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Motivation

- 17.1%: latest measure of the UK hourly gender wage gap, mean,
all employees, excl. overtime (ASHE/ONS, 2018)

- To explain the gap, many studies have used longitudinal
(household survey-based) data, addressing the influence of
unobservable fixed worker characteristics (e.g. ability or
preferences).

- But they fail to address firm-specific wage premiums (e.g. Costa
Dias et al., 2018), which account for a significant part of UK
economy-wide wage variation (e.g. Schaefer & Singleton, 2019).

- Explanations from these studies could be confounded by
gender-firm sorting (assignment) patterns over wage premia,
correlated with other observable characteristics of jobs, e.g.
tenure/experience.
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Contribution

- Previously, no UK-representative evidence that the gender wage
gap is (not) a within-firm (between-firm) issue.

- We ask:

How much of the UK hourly wage gap is accounted for by the
differences in whom men and women worked for?

Or:

How much is explained by the relative wage premiums that firms
paid their employees, before/after adjusting for the influence of
other factors, such as occupations and tenure?

Related literature
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Method: AKM-type wages model and Decompositions
FULL AKM-type wages model:

y = Xβββ +Aααα +Fφφφ +εεε (1)

y : (N×1), contains natural logarithm of the real hourly wage, wit,
for individual i in period t

X: (N× k), contains k time-varying covariates

βββ : (k×1) coefficients

A & F: (N×P) and (N×L) designs for P workers and L firms,
respectively.

ααα: (P×1), contains worker fixed effects, αi

φφφ : (L×1), contains firm fixed effects, φJ(it)

εεε: (N×1) error terms, εit

Key points on the AKM method
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Oaxaca-style decomposition of raw pay gap

Contribution of firm-specific wage effects (gender different allocation
or workers) given by:

Eit

[
φ̂J(it)| i ∈M

]
−Eit

[
φ̂J(it)| i ∈ F

]
.
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Gelbach decomposition of the covariate-adjusted pay gap

γγγ
′y︸︷︷︸

δ̂y=λ̂ - Adjusted gender pay gap

= γγγ
′Ẫααα︸ ︷︷ ︸

δ̂a - dist. worker effs

+ γγγ
′F̂̃φφφ︸︷︷︸

δ̂f - gender-firm sorting

+ γγγ
′
ε̂εε︸︷︷︸

=0

or

δ̂f = Eit

[̂̃
φ J(it) | i ∈M, X̃β̃ββ

]
−Eit

[̂̃
φ J(it) | i ∈ F, X̃β̃ββ

]
Details on Gelbach approach
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Data: ASHE 2002-16

- 1% representative and random sample of employees, which is a
panel without attrition and with replacement

- Accurate source of wage, hours, occupation data: employer
survey and payroll based

- In the annual cross-section, have on average 1% of a firm’s
employees

- What is the “Firm”: An enterprise, i.e. Tesco, not Tesco Metro
on the High Street
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Data continued:

- Main dep. variable: log real hourly wage rate, excl. any overtime

- Focus on all employees, age 25-64

- Largest connected set, 2002-16, is 87% of all ASHE job obs

X̃: time-varying — age, tenure (poly), full-time status, occupation,
firm size (n. employees), year effs; time-invariant — industry
sector and private sector status of the firm, employee birth cohort
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Analysis & ‘Whole’ ASHE sample descriptives, 2002-16

Analysis Whole ASHE

Male Female Male Female
(1) (2) (3) (4)

Mean ln real hourly wage (2002 prices) 2.44 2.21 2.41 2.20
Median ln real hourly wage 2.38 2.13 2.34 2.11

St. dev. of ln real hourly wage 0.55 0.49 0.55 0.48
Mean ln real weekly earnings 6.02 5.52 5.99 5.49

Share employed full-time 0.92 0.59 0.91 0.58
Mean usual weekly hours if full-time 38.5 36.8 38.7 36.9
Mean usual weekly hours if part-time 19.5 19.5 19.4 19.4

Share in private sector 0.71 0.48 0.74 0.53
Share female at firm 0.31 0.71 0.27 0.74

Mean age (years) 42.6 42.9 42.8 42.9
St. dev. of age 10.4 10.2 10.6 10.3

Mean firm size (n. of employees) 18,343 20,245 15,574 18,049
St. dev. of firm size 42,410 42,110 39,617 40,251

N-person-years 824,806 883,326 971,830 990,997
N-persons 131,903 124,501

N-firms 86,779
All employees age 25-64. £2002. Pay and hours worked excludes overtime.
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Mobility — Distribution of the number of different jobs held by
workers in the Analysis sample (%), 2002-16

Worker weighted

Number of jobs Male Female Total
(1) (2) (3)

1 48.17 48.20 48.18
2 30.52 30.56 30.54
3 14.13 14.16 14.14
4 5.20 5.14 5.17
5 1.52 1.49 1.51
6 0.37 0.38 0.37

7+ 0.10 0.08 0.09

N-persons 124,501 131,808 256,304
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Male and female distributions of employee real hourly wages

£2002. Uses the “Analysis sample”. Both male and female kernel densities were estimated with a bandwidth of one log point.
The top and bottom one percent of male and female hourly earners are not displayed.

Whole ASHE vs Analysis sample - Male Whole ASHE vs Analysis sample - Female Raw pay gap time series
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Main results (I):
Oaxaca-style decomp. of mean raw log gender pay gap (shares)

Raw gap - Eit [wit| i ∈M]−Eit [wit| i ∈ F] 0.223

Worker -Eit [α̂i| i ∈M]−Eit [α̂i| i ∈ F] 0.187
(0.84)

Firm - Eit

[
φ̂J(it)| i ∈M

]
−Eit

[
φ̂J(it)| i ∈ F

]
0.036
(0.16)

Occupations 0.013
(0.06)

Other -0.014
(-0.06)

Notes.- author calculations using the ASHE 2002-16, all employees age 25-64. £2002. Pay excludes overtime. Estimated Full
wages model includes covariates in xit for year fixed effects, squared and cubed terms for employee age, a cubic polynomial for
employee tenure, a cubic polynomial for firm size (n. of employees) and a dummy variable for whether a worker was employed

full-time. AKM estimation summary AKM variance decomposition

12 / 26



Distributions over employees of estimated FIRM-SPECIFIC fixed
real hourly wage effects:
var(φ̂J(it))/var(wit) = 12.2%
covar(wit, φ̂J(it))/var(wit) = 13.2%

£2002. Wage effects estimated as per FULL regression model. Kernels estimated with a bandwidth of one log point. Top and

bottom one percent of the estimated effects (not gender-specific) are not displayed. Worker-specific effects 13 / 26



Distributions over PUBLIC SECTOR employees of estimated
FIRM-SPECIFIC fixed real hourly wage effects

£2002. Wage effects estimated as per FULL regression model. Kernels estimated with a bandwidth of one log point. Top and
bottom one percent of the estimated effects (not gender-specific) are not displayed.
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Distributions over PRIVATE SECTOR employees of estimated
FIRM-SPECIFIC fixed real hourly wage effects

£2002. Wage effects estimated as per FULL regression model. Kernels estimated with a bandwidth of one log point. Top and
bottom one percent of the estimated effects (not gender-specific) are not displayed.
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Distributions over FINANCIAL SERVICES employees of estimated
FIRM-SPECIFIC fixed real hourly wage effects

£2002. Wage effects estimated as per FULL regression model. Kernels estimated with a bandwidth of one log point. Top and
bottom one percent of the estimated effects (not gender-specific) are not displayed.
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Distributions over MANUFACTURING employees of estimated
FIRM-SPECIFIC fixed real hourly wage effects

£2002. Wage effects estimated as per FULL regression model. Kernels estimated with a bandwidth of one log point. Top and
bottom one percent of the estimated effects (not gender-specific) are not displayed.
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Distributions over NON-FINANCAIL (SALES) SERVICES
employees of estimated FIRM-SPECIFIC fixed real hourly wage
effects

£2002. Wage effects estimated as per FULL regression model. Kernels estimated with a bandwidth of one log point. Top and
bottom one percent of the estimated effects (not gender-specific) are not displayed.
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Distributions over PART-TIME employees of estimated
FIRM-SPECIFIC fixed real hourly wage effects

£2002. Wage effects estimated as per FULL regression model. Kernels estimated with a bandwidth of one log point. Top and
bottom one percent of the estimated effects (not gender-specific) are not displayed.
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Distributions over FULL-TIME employees of estimated
FIRM-SPECIFIC fixed real hourly wage effects

£2002. Wage effects estimated as per FULL regression model. Kernels estimated with a bandwidth of one log point. Top and
bottom one percent of the estimated effects (not gender-specific) are not displayed.
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Distributions over employees AGED 25-34 of estimated
FIRM-SPECIFIC fixed real hourly wage effects

£2002. Wage effects estimated as per FULL regression model. Kernels estimated with a bandwidth of one log point. Top and
bottom one percent of the estimated effects (not gender-specific) are not displayed.
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Distributions over employees AGED 35-44 of estimated
FIRM-SPECIFIC fixed real hourly wage effects

£2002. Wage effects estimated as per FULL regression model. Kernels estimated with a bandwidth of one log point. Top and
bottom one percent of the estimated effects (not gender-specific) are not displayed.
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Distributions over employees AGED 45-54 of estimated
FIRM-SPECIFIC fixed real hourly wage effects

£2002. Wage effects estimated as per FULL regression model. Kernels estimated with a bandwidth of one log point. Top and
bottom one percent of the estimated effects (not gender-specific) are not displayed.
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Distributions over employees AGED 55-64 of estimated
FIRM-SPECIFIC fixed real hourly wage effects

£2002. Wage effects estimated as per FULL regression model. Kernels estimated with a bandwidth of one log point. Top and
bottom one percent of the estimated effects (not gender-specific) are not displayed.
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Main results (II):
Gelbach decomposition of adjusted log gender pay gap (shares)

Most More Preferred Firm &
Basic model Basic model results Occ. sorting

(1) (2) (3) (4)

Worker effects - δ̂a 0.183 0.138 0.146 0.148
(0.864) (0.927) (0.943) (0.871)

Gender-firm sorting - δ̂f 0.034 0.011 0.008 0.012
(0.159) (0.074) (0.057) (0.070)

Gender-occ. sorting - δ̂o 0.012 0.010
(0.056) (0.060)

Other observable chars. - δ̂x -0.017
(-0.079)

Adjusted gap - δ̂y or λ̂ 0.211 0.149 0.145 0.170

Observed gap (mean) 0.223 0.223 0.223 0.223

Notes.- author calculations using the ASHE 2002-16, all employees age 25-64. £2002. Pay excludes overtime. Gap is male

minus female. Robustness: Sub-periods Gender-occupation sorting Hourly vs. weekly wages
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Concluding remarks
- The clear majority of what explains the wage gap shows up

within firms.

- Justifies recent pay-reporting legislation, even if the data reported
by firms is in fact mostly useless for explaining pay gaps.

- Areas for future research:
- Unpicking what goes on within firms/job roles: e.g. wage

bargaining effects (Card et al., 2016:QJE; Bruns et al.,
2019:AEJ:Applied), wage growth on the job (Goldin et al.,
2017:AER; Barth et al., 2017), workplace/management practices

- Impacts of the National Minimum (Living) Wage
Additional results - from the perspective of similarly paid men and women
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Appendix
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Related Literature

- Workplace Composition/Segregation:
Groshen et al. (1991:JHR), Bayard et al. (2003:JLabEcon)

- UK gender pay gap and workplace characteristics:
Mumford & Smith (2007:ManchSch; 2009:OxEP)

- Firm and worker specific factors - employer-employee
longitudinal data studies: Portugal - Cardoso et al.
(2016:OxEP), Card et al. (2016:QJE); Germany - Bruns
(2018:AEJ:Applied); US - Sorkin (2017:AER)

- Methods: Abowd et al. (1999:Emetrica), Abowd et al. (2002),
Card et al. (2013:QJE), Card et al. (2018:JLabEcon), Gelbach
(2016:JLabEcon), Cardoso et al. (2016:OxEP)

RETURN
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Some key points on AKM-type models:

- φJ(it) only comparable within mobility groups (connected sets of
firms and workers). Solution: focus on largest connected set.

- Assumes additive separability of worker- and firm- fixed effects.

- OLS estimation requires a strong exogenous mobility
assumption: E [εεε | X,A,F] = 0. Exog. Mobility Analysis

- Fixed effect estimation error and decomposition of varit(wit):
- varit(α̂i) & varit(φ̂J(it)) biased up

(Krueger & Summers, 1988: EMetrics)
- covarit(α̂i , φ̂J(it)) & corrit(α̂i , φ̂J(it)) biased down (Andrews et

al., 2008:JRSS;2012:ELetters) - a.k.a. “Limited mobility bias.”

- For decompositions of sub-group mean differences, we rely on
large sample properties.

RETURN
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Event-study example: average employee log real hourly wages before
and after switching firms, depending on the quartile of co-worker
average wages in the old and new firms

‘X to Y” indicates the quartile of co-worker wages for employees in their old firm (X), from which they move to their new firm
(Y). Each event series uses firm switchers throughout the ASHE 2002-2016 Analysis sample period. The numbers of observed

switching events studied are as follows: “1 to 1”, 3,498; “1 to 2”, 1,073; “1 to 3”, 705; “1 to 4”, 458. RETURN
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The Gelbach decomposition - some intuition

Rewriting FULL model:

y = Xβββ +gλ̃ +Wβwβwβw +Aα̃αα︸ ︷︷ ︸
=Aααα

+Zβzβzβz +Fφ̃φφ︸ ︷︷ ︸
=Fφφφ

+εεε (2)

g: dummy variable for male

λ̃ : wage gap conditional on other factors in the model

W & Z: contain p and l time-invariant observable worker and firm
characteristics, respectively

α̃αα and φ̃φφ : measure the effects on employee wages of unobserved (or
residual) fixed worker and firm factors
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The Gelbach decomposition - some intuition

BASIC wages model:

y = gλ + X̃β̃ββ + e . (3)

λ : adjusted gender wage gap

X̃ = [X,W,Z]
e: contains N error terms, eit

Decomposition:

γγγ
′ =

(
g′
[
I− X̃(X̃′X̃)−1X̃′

]′ [
I− X̃(X̃′X̃)−1X̃′

]
g
)−1

g′
[
I− X̃(X̃′X̃)−1X̃′

]′
=
(
ΓΓΓ
′
ΓΓΓ
)−1

ΓΓΓ
′ ,

RETURN
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Raw gender pay gap since 2002

Gap between MEAN log real hourly wage of UK men and women,
2002-2016

All employees aged 25-64. Pay excludes overtime. Gap is male minus female. Shaded area represents an official UK recession.
Median and BHPS/USS RETURN
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Gap between the MEDIAN log real hourly wage of UK men and
women, 2002-2016

All employees aged 25-64. Pay excludes overtime. Gap is male minus female. Shaded area represents an official UK recession.
RETURN
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Male distributions of employee real hourly wages -
Whole ASHE vs Analysis Sample

£2002. Estimated with a bandwidth of one log point. The top and bottom one percent of hourly earners are not displayed.
Whole ASHE vs Analysis sample - Female RETURN
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Female distributions of employee real hourly wages -
Whole ASHE vs Analysis Sample

£2002. Estimated with a bandwidth of one log point. The top and bottom one percent of hourly earners are not displayed.
Whole ASHE vs Analysis sample - Male RETURN
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AKM - Full Wages Model Estimation Summary, 2002-16

Male Female Total
(1) (2) (3)

St. dev. of log wages - stdit(wit) 0.55 0.49 0.53

N: worker-years 824,806 888,326 1,708,132
P: workers 131,903 124,501 256,404

F: firms 86,779

St. dev. worker effects - stdit(α̂i) 0.45 0.38 0.43
St. dev. firm effects - stdit(φ̂J(it)) 0.2 0.17 0.18
St. dev. observables - stdit(x′itβ̂ββ ) 0.51 0.43 0.48

Correlation - corrit(α̂i , φ̂J(it)) -0.022 -0.013 0.004

Adjusted R2 0.903
RMSE 0.165

Notes.- author calculations using the ASHE 2002-16, all employees age 25-64. £2002. Pay excludes overtime. Estimated Full
wages model includes covariates in xit for year fixed effects, squared and cubed terms for employee age, a cubic polynomial for
employee tenure, a cubic polynomial for firm size (n. of employees) and a dummy variable for whether a worker was employed

full-time. RETURN
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Continued: variance decomposition

Male Female Total
(1) (2) (3)

Variance shares (X/varit(wit):
Worker effects - varit(α̂i) 0.68 0.60 0.65
Firm effects - varit(φ̂J(it)) 0.13 0.12 0.12

Covariance - 2covarit(α̂i , φ̂J(it)) -0.01 -0.01 0.00
Residuals - varit(ε̂it) 0.07 0.09 0.02

Other 0.13 0.19 0.21

Notes.- author calculations using the ASHE 2002-16, all employees age 25-64. £2002. Pay excludes overtime. Estimated Full
wages model includes covariates in xit for year fixed effects, squared and cubed terms for employee age, a cubic polynomial for
employee tenure, a cubic polynomial for firm size (n. of employees) and a dummy variable for whether a worker was employed

full-time. RETURN
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Distributions over employees of estimated WORKER-SPECIFIC
fixed real hourly wage effects

£2002. Wage effects estimated as per FULL regression model. Kernels estimated with a bandwidth of one log point. Top and

bottom one percent of the estimated effects (not gender-specific) are not displayed. RETURN
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Analysis sample sub-periods

2002-07 2008-16 2002-16
(1) (2) (3)

Worker effects - δ̂a 0.143 0.126 0.137
(0.942) (0.928) (0.943)

Gender-firm sorting - δ̂f 0.009 0.010 0.008
(0.058) (0.072) (0.057)

Adjusted gap - δ̂y or λ̂ 0.151 0.136 0.145

Observed gap (mean) 0.267 0.201 0.223

Notes.- Column (3) here presents the same results as Column (1) of previous table, repeated for comparison. Column (1)
presents equivalent results to Column (3), where the sample period is reduced to only employee-year observations in 2002-07
(N=541,346). Similarly, Column (2) presents results where the sample period is reduced to only employee-year observations in

2008-16 (N=1,002,805). RETURN
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Robustness to occupational classification: more detailed occupations

Main results Firm and occupation sorting
(1) (2)

Worker effects - δ̂a 0.126 0.146
(0.960) (0.856)

Gender-firm sorting - δ̂f 0.005 0.013
(0.040) (0.074)

Gender-occ. sorting - δ̂o 0.012
(0.070)

Adjusted gap - δ̂y or λ̂ 0.131 0.170

Observed gap (mean) 0.223 0.223

Notes.- 3-digit occupations rather than 2-digit RETURN
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Hourly wages vs. weekly earnings

Gross weekly earnings Hourly wages
(1) (2)

Worker effects - δ̂a 0.161 0.146
(0.933) (0.943)

Gender-firm sorting - δ̂f 0.012 0.008
(0.067) (0.057)

Adjusted gap - δ̂y or λ̂ 0.173 0.145

Observed gap (mean) 0.498 0.223

Notes.- author calculations using the ASHE 2002-16, all employees age 25-64. £2002. Pay excludes overtime. Gap is male

minus female. RETURN
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Gender gap in the contribution of estimated worker- and firm-specific wage
effects throughout the overall employee hourly wage distribution

£2002. How figure constructed: all employees (non-gendered) are grouped in real hourly wage percentile bins; “Worker
effects” here plots the difference between the average male and female estimated worker-specific wage effects within each
percentile bin; “Firm effects” plots the equivalent gender difference by percentile bin of the overall employee wage distribution.
Summing the two components within a percentile, and subtracting that value from zero, would give the gender gap contributed
by the time-varying observable characteristics at each employee wage percentile.
Interpretation: a negative value displayed here for the “Firm effects” implies that women in that portion of the overall

employee wage distribution tend to be employed by higher-wage firms than their male counterparts, on average. RETURN
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