)l(wR) for all w in the support of G

G(w) = (1 + s/fE) 1 −
(z − w)
(z − wR)

H(w) =
s
fE

(z − wR)
(z − w)

− 1 for w ∈ [wR, w̄], where G(w̄) = 1



Numerical Example
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Numerical Example ( )fE → ∞
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Numerical Example ( )fE → 0
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Heterogenous Firms
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Heterogenous Firm Setup
■ Now the firm’s productivity distribution is given by  with full support  

■ Firms with  cannot make profits so inactive. Let  

■ Firms with  solve 

■ The first-order condition is ( ) 
 
 
 

■ At this point, what do we know about ? — Nothing… big fixed point problem!

J0(z) z ∈ [0,∞)

z < wR J(z) ≡
J0(z) − J0(wR)

1 − J0(wR)

z ≥ wR

ϵw ≡ l′￼(w)w/l(w)

H(w)
25

max
w

(z − w)l(w)

z − w
w

wage markdown

=
1
ϵw⏟

inv. LS elasticitiy

(z − w)2(s + fEH(w))fEH′￼(w)
= (s + fEH(w))2

⇒

( ⋆ )



Rank-Preserving Property
■ Realize that  is strictly supermodular in  

  is strictly increasing in  

■ Then we know a lot about  

■  is the fraction of employed workers at firms productivity below : 
 
 
 
where we used (▪︎) and  

■ It is this rank-preserving property that makes all the job-ladder models tractable 
• More productive firms poach from less productive firms

( ⋆ ) (z, w)
⇒ w(z) z

H(w)

Ĥ(z) z

G(w(z)) = J(z)
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H(w(z)) = Ĥ(z) ⇒ H′￼(w(z))w′￼(z) = Ĥ′￼(z)

Ĥ(z) =
sJ(z)

s + fE(1 − J(z))



Solving for Wage Function

■ Combine with FOCs to obtain an ODE that characterizes the equilibrium wage 
 
 

■ Solving the ODE with boundary condition  
 
 
 

■ One can check the second-order condition is also satisfied

w(wR) = wR

27

w′￼(z) = (z − w(z))
2fEĤ′￼(z)

(s + fEĤ(z))

w(z) =
s2wR + ∫ z

wR 2z̃(s + fEĤ(z̃))fEĤ′￼(u) dz̃

(s + fEĤ(z))2



Understanding Wage Function
■ One can rewrite the wage function as 

 
 
 
 
where  is the cdf of the quadratic of productivity distribution: 
  
 
weighted by employment and search intensity 

■ Firms pay the average productivity among firms below them on the job ladder! 
• Why quadratic? — Retention and hiring! 

■ It turns out this is a very general formula behind the BM-type model

̂F2(z)
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w(z) =
̂F2(wR)wR + ∫ z

wR z̃d ̂F2(z̃)
̂F2(z)

≡ 𝔼 ̂F2[z̃ | z̃ ≤ z]

̂F2(z) ≡ (u + (1 − u)ζĤ(z))2



Closed Form Solution

■ Using , one can express the wage function in closed forms 
 
 
 
which is the expression in the original paper 

■ I used to teach this way, but this is much harder to see the economics behind it… 

Ĥ(z) = sJ(z)
s + fE(1 − J(z))
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w(z) = z − ∫
z

wR

(s + fE(1 − J(z)))2

(s + fE(1 − J(z̃)))2 dz̃



Numerical Example
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Lognormal 
(truncated)



Wage Distribution
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Spillover Effect of Minimum Wage 

— Engbom and Moser (2021) 
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Earnings Inequality and Minimum Wage in Brazil
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3.3 Evolution of Brazil’s minimum wage over time

Motivated by the remarkable decline in wage inequality in Brazil, we now turn to a salient change

in the labor market over this period: the rise in the minimum wage.13 Brazil’s real minimum wage

deteriorated under high inflation between 1985 and 1995. A switch in government towards the end

of this period ignited a gradual ascent of the wage floor from BRL 500.4 in 1996 to BRL 1,142.3 (both

in constant September 2021 BRL) in 2018, which corresponds to a 128.3 percent increase in real terms.

Accounting for aggregate productivity growth, this corresponds to a 58.6 log points real productivity-

adjusted rise in the minimum wage over 23 years. To put these numbers into context, the minimum

wage as a fraction of the median wage increased from around 30.3 percent in 1996 to around 55.6 percent

in 2018. Figure 2 shows a strong negative comovement between the minimum wage and the standard

deviation of log wages between 1996 and 2018, with a time series correlation of �0.973.14

Figure 2. Evolution of wage inequality and the real minimum wage
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Notes: Statistics are for males of age 18–54. Real minimum wage is the annual mean of the monthly time series. The correlation between the
two time series is �0.973. Source: RAIS and IPEA, 1996–2018.

4 Cross-sectional heterogeneity and the minimum wage

While the correlation between the minimum wage and aggregate wage inequality documented in the

previous section is striking, we caution against interpreting this pattern as causal. For example, the

changes in wage inequality over this period might have been driven by simultaneous changes in macroe-

conomic conditions or secular trends in the wage distribution unrelated to Brazil’s federal minimum

13While Brazil enacted other social policies during the mid-2000s, such as a transfer program for needy families (Bolsa
Família) launched in 2003, the minimum wage predates many of these policies.

14Appendix B.1 shows an equally striking comovement between earnings inequality and the minimum wage over the ex-
tended period from 1985–2018.
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Minimum Wage Spillover
■ Interpret  as the minimum wage 

■ Suppose we raise . What would happen to the wage distribution?

wR

wR
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Falling Inequality at the Bottom
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Table 1. Summary statistics for three datasets, 1996 and 2018

Mean St.d. Mean St.d.
Panel A. Administrative linked employer-employee data (RAIS) 1996 2018
Age 32.74 9.30 34.71 9.57
Years of education 8.90 3.92 11.06 2.93
Real wage (log real BRL) 7.31 0.86 7.60 0.67
Observations (millions) 17.20 27.60

Panel B. Cross-sectional household survey data (PNAD) 1996 2012
Real wage in formal sector (log real BRL) 7.01 0.81 7.13 0.62
Real wage in informal sector (log real BRL) 6.26 0.81 6.56 0.78
Employment rate 0.95 0.95
Formal employment share 0.68 0.76
Observations (thousands) 74.5 86.0

Panel C. Longitudinal household survey data (PME) 2002 2012
Transition rate nonemployed-employed 0.08 0.10
Transition rate employed-nonemployed 0.05 0.04
Observations (thousands) 94.3 121.2

Notes: Years of education are set to 0 for illiterate, 3 for some primary school, 5 for primary school, 7.5 for some middle school, 9 for middle
school, 11 for some high school, 12 for high school, 14 for some college, and 16 for at least a bachelor’s degree. Real wage refers to mean actual
(in RAIS) or usual (in PNAD) monthly earnings in constant December 2018 BRL. Employment comprises domestic workers, employees, and
self-employed. Formal employment is employment with a legal work permit. Monthly transition rates are between employment (i.e., formal
employment) and nonemployment (i.e., informal employment + unemployment). Source: RAIS, 1996 and 2018, PNAD, 1996 and 2012, and
PME, 2002 and 2012.

Figure 1. Lower- and upper-tail inequality

A. Histogram of log wages, 1996
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B. Histogram of log wages, 2018
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C. Percentile ratios, 1996–2018
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Notes: Panels A and B show histograms of log wages in multiples of the current minimum wage based on 60 equispaced bins for population
of male workers aged 18–54 for 1996 and 2018, respectively. Panel C plots lower- and upper-tail wage inequality, as measured by the P50/P10
and the P90/P50 log wage percentile ratios between 1996 and 2018, normalized to 1.0 in 1996. Source: RAIS, 1996–2018.

able characteristics—as demonstrated in Appendix A.4—we estimate two-way fixed effect specifications

based on the econometric framework by AKM. The goal of the exercise is to assess whether firms are a

key channel through which the distribution of wages may change over time, either through adjustments
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Data versus Model
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Figure 8. Model vs. data: Estimated minimum wage effects throughout the wage distribution

A. Relative to P50

-0
.4

-0
.2

0.
0

0.
2

0.
4

0.
6

0.
8

M
ar

gi
na

l e
ff

ec
t o

f m
in

im
um

 w
ag

e

St.d. 10 20 30 40 50 60 70 80 90 100
Earnings percentile

Data Model

B. Relative to P90
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Notes: Figure plots estimates of the marginal effects from equation (3) based on the regression framework in equation (2) estimated across
Brazil’s 27 states. Results from four separate estimates are shown, namely the combination of two base percentiles—P50 (panel A) and P90
(panel B)—and two sources—the RAIS data (black circles and solid lines) and model-simulated data (magenta crosses and dashed lines). All
estimates use a specification that includes state fixed effects in addition to state-specific linear time trends, estimated using OLS. Within each
panel, the estimated marginal effect of the minimum wage on the standard deviation of log earnings (“St.d.” on the x-axis) and on wages
between the 10th and the 90th percentiles of the wage distribution (“10” to “90” on the x-axis) relative to some base wage p are shown. Panel A
uses the 50th percentile as the base wage (i.e., p = 50), while panel B uses the 90th percentile as the base wage (i.e., p = 90). The four error bars
and four shaded areas represent 99 percent confidence intervals based on regular (i.e., not clustered) standard errors. Source: RAIS, 1996–2018,
and model.

less, while spillover effects of the minimum wage are far-reaching, their absolute magnitude is moderate

above the median.44

Table 5 compares the model-implied effects of the minimum wage on wage inequality with the raw

data in 1996 and 2018. The rise in the minimum wage accounts for 45 percent of the empirical decline in

the variance of log wages over this period.45 Consistent with the observed data pattern, the minimum

wage causes a greater absolute reduction in lower-tail inequality relative to upper-tail inequality. It also

accounts for a larger share of the decline in lower-tail inequality measures, varying from 73 percent of

the P5-P50 log wage percentile ratio to 49 percent of the P25-P50 log wage percentile ratio. The minimum

wage still has effects on upper-tail inequality, explaining 18 percent of the empirical compression in P50-

P90 log wage percentile ratio. The reason for this is that spillover effects reach above the median of the

wage distribution.

One potential concern may be that the job ladder model captures well the labor market experiences of

young workers, but is a worse description of the dynamics of older workers. To speak to such concerns,

44The reason why the effect of the minimum wage in Figure 8 appears to be close to linear while that in panel B of Figure 9
is distinctly convex is because the former plots the marginal effect while the latter shows the (nonlinear) total effect.

45Appendix E.2 shows the contribution of the minimum wage toward changes over time in an AKM wage decomposition.
Through the lens of the reduced-form AKM wage equation, the minimum wage acts through a combination of compression in
person fixed effects, compression in firm fixed effects, and a declining covariance between the two.
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st = βp[ln wmin
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st ] + γp
s + δp

s × t + ϵp
st



Impact of Minimum Wage on Inequality

■ Increases in MW account for 45% of the reduction in  over 1996-2018 Var(ln w)

37
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Table 5 compares the  model-implied effects of the minimum wage on wage 
inequality with the raw data in 1996 and 2018. The rise in the minimum wage 
accounts for 45 percent of the empirical decline in the variance of log wages over 
this period.45 Consistent with the observed data pattern, the minimum wage causes 
a greater absolute reduction in  lower-tail inequality relative to  upper-tail inequality. 
It also accounts for a larger share of the decline in  lower-tail inequality measures, 
varying from 73 percent of the  P5:P50 log wage percentile ratio to 49 percent of the 
 P25:P50 log wage percentile ratio. The minimum wage still has effects on  upper-tail 
inequality, explaining 18 percent of the empirical compression in  P50:P90 log wage 
percentile ratio. The reason for this is that spillover effects reach above the median 
of the wage distribution.

One potential concern may be that the job ladder model captures well the labor 
market experiences of young workers, but is a worse description of the dynamics 
of older workers. To speak to such concerns, online Appendix E.3 reestimates the 
model for the population of only young workers aged 18–36, and resimulates the 
effects of the same minimum wage increase as previously considered. We reach 
qualitatively similar conclusions for the set of young workers and, if anything, !nd 
more  far-reaching spillover effects of the minimum wage, as expected given the rel-
atively high bindingness of the minimum wage among young workers.

45 Online Appendix E.2 shows the contribution of the minimum wage toward changes over time in an AKM 
wage decomposition. Through the lens of the  reduced-form AKM wage equation, the minimum wage acts through 
a combination of compression in person !xed effects, compression in !rm !xed effects, and a declining covariance 
between the two.

Figure 9. Impact of the Minimum Wage throughout the Wage Distribution in the Model

Notes: Impact of a 57.7 log point increase in the minimum wage in the estimated model. Panel A shows the CDFs 
of log wages in 1996 and 2018, respectively, conditional on wages at or above the minimum wage. Panel B shows 
the change in log wages due to the minimum wage conditional on the CDF in each year. 

Source: Authors’ calculations
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Taking Stock

■ Burdett-Mortensen model with wage-posting instead of bargaining 
• Tractable framework with many empirical predictions 

■ However, we have restricted the contract space significantly 
• firms offer a single wage to all workers 
• why not wage-tenure contracts? 
• why not counteroffer? 

■ Active research going on how firms set wages 

38


