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Decomposition methods in Economics aim to answer questions such as
(Firpo et al., 2011):

@ What are the most relevant factors that explain pay differences
between men and women? Natives and Immigrants?

@ What are the most relevant factors that explain wage inequality
increases?

@ What are the sources of the wage losses of displaced workers?

@ The seminal papers by Oaxaca (1973) and Blinder (1973) with the
aim of understanding the sources of the gender wage gap, became
notorious in labor economics
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The Oaxaca-Blinder Decomposition

@ How much of the gender wage gap could be attributed to differences
in human capital (education and experience), occupational choices,
industry?

@ In this framework, the "unexplained" part of the gender gap is often
attributed to labor market discrimination

@ An extensive set of methodological papers aimed at refining and
extending the OB decomposition (Freeman (1984), Juhn et al.
(1993), DiNardo et al. (1996), Machado & Mata (2005), Firpo et al.
(2009))
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The Oaxaca-Blinder Decomposition

@ Let wy; and x4; be respectively the wage and vector of observable
characteristics of individual i belonging to the reference group A.

@ The wage equation relative to this group is:

Inwa;j = xaiB4 + Uaj (1)

@ Similarly, the wage equation relative to group B is:

In wg; = xBjﬁB + up; (2)
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The Oaxaca-Blinder Decomposition

@ The regression model implies that the raw wage differential can be
written as:

AW:m—m:(iA—iB)BA +iB(BA_BB) (3)

@ The first term of the decomposition, (iA — iB)BA, represents the
"explained" component of wage differences between groups, also
called the composition effect.

@ The second term, X5 (B, — Bg), represents the "unexplained"
component, also called the wage structure effect. It measures, for
group B, the differences of return to characteristics due to
membership in this group.
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The Oaxaca-Blinder Decomposition

@ The portion explained by discrimination using the Blinder-Oaxaca
method depends on the reference group chosen.

o If B is the reference group instead of A, the explained part of the
differences in average values of the wage logarithms is (x4 —Xg)Bg.

@ As Inwy — Inwg is independent of the decomposition, the
unexplained part changes according to the reference group.

o If group B is the reference group instead of group A, then
AW = (X4 — xB)ﬁB +XA(:BA ﬁB)
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Gelbach Decomposition - Motivation

@ It is widely common in empirical research to estimate multiple
specifications of a linear regression model to evaluate the
"robustness" of the coefficient on some variable of interest, Xi, as
various covariates, X,, are added to the base specification

@ Or to account for the "effects" on the coefficient of X; as one moves
from a base specification that has no covariates, X,, to the full
specification that includes both X7 and X;

e Example: cross-group gaps in wages (e. g., Altonji & Blank, 1999;
Lang & Manove, 2006, Carneiro et al., 2012)
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Immigrant-native wage gap in Portugal: POLS (Carneiro,

Fortuna & Varejso, 2012, JPE)

D i ly@vage
(1) 2) (3)
MaleBampledN=7,706,548)
Immigrant [.28643 [0.19083 [D.08249
(0.00164) (0.00167) (0.00152)
Years(SinceMigration 0.01423  0.01089  0.00530
(0.00051) (0.00048) (0.00047)
Years@inceMigrationBquared [.00009 [D.00003 [D.00004
(0.00002) (0.00002) (0.00002)
Concentration®fdmmigrants [0.24440 [0.18876
RBquared 0.438 0.490 0.590
FemaleBampledN=6,060,863)
Immigrant [.17755 [D.10620 [D.04398
(0.00168) (0.00167) (0.00144)
YearsBince@Migration 0.00561  0.00422  0.00087
(0.00056) (0.00052) (0.00047)
Years@inceMMigration@quared 0.00019 0.00019  0.00013
(0.00003) (0.00003) (0.00003)
Concentration®fdmmigrants [0.22967 [0.14982
(0.00283) (0.00245)
RBquared 0.500 0.549 0.637

Notes:@orkertlusterfobust tandardimorsintarentheses Bpecificationt,
includesontrolsHoritheorker'sgefand®geBquared) Ammigrantstatus,
yearsBincelnigration,Bchoolingchievement@nditimetanddegiontffects.

Specification@ur IsHorith ployeritharacteristics Bize,Andustry,

anddmmigrantoncentration@tithe@vorkplace BpecificationBt&dds&ontrol sfor
or 1 d),BandBkillFategories.
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Sequence Dependence

@ As pointed out by Gelbach (2016, p. 529): "Comparing coefficient
estimates from specifications in which covariates are added
sequentially to a base model does not generally identify population
parameters of interest.";

@ In an insightful paper published in JOLE, Gelbach (2016) proposes a
detailed decomposition based on the omitted variable bias formula
that allows to unambigously disentangle the contibution of each
ommited variable for the change in the coefficient of the variable of
interest.
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Gelbach Decomposition - Gender Wage Gap

o Consider we are interested in estimating the gender wage gap

@ We start by estimating the following model

base

In wagej; = B, + p;"°" female; + uj;

° ﬁfase = E(In wage;; | female = 1) — E(In wage;; | female = 0)
@ This may correspond to a biased measure of the gender wage gap as

males and females may differ in other characteristics that also affect
wages.
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Gelbach Decomposition - Gender Wage Gap

@ Let’s add those factors to the base model
_ full full full
In wagej; = B, + By female; + B, " educ; + B3 exper;s + ujt
b full
° 1356 # ‘B]_u

@ How much of the change in B, can be attributed to exper and how
much can be attributed to educ?

How much of the male-female wage gap is explained by gender
differences in experience and education?
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Gelbach Decomposition - Gender Wage Gap

@ Researchers often solve this problem by estimating an intermediate
model

In wagejy = B, + ﬁe‘l“C female; + ﬁEd“Ceduc,- + uj

o and then attribute the difference B3¢ — B to differences in
education across the groups

o and the difference B¢ — Bf/'to differences in labor market
experience

@ This is incorrect, as the order in which covariates are added can affect
the accounting - order/sequence dependence

@ Only if the variable female is orthogonal to educ and exper will the
order be irrelevant
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Gelbach Decomposition - Omitted variable bias formula

@ Gelbach (2016) provides a solution based on the omitted variable bias

formula:

~full ~full =full
@ Estimate the full model by OLS and obtain: B, ,By B3

~full ~ ~full ~ ~base ~full

ﬁz Lequc + 53 Lexper = ,31 - 131
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Gelbach Decomposition - Omitted variable bias formula

@ Gelbach (2016) provides a solution based on the omitted variable bias

formula:

~full ~full =full
@ Estimate the full model by OLS and obtain: B, ,By B3

@ Use OLS to estimate two auxiliary regressions of educ on female and of
exper on female and then recover the estimates I'gy,c and Texper,
respectively.

~full ~ ~full ~ ~base ~full

ﬁz Lequc + 53 Lexper = ,31 - 131
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Gelbach Decomposition - Omitted variable bias formula

@ Gelbach (2016) provides a solution based on the omitted variable bias

formula:

~full ~full ~full
@ Estimate the full model by OLS and obtain: B, ,By B3

@ Use OLS to estimate two auxiliary regressions of educ on female and of
exper on female and then recover the estimates I'gy,c and Texper,
respectively.

© The male-female wage gap attributable to educ is ,82 educ and to

full ~
experience is ﬁ3 TCexper

full ~full ~ ~base ~full

By Teduc + B3 Texper =Pp1  — Py
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Gelbach Decomposition - Omitted variable bias formula

@ Hence, the contribution of each variable are the mean male-female
gap in educ and exper (Leqyc and Ieyper), scaled by each regressor's

~full ~full
impact on wages (/52u and /53u ). respectively.
@ Consider the population regression model:
Y = Xlﬁl +X2ﬁ2 +¢€

o Assuming that E [e | X] = 0,where X = [X} X;]

@ Under these assumptions, the OLS estimator for the full model is
B=(X'X)"1X'Y is consistent
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Gelbach Decomposition - Omitted variable bias formula

@ Now, consider the coefficient on X7 from the base specification that
ignores X».The estimator of 3, is

~base

Bl = (XiX) XY

@ whose probability limit is
. b . / _
plimB,™" = By + plim(X X1) 1 X{ X,

or 55’358 =P +Tpy=p+0o

@ where I' is the matrix of coefficients from projecting the columns of
X5 on the columns of Xj.

16 / 29

A Carneiro (U.Porto, CEF.UP and FEP) DaSSWeb 23rd February 2021



Gelbach Decomposition - Omitted variable bias formula

@ 0 =T, is the omitted variable bias from excluding X> when
estimating B,, and is non-zero if E [X;X»] # 0

@ It also suggests a natural decomposition of the difference between the
base and full model coefficients on Xj

0 = F1ﬁ2,1+...+rkﬁ21k
5 = fase_ﬁ
- 1
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Gelbach Decomposition - Stata Codes

B*baselmodel*
.Breglllwagelfem

FREREESource | ERERERESSERERERRRRER fRRRRRERMSERRRRENumberBlofRlobs 24,165
PREF (1,24163)BRRRRR= 491.72

[193.691480 3.6914807  Prob@ 0.0000

[793.21342 4,1630.190538895  REsquare 0.1056

SPIFIA
L2lII2IA

[I886 . 9049020 RRRE4 , 164002 . 212993492  ROOtEMSERIE

PREREEER1wage

fem
[B_cons

.4325171
26.74385
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Gelbach Decomposition - Stata Codes

.B*fulllBmodel*
.BregllwagelifemBedRexp

EERERRSource |RERRERRSSEERRERRERREFERRERREMSERERRENumbe rElofEobs|
BRRF (3,24161)
PR3ER99.0492891  Probi>RF
P4,16100.141734447  RBsquaredd
PREAdjEREsquared
B4 ,164ER.212993492  RootEMSE

EEModel | B297.147867E
PResidual | [589.757034C

BTotal | E886.904902F

PRRRRERlwage |PRRRERCoef.EEEStd.BErr . ARREEEtERRRP> | t | BEEEE[ 95%RConf . BInterval]

.3994719
.0795003
.0129019
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Gelbach Decomposition - Stata Codes

DecompositionBoffichangesBinficoefficientsBonEx1Bvars:

Efem

intoBpartsBduelitofitheseligroups:

gli=Rled

g20

Blexp

PRERERR1wage

PRREERCoef . BREStd . BErr . BERRRRZERREP > | z | BERRER[ 95%RCont . BInterval]

fem

[1.0193644
0249602
[1.0171292
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Gelbach Decomposition - Gender Wage Gap

Decomposition of the Gender Wage Gap (Gelbach, 2016)

Decomposition of

the change into:

Base Model Full Model Change educ exper
Coef. estimate  Coef. estimate (1)-(2)
1) B) 3) ) 5)
—0.47447 —0.43581 —0.038651 —0.00081  —0.03784%**
(0.01029) (0.00657)

Note: *** significant at the 1% level.
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Immigrant-native wage gap in Portugal: Gelbach

Decomposition (Carneiro, Fortuna & Varejdo, 2012, JPE)

Immigrants at new destinations: how they fare and why

Table2 Decomposition of the immigrant-native wage gap variation between specifications 1 and 3
(contribution of covariates omitted in specification 1)

Male sample Female sample

Coefficient sD Coefficient sD
Concentration of immigrants 0.0436% (0.0005) 0.0278* (0.0005)
Size 0.0001 (0.0003) 0.0020* (0.0003)
Industry —0.0300* (0.0003) —0.0161* (0.0004)
Tenure —~0.0631* (0L0005) —0.0491* (0.0003)
Qualification levels —0.0670* (0L0005) —0.0388* (0.0006)
Total —0.2038* (0.0009) —0.1337* (0.0010)

Notes: The figures reported in the last row (*Total’) are estimates of the difference of the wage
gap between immigrants and natives obtained with specifications 1 and 3 (and the corresponding
robust standard errors); they are equal to the arithmetic difference between the estimated
coefficients of the Immigrant variable reported in Table 1. All other figures in the coefficients’
columns are interpreted as the absolute contribution of the corresponding covariate for the
observed change in the estimated coefficient of the Immigrant variable from specifications 1 to
3. For details, see Gelbach (2009)

*Significant at 1%
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The Sources of the Wage Losses of Displaced Workers

(Raposo, Portugal & Carneiro, 2021, JHR)

e Sample (Quadros de Pessoal data set):

e Treatmet group: 25 cohorts of workers who lost their jobs between
1988 and 2014 due to firm closure
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The Sources of the Wage Losses of Displaced Workers

(Raposo, Portugal & Carneiro, 2021, JHR)

e Sample (Quadros de Pessoal data set):

e Treatmet group: 25 cohorts of workers who lost their jobs between
1988 and 2014 due to firm closure

e Control group: individuals who were employed in firms that did not
close in the 1986-2016 period
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The Sources of the Wage Losses of Displaced Workers

(Raposo, Portugal & Carneiro, 2021, JHR)

@ Methodology:

e High-dimensional FE model that accounts for worker, firm, job title,
and match quality effects (returns to time-invariant characteristics of
the worker-firm match)

Wie = a; + Ay H O T Yirge T e+ BXie + ) DSic+ pjy

k>—m
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The Sources of the Wage Losses of Displaced Workers

(Raposo, Portugal & Carneiro, 2021, JHR)

@ Methodology:

e High-dimensional FE model that accounts for worker, firm, job title,
and match quality effects (returns to time-invariant characteristics of
the worker-firm match)

Wie = a; + Ay H O T Yirge T e+ BXie + ) DSic+ pjy

k>—m

o Builds on Gelbach (2016) methodology, which appeals to the omitted
variables bias formula, to compute a detailed decomposition of the
contribution of each fixed effect to the change in the estimate of the
displacement dummies.
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Earnings Losses of displaced workers in Portugal: OLS

Solution (Raposo et al., 2021, JHR)

Table 3: Wage loss estimates

g;(ﬂs SE gllcmse SE g}{“l SE
® 2) (3)
Specification 1
Do -0.218 (0.003) 0.061 (0.002) 0.003 (0.001)
Ds -0.178  (0.003) 0.061 (0.001) 0.008 (0.001)
Ds -0.183 (0.003) 0.044 (0.001) 0.000 (0.001)
D 0.135 (0.003) 0.042 (0.001) 0.005 (0.001)
Ds -0.122° (0.003) 0.067 (0.001) 0.032 (0.001)
Ds -0.159 (0.002) 0.032 (0.001) -0.002 (0.001)
Da -0.171 (0.002) 0.024 (0.001) -0.004 (0.001)
Di <0.176  (0.002) 0.021 (0.001) -0.003 (0.001)
Da -0.181 (0.002) 0.018 (0.001) -0.002 (0.001)
D1 -0.185 (0.002) 0.015 (0.001) -0.003 (0.001)
Do <0213 (0.002) 0.009 (0.001) -0.008 (0.001)
D1 -0.156  (0.004) -0.013  (0.001) -0.024 (0.001)
D> -0.219 (0.003) -0.018 (0.001) -0.011 (0.001)
Ds <0241 (0.003) -0.029 (0.001) -0.005 (0.001)
Ds -0.240 (0.002) -0.039 (0.001) -0.002 (0.001)
Ds -0.268  (0.003) -0.048 (0.001) 0.001 (0.001)
D¢ 0294 (0.003) -0.056 (0.001) 0.002 (0.001)
D7 -0.334 (0.003) -0.062 (0.001) 0.005 (0.001)
Ds 0377 (0.003) -0.072 (0.001) 0.006 (0.001)
Do -0.373 (0.003) -0.072 (0.001) 0.011 (0.001)
Dio -0.349 (0.003) -0.067 (0.001) 0.013 (0.001)
R? 0.11 0.89 0.92
Specification 2
Pre-displacement -0.218  (0.003) 0.026 (0.000) 0.000
Post-displacement 0.178  (0.003) -0.046  (0.000) 0.000
R? 0.11 0.89 0.92
Specification 3
Net -0.106 (0.002) -0.072 (0.000) 0.000
R? 0.11 0.89 0.92

A Carneiro (U.Porto, CEF.UP and FEP) DaSSWeb 23rd February 2021



Earnings Losses of displaced workers in Po

solution (Raposo et al., 2021, JHR)

A Carneiro (

Decompositionfithevagedossinto

Wagefoss Firm MatchBuality Jobititle
FE

Base _ g1t 4 SE w SE # SE
Specificationd.
Dao 0.058 0.016  (0.000) 0014  (0.000) 0028  (0.001)
D 0.053 0016  (0.000) 0013  (0.000) 0023  (0.000)
D 0.044 0.015  (0.000) 0.011  (0.000) 0.018  (0.000)
Dy 0.037 0013 (0.000) 0011  (0.000) 0013 (0.000)
Ds 0.035 0011 (0.000) 0.010  (0.000) 0.014  (0.000)
D 0.034 0012  (0.000) 0009  (0.000) 0012  (0.000)
Da 0.028 0.010  (0.000) 0.008  (0.000) 0.010  (0.000)
D 0.024 0.008  (0.000) 0.007  (0.000) 0.008  (0.000)
D 0.020 0.006  (0.000) 0.007  (0.000) 0.007  (0.000)
Dn 0.018 0.005  (0.000) 0.007  (0.000) 0.006  (0.000)
D, 0.017 0.005  (0.000) 0.006  (0.000) 0.005  (0.000)
D, 0.011 0014  (0.000)  E.006 (0.001) 0.003  (0.000)
D, @.007 0.006  (0.001) ®.008  (0.001) @.004  (0.000)
D; ®.024 ®.003  (0.001) ©.011  (0.000) [©.010  (0.000)
D, ®.037 ®011  (0.001) @.012 (0.000) [@.014  (0.000)
Ds @.049 @017  (0.001) @015 (0.000) @.017  (0.000)
Dg .058 ®.023  (0.001) ®.015  (0.000) @.020  (0.000)
D; ®.067 M.026  (0.001) .018  (0.000) [.023  (0.000)
Dy 0.078 M.031 (0.001) 0020 (0.001) [0.028 (0.000)
D, @.083 ®.031 (0.001) @021 (0.001) @031 (0.000)
Do .080 ®.027  (0.001) ®.020  (0.001) @.033  (0.000)
R 0.96 0.99 0.99
Specification2
Predisplacement 0,026 0.008  (0.001) 0.008  (0.001) 0010  (0.001)
Postiisplacement  .046 ®.014  (0.002) @.015  (0.001) @.017  (0.001)
[ 0.96 0.99 0.99
Specification®
Net 0.072 0.022  (0.001) M.023 (0.001) (0.027 (0.001)
R? 0.96 0.99 0.99
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The Sources of the Wage Losses of Displaced Workers

(Raposo et al., 2021, JHR)

@ Conclusions

o Post-displacement monthly wages are, on average, 7.2 log points lower
than pre-displacement wages;
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The Sources of the Wage Losses of Displaced Workers

(Raposo et al., 2021, JHR)

@ Conclusions

o Post-displacement monthly wages are, on average, 7.2 log points lower
than pre-displacement wages;

e Sorting into lower paying job titles represents the largest component of
the monthly wage loss of displaced workers, accounting for 37 percent
of the total average monthly wage; firm and match effects account,
respectively, for 31 and 32 percent of the total monthly wage loss;.

27 / 29
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