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MAIN QUESTION

I In both the US and UK, the period between 1978-1999 witnessed:
1. Large changes in the distribution of observed wages: gender wage

gap, skill premium and within group inequality.
2. Shifts in workforce composition: gender, educational...

I How to recover the latent distribution of wages, using the
distribution of observed wages, when the selection rule might be
time varying?

I Point-Estimates of Wage Distribution:
I Methods available to control for selection effects require very

strong assumptions, e.g. exclusion restrictions, or normality.
I Using UK data, non-parametrically estimate bounds for the

distribution of wages.
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WORST CASE BOUNDS

I Take W to be the log wage, X is a conditioning vector.
I Employment indicator E = 1 if W observed, and E = 0 otherwise.
I P(x) = Prob(E = 1|x)
I Conditional distribution of wages, given x : F(w|x)
I Decompose unobserved object of interest F(w|x) into:

F(w|x) = F(w|x, E = 1)P(x) + F(w|x, E = 0)[1− P(x)]

I Manski (1994) noted that 0 ≤ F(w|x, E = 0) ≤ 1⇒

F(w|x, E = 1)P(x) ≤ F(w|x) ≤ F(w|x, E = 1)P(x) + [1− P(x)]
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BOUNDS TO QUANTILES

I Let wq(x) be the qth quantile of F(w|x)
I Define the bounds to the conditional quantile as:

wq(l)(x) ≤ wq(x) ≤ wq(u)(x)

where...
I wq(l)(x) is the wage (w) that solves the equation:

q = F(w|x,E = 1)P(x) + [1− P(x)]

I wq(u)(x) is the wage (w) that solves the equation:

q = F(w|x,E = 1)P(x)
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ASSUMPTION: POSITIVE SELECTION

1. Stochastic Dominance:

F(w|x, E = 1) ≤ F(w|x, E = 0), ∀w, ∀x

this will imply a higher lower bound:

F(w|x, E = 1) ≤ F(w|x) ≤ ...

2. Median Restriction: the median wage offer for those not
working is not higher than the median observed wage
(a) The bounds for wages below the median observed wage are still the

worst case bounds
(b) But the lower bound for all wages above the median is lifted to

F(w|x,E = 1)P(x) + 0.5(1− P(x)) ≤ F(w|x) ≤ ...



Introduction Methodology Empirical Exercise

INSTRUMENTAL VARIABLE Z

I Exclusion Restriction: W independent of Z conditional on X

F(w|x, z) = F(w|x), ∀w, x, z

(a) The bounds are given by:

max
z
{F(w|x, z,E = 1)P(x, z)} ≤ F(w|x)

≤ min
z
{F(w|x, z,E = 1)P(x, z) + [1− P(x, z)]}

(b) Intuitively, underlying wage distribution does not move with Z but
the observed one will (through the participation rate).

F(w|x, z,E = 1)P(x, z) = F(w|x)Prob(E = 1|W ≤ w, x, z)

(c) The ”strength” of the instrument comes through its effect on
participation.
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INSTRUMENTAL VARIABLE Z

I Monotonicity: first-order stochastic dominance by the
distribution with higher values of Z

F(w|x, z′) ≤ F(w|x, z), ∀w, x, z, z′ with z < z′

(a) In this case, the bounds tighten through the instrument’s effect on
the underlying distribution itself.

(b) In practice, find the tightest bounds over the support of Z, and then
integrate Z out.

I Validity Test: nothing guarantees lower bound ≤ upper bound if
monotonicity or exclusion restriction assumptions are not true.
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ESTIMATION METHOD

I Data: UK Family Expenditure Survey (1978 to 1999)
I X: gender, education, age and time

I Compute participation rate for each cell
I Estimate wage distribution for each cell xk:

F̂(w|E1 = 1, xk) =

PN
i=1 Φ((w− wi)/(σw/5))I(Ei=1)κk(xi)PN

i=1 I(Ei=1)κk(xi)

κk(xi) = I(yeari=yeark)I(edi=edk)I(genderi=genderk)I(agei∈agek)

I Z: out-of-work income (unemployment benefits)
I Same as above, but this time, each cell characterized by

(gender, education level, age bracket, year bracket, benefits bracket)
I Then... compute bounds accordingly, given assumptions.
I Inequality measure: Interquartile Range
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VALIDITY OF RESTRICTIONS

I Positive Selection (Stochastic Dominance and Median Restrictions)
I Using British Household Panel Survey (1991-2001)
I Controlling for education and age

344 R. BLUNDELL ET AL.

FIGURE 4.—Probability of work and out-of-work income.

each year of the panel separately on age and education, and allocated workers
a residual (i.e., actual wage minus predicted wage). We then split the sample

FIGURE 5.—Distributions of residual wages by gender, education, and work histories.
(*) Always Work (-) With Spells out of the Labor Market
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VALIDITY OF RESTRICTIONS

I Exclusion Restriction: Rejected
I The upper and lower bounds cross for many groups, when this is

imposed
I Welfare benefits positively related to housing costs in the UK:

high wage people→ expensive housing→ higher benefits.
I Thus, dependence between wages and benefits.

I Monotonicity: Never Rejected
I Most of the results use combination of

Monotonicity Assumption and Median Restriction
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OVERALL INEQUALITY

I Focus: LowerBound98 −UpperBound78 (Solid Lines)

346 R. BLUNDELL ET AL.

we focus only on how the median wage and the educational and gender wage
differentials have evolved. In our graphs, when useful we present 95% confi-
dence intervals for the unidentified parameter as in Imbens and Manski (2004).
These intervals are constructed using the bootstrap as described earlier. Fol-
lowing estimates reported in the text, we report a standard error in italicized
type in parentheses.

5.3.1. Trends in inequality

Figure 6 plots the upper and lower bounds on the interquartile range, our in-
equality measure, from 1978 to 2000 for the male wage distribution.16 The cen-
tral line shows, for comparison, what has happened to wage inequality among
workers and the dotted lines give 95% confidence intervals. We can only say
for certain that inequality has gone up if the lower bound at the end of the pe-
riod is higher than the upper bound at the beginning of the period. The worst
case lower bound in 1998–2000 is higher than the worst case upper bound in

FIGURE 6.—Upper and lower bounds on male wage inequality over time.

16Note that we group years in pairs so as to avoid having any empty data cells, particularly for
the older cohorts with higher education.
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I No Restrictions: inequality increased by 0.089 log points.
I Median + Monotonicity: inequality increased by 0.252 log pts.
I Observed inequality (Dotted Line) increased by 0.268 log points.

I Latent Inequality increased by at least almost as much as
Observed inequality.
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INCREASED WITHIN GROUP INEQUALITY

[Solid: Monotonicity] [Dashed: Mono + Median]

CHANGES IN MALE/FEMALE WAGES 349

FIGURE 7.—Changes to within-group inequality over time by education group.

5.4. Life-Cycle Wage Profiles and Intercohort Growth

Changes in inequality may also be driven by changes in the life-cycle profiles
and by the way they relate to intercohort growth of wages. More generally, the
study of labor supply, of aging, and of savings and pensions, among other fields,
relies on knowledge of wage growth over the life cycle. However, understand-
ing life-cycle growth is fraught with difficulty relative to composition effects
induced by selection in and out of work, making bounds particularly useful.

In Figures 8–10 we present bounds to the median wages of each education
group by age for five cohorts each born 10 years apart (1925, 1935, 1945, 1955,
and 1965). For the oldest cohort only one age point is available. Within each
graph we present results based on the worst case bounds, the median restric-
tion, the monotonicity restriction, and the combination of both restrictions.
Following these, in Figure 11 we show results for females based only on the
monotonicity restriction combined with the median, which proved to be the
acceptable restriction that led to the tightest bounds. In these graphs moving
from left to right gives the growth of wages by age. Moving from one cohort
to the next at the same age gives the cohort/time effect. To establish growth
over age we need to compare the upper bound of the median at the lower
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Statutory Schooling: 0.076 (left full-time edu at or before 16),
HS: 0.108 (completed edu between ages 17 and 18),

College: 0.129 (completed full time edu after 18)
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GENDER WAGE DIFFERENTIALS

I Monotonicity + Median Restriction
I 2 Groups Only: No College and (Some) College
I Changes in the male/female differential:356 R. BLUNDELL ET AL.

FIGURE 14.—Upper and lower bounds to changes to the difference in median wages between
men and women obtained by imposing both restrictions.

the bound to the change in the differential between 1978 and 1998, and the
thin lines denote the 95% confidence interval for the unidentified change.

For this combined group the male/female differential declined from 1978 to
1998 by between 0.23 and 0.28 log points, and the confidence interval implies
that the difference is significant. We have already argued that the median re-
striction does not seem to be at odds with the available evidence (see Figure 5
and the discussion around it) generally and even more so for young men and
women. However, as a robustness check, we have computed the bounds to the
differential by dropping the median restriction, which here imposes positive se-
lection into the labor market for both men and women. We find that the upper
bound to the change in the differential is just negative (!0!005) although the
upper end of the confidence interval now reaches 0.19. Thus imposing positive
selection is quite crucial to obtaining our precise result. However, the point
estimate of the bounds do not cross zero even if we do not impose the median
restriction. Given also the fact there is little circumstantial evidence against it,
we conclude that the differential for this group did indeed decline.

The change observed between working men and women was about 0.21 log
points. This suggests that composition effects may conceal part of the improve-
ment in the labor market position of women. The other declines are not signif-
icant. Moreover, for the group with some college, the bounds include a zero or
even a positive change.

6. CONCLUSIONS

The aim of this paper was to develop an approach to dealing with nonran-
dom selection into employment when analyzing the wage distribution. The key
problem we had to address was that in the presence of censoring there are
no obvious identification strategies that will point-identify the wage distribu-

I Only lowest education category showed underlying improvement
in the distribution

I Composition effects actually lead gender gap to close by less than it
would have otherwise
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