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analyse the evolution of the earnings of a cohort of workers within an Internal Labour
Market. It finds evidence of downward bias in the returns to tenure suggested by
Stephens (2003) and also suggests a possible explanation of some of the findings of
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|. Motivation

Studying the way earnings distributions evolve within internal labour markets
(ILM’s) can, potentially, reveal a number of things about the way organisations seek
to reward and give incentives to their workers. We would expect to observe earnings
growth based on the idea that workers accumulate specific human capital, Becker
(1993), and that firms will pay for this increased productivity. Firms’ may also choose
to construct wage tenure profiles which are steeper than the growth in productivity,

Lazear (1979), and this will also have implications for observed distributions, but the
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underlying link will be to the flow of productivity of the worker. Also reflected in the
earnings distributions that we observe for workers within firms will be aspects of
worker’s behaviour in terms of their decisions to stay with or leave the organisation.
This is the focus of the present paper, and in particular, in examining the distribution
of cohorts of workers, especially if workers exit their cohort in a non-random fashion
then this will impact on the subsequent distribution of earnings for that cohort.

Il. Some Distributions

Our paper will examine the evolution of earnings for a particular cohort within
the ILM of a large financial sector firm. The data will be described in more detail in
the next section, but to illustrate the basic idea of this paper consider the following
distributions:-

Figure 1

Distribution of real average log hourly wages
including bonuses
in 1989, 1994 and 1999
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What we are looking at here is the initial distribution of the natural log of
hourly earnings (plus bonuses) of the cohort of workers who entered the organisation
in 1989, and then the same distribution of those who remained in the organisation 5

years later in 1994 and then 10 years later in 1999.



Clearly two main influences will have been at work; firstly workers within the
organisation will accumulate specific human capital which will increase their
productivity and result in earnings growth. Secondly workers are in a market for their
services, and may receive (or indeed seek out) alternative offers from other firms in
the market, if these offers dominate existing remuneration then they will move. As a
consequence of this they will obviously not remain in the cohort and will not be
represented in earnings distributions subsequent to the first. We will examine the

factors which influence the transition between firms in section V.

The question we pose ourselves is whether we could draw the distribution of
earnings that would have existed if exits from the firm hadn’t been systematic (or put
another way; had been random) because in this scenario the movement of the
distribution will reflect the way the productivity and, we are assuming,

correspondingly the reward of the workers in the initial cohort would have evolved.

We seek to do this by constructing the distribution that would have prevailed
at the subsequent time period if the (distribution) of characteristics had remained as it
was initially, since if exit is random the distribution of characteristics will, in
expectation, remain the same. The constructed distribution will also reflect other wage
setting devices such as back-loading payments to give workers the incentive not to
“shirk” early in their careers, (Lazear’s Delayed Payment hypothesis) as well as
specific capital accumulation, but we don’t attempt to disentangle these two things in

this paper.

Il Data

The data comes from personnel records of all employees of a large financial
sector firm based in the UK covering the period January 1989 to November 2001
allowing for a potential total of 154 monthly observations for each employee in the
firm. In this paper information on real average log hourly wages including bonuses
and other employee characteristics for a subset of full-time employees who started

employment with the firm in 1989 is used in the empirical analysis that follows.



Table 1 Composition of employees of cohort 1989 (%) by tenure
Tenure in years

0 1 2 3 4 5 6 7 8 9 10 11 12
Number of
employees 4475 3998 3,192 2,862 2,608 2399 2,186 1,954 1,711 1520 1,389 1,295 1,189
Male
employees 39.08 39.57 3951 39.34 3877 3797 3765 3823 39.74 4039 4168 43.71 4508
Female
employees 60.92 6043 6049 60.66 61.23 62.03 6235 61.77 60.26 59.61 58.32 56.29 54.92

Leavers (all)
1066 20.16 10.34 887 8.01 8.88 1061 1244 1116 8.62 6.77 8.19 -

Leavers

(men)* 3501 39.85 40.60 46.01 4478 41.89 3140 27.63 3398 2642 16.07 27.97 -
Leavers

(women)* 6499 60.15 59.40 53.99 5522 5811 6860 72.37 66.02 7358 8393 72.03 -
15-19 years

old** 4753 47.62 49.00 49.90 50.84 5248 5311 53.28 5266 5342 5342 5220 52.06

20-24 years old
25-34 years old
35-44 years old
45-54 years old
55-59 years old
60-65 years old

2226 2214 2093 2044 2036 2026 1985 1940 19.05 1829 1721 17.76 17.07

2092 21.09 2083 2051 2009 1842 1793 1791 18.64 1849 1937 1985 20.19

7.17 7.03 7.36 7.41 7.17 7.21 7.46 7.88 8.18 8.42 8.57 8.88 9.59

1.85 1.90 1.66 1.61 1.46 1.63 1.65 1.54 1.46 1.38 1.44 131 1.09

022 020 022 014 008 000 000 000 000 000 000 000 0.0

0.04 0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

White

83.69 8512 8753 89.34 90.68 90.66 90.81 90.89 91.29 91.12 91.22 9158 9159
Asian/Asian
British 002 003 006 010 173 275 284 276 286 296 3.02 324 370
Black/Black
British 143 150 166 168 192 179 192 2,00 210 237 216 216 235
Chinese/Ethnic

000 000 000 007 065 071 069 072 070 066 086 093 093
Unstated
ethnic origin 1486 1336 10.75 8381 5.02 4.09 3.75 3.63 3.04 2.89 2.74 2.08 1.43
Degree

11.82 1283 1413 1419 1426 13.67 1345 1341 1368 1428 1433 1514 14.89
Further
Education 179 195 238 266 295 321 357 368 38 375 396 417 4.04
A-level

1412 1423 14.07 1454 1472 1501 1542 1540 16.07 16.12 1656 16.29 16.74
O-level

3296 3427 37.63 39.27 4099 43.60 4543 4534 44.07 4355 4276 4224 4172
2;11: s :tion 856 950 1150 12.68 13.42 1434 1523 1586 1596 16.05 1591 1544 1573
Unknown
education 30.75 2721 2030 16.67 1365 10.17 691 629 637 625 648 672 6.90

Staff on entry
83.80 83.02 8343 8449 8528 8691 8783 8751 8755 88.03 88.12 87.57 87.55

Managerial on
entry
* This is calculated over all leavers, ** The variable here is age-tenure

16.20 1698 16,57 1551 1472 13.09 1217 1249 1245 1197 1188 1243 1245




The internal hierarchy of this firm is discussed in detail in Treble, van
Gameren, Bridges, and Barmby (2001). The firm has a well defined structure of 12
levels that can be divided into four broad categories comprised of training levels,
clerical levels, middle managers and senior managers. Discussions with the HR
officers responsible for maintaining and updating the personnel records of all
employees show that the firm makes a broad distinction between those employees
classified as staff and those who are classified as managers. “In house”, the firm is
used to grouping the 12 levels into 7 broad categories comprised of an induction level
(S01), junior staff levels (S02 and S03), senior staff levels (S04 and S05), junior
management levels (M93 and M94), the middle management level (M95), the senior

management level (M96), and the executive management levels (M97-M99).

Table 1 summarizes the composition and some characteristics of employees in
cohort 89 by tenure. All in all 4475 employees are recruited by the firm in 1989 of
which 39.08% are men and 60.92% are women. Throughout the period more women
tend to leave the firm than men resulting in a more even gender balance towards the
end of the period. Comparing the percentage of men in the cohort in 1989 of 39.08%
to that in 2001 of 45.08% signifies a large change in the gender balance in physical
terms. By 2001 the initial cohort size has shrunk to 1189 employees who remain to be
working for the firm giving an exit rate of 73.4% over time. Of all leavers 36.60% are

men and 63.40% are women.

The age dummies are constructed as age-tenure (or alternatively age at entry).
This will allow the reader to see changes in the age composition of the cohort without
having to take account of the fact that with each additional year of tenure the worker
ages by one year. The age composition of the cohort on entry to the firm clearly
highlights the firms demand for workers of school leaving age who have completed
either their GCSE’s or A-levels. Nearly 50% of all recruits fall within this age bracket
of 15-19 year olds, followed by 22.26% of recruits between the ages of 20-24 who
could have potentially obtained a degree and 20.97% of recruits between the ages of
25-34. Only very few new entrants are hired who are above 34 years of age. The mean
age of all new entrants is 22.9 years and as table 1 reveals, the composition of the
cohort in terms of age, does not change very much. This is confirmed by an average
age of 34.7 in 2001.



Although some workers have refrained from revealing their ethnic origin, it is
clear from table 1 that the vast majority of workers (83.69% on entry) in the cohort
primarily originate from a white background and that only 3.67% of entrants come
from other ethnic backgrounds and 8.22% did not disclose their ethnic origin to the
firm in 19809.

Information on qualification is only available for part of the sample, reflected
in the high proportion of employees who display “Other” qualification (8.56%) and
those employees who did not state their qualification on entry to the firm (30.75%).
Just to give the reader a flavour, the category “other” includes such various
qualifications as the Duke of Edinburgh Award, Beginners Italian, Beginners Excel,
and others which are not necessarily schooling qualifications. Discussions with our
liaison officers in the firm revealed that the missing information on schooling
qualification is a consequence of a combination of bad questionnaire design and
human error in entering the qualification data into the personnel databank of the firm?.
The information on qualifications in table 1 is organised such that the qualification

variables reflect highest qualification on entry.

It was already highlighted earlier that the firm predominately recruits workers
in 1989 aged 15 to 19 which is directly reflected in the high proportion of new
entrants with highest attainment at O-levels (32.96%) and A-levels (14.12%). Of
those recruits who have stated their schooling on entry 11.82% hold a degree and only
a small fraction of 1.79% have completed other further education courses. For
38.30% of leavers information on qualifications is unknown. But we do know that
29.68% have highest attainment at O-levels, 13.09% have A-levels, 10.99% hold a
degree, 1.15% have attended further education courses and 6.87% hold other

qualifications.

The last two rows in table 1 describe the cohort in terms of whether employees
have been assigned to a staff or managerial position on entry to the firm.

% The bank only started to collect employees’ qualifications data in 1995 when analysts in the bank
were specifically asked to incorporate information on employee qualifications amongst others in a
particular report to the bank. The questionnaire design was such that employees were asked to list their
qualifications with no particular reference to schooling or other qualifications obtained.



Unsurprisingly, 90.36% of recruits entered the firm as staff in 1989 whereas only
9.64% were hired into managerial levels. Of the 90.36% recruited into staff grades,
67.35% were women compared to 32.65% who were men. On the other hand, of those
9.64% new entrants recruited into managerial levels, 80.62% were men and only
19.38% were women. Of all leavers, 82.75% entered as staff and only 17.25% as
managers. Not surprisingly 73.58% of those who left and entered the firm into
managerial positions are men compared to 26.42% of their female counterparts
holding a managerial job on entry. Again, the picture reverses for those who left the
firm and started their career at a staff level of which 28.9% are men and 71.1% are

women.

IV. Empirical Analysis

Our empirical problem will be to interpret the way in which earnings
distributions within the organisation change. For each individual worker we will
observe w, the natural log of their hourly earnings, some characteristic(s), z and the

date at which we observe these, t.

A basic conceptual device in this analysis is the idea that each observation is a
realisation of a random vector (w,z,t) which is drawn from a joint distribution F(w,z,t)
of wages w, (an) individual attribute z, and a date t. The reader is referred to DiNardo,
Fortin, and Lemieux (1996) for a full discussion of this methodology of constructing

counterfactual densities.

As a starting point we consider the marginal distribution of wages at a point in

time t=1, say
f(w|t:1):J'f(W,z|t:1)dz (3.1)
Since f(w|z,t:1):M and M: f(z) we can write
f(z|t=1) dz



fwlt=1)=[f(w|zt=0)f(z|t=1)dz

3.2
:jf(w|z,t=1)dF(2|t=1) 7

Now it is clear that everything here refers to period 1, however if we wrote the

RHS of the above as

jf(w|z,t=2)dF(z|t=1) (3.3)

we would be constructing a counterfactual density of the wages which would have
prevailed in t = 2 if the distribution of characteristics had remained as they were at

t=1. Notationally we can indicate this (following DiNardo) as

[fwlzt=2)dF(z|t=1)=f(w|t,=2t,=1)  (34)

The question is: how might we obtain this density ? The answer is surprisingly

simple and elegant. We only need to rewrite the above as

AREIt=D 4yt
dF(z]t=2) 9

:jf(w|z,t=2)y/(z)dF(2|t=2)

f(wlt =2t =1)=jf(w|z,t=2)

It is clear from the above that the counterfactual density of interest is simply
the density you would plot at t = 2 except that the observations at t = 2 are reweighted

according to the function

_dF(z|t=1)

CdF(z|t=2) (36)

v(2)

Intuitively the adjustment of the density at t=2 essentially amounts to taking

account of non-random attrition. This idea is clearer if we consider



dF (t =1| 2)dF (z)

_dF(z|t=1)  dF(t=1) _ Prt=1|2) Pr(t=2)
v(2)= dF(z|t=2) dF(t=2[2)dF(z) Pr(t=2|z) Pr(t=1) 3.7
dF(t=2)

Pr(t=k|z) k=12 isjustan attrition probability which can be estimated by a
conventional logit or probit model. Note these are not exactly probabilities of
individual’s remaining with the firm t= 1,2,.. years etc, as the sample space would be
N, the initial number of individuals in the cohort. Rather it is the probability of
observing the date t = 1,2,... etc given particular characteristics, and the sample space
would be the individual/date points. Note if there was no systematic transition out of
the firm, Pr(t =k | z) =Pr(t =k)vk and w(z) =1°

VI Counterfactual Distributions

Applying the methodology outlined in section 1V to our data yields the
following results. Consider figure 2 where the three solid densities are the actual
densities of log hourly wages which are observed on entry in 1989 and then
subsequently in 1994 and 1999 (after 5 and 10 years respectively), we have already
seen these in figure 1. The dotted lines are the adjusted densities which would have
prevailed if the distribution of characteristics had remained as on entry in 1989, or

stated another way if the exits from the firm had been random.

® The Probits used in constructing the weights y(z) are reported in Appendix 1



Figure 2

Actual and Counterfactual Average Real Log Hourly Wage
Distributions in 1989, 1994 and 1999
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Log of real average hourly wage including bonuses

— 1989 Weights (Actual)
— 1994 Weights (Actual) ——- 1989 Weights (Counterfactual 94)
— 1999 Weights (Actual) ——- 1989 Weights (Counterfactual 99)

The empirical results of this exercise consistently suggest that the observed
(unadjusted) distribution appears to be under representing the growth in earnings that
would have taken place within the firm if the transitions out of the firm had been
random. Put another way there appears to be empirical evidence of a negative bias in

the returns to tenure.

To put some figures to the extend of the bias, consider Table 2 which
computes the expected hourly wages in pound sterling for the actual and
counterfactual hourly wage distributions corresponding to figure 2. It is clear from
rows two and three that the actual average wages observed in 1994 and 1999 fall short
of average counterfactual wages as was already graphically shown in figure 2. The
second row in table 2 also shows average wage growth over time. Between 1989 and
1994 average hourly wage growth is 22.4% comparing the actual distributions in 1989
and 1994 with an implied annual growth of 4.13%. If characteristics of employees had
stayed as they were on entry in 1989, average wage growth would have reached

31.61% over the five year period, resulting in an annual growth rate of 5.65%. This

10



implies a downward bias of 1.52%. Actual average wage growth observed for the
cohort over a ten year period is 82.32% (annual rate 6.19%) but would have been
101.72% (annual rate 7.27%) if the distribution of characteristics had remained at

their entry level in 1989, giving a discrepancy of 1.08% pa.

Table 2
Average Actual Counterfactual Actual Counterfactual
89 Mean 94 Mean 94 Mean 99 Mean 99
E(w) 5.312 6.504 6.991 9.686 10.716
Wage growth 22.4% 31.61% 82.34% 101.72%
Implied annual
_growth rate in w 4.13% 5.65% 6.19% 71.27%

The next section considers theoretical reasons why this might be the case

V Theory

The notion, which we hinted at in section I, that to fully understand observed
wages in firms we need to understand the process by which external offers are made,
internal counter offers might be forthcoming and which of these are accepted, was

discussed in Lazear (1986) and more recently by Stevens (2003)*.

In essence we need to consider what drives the wage offers of the firm the
worker is working for and also alternative firms that he/she might work for. To do this
we consider the worker’s productivity in firm O (the firm he/she presently works for).
We follow similar notation to that used by Stevens in setting out this theoretical

framework.

Vo =0+K+¢g, (4.1)

Here productivity is v, general human capital g, and specific human capital k. There
are a number of alternative employers i = 1,....,n in which the workers productivity is

described by the equation

* See also Burdett and Coles (2003) and Stevens (2004), for related discussions of matching models.
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Vi =0 +¢ 4.2)

In both of these equations ¢ represents the quality of the worker’s match with the

particular employer. The match quality is distributed

e~ f(g);, e€lg €] 4.3)

Each worker in a particular cohort of workers employed by a given firm will
have a probability of receiving an offer from an alternative employer in any given
period. Assuming that the existing employer and the prospective employer observe
their specific match quality with certainty then the worker if he/she receives an offer
will remain with the existing employer if v, <v, = g, +¢& < g, +K, + &,. Assuming
that g, = g,, this implies that ¢, + k > ¢,. This is describing a non-random selection
from the distribution of match quality. The process describing how workers transit

between firms will induce a negative correlation between &, and k. To see this more

clearly consider the following diagram

Figure 3

X X X X X X X
X X X X X X X
X X X X X X X

The points within the axes represent drawings from the joint distribution of k and

&, prior to any outside offers. If the distributions of k and ¢, are independent there

will be no correlation between these two quantities. Consider an outside offer with

match quality &, being made, if the individual worker’s (k, &, ) lies above and to the

12



right of the offer line then the worker will remain with the firm, below and to the left
he will transit between firm 0 and i. Consider many such offers being made, some of
these will of course be accepted and some rejected. It is the rejected offers we are
particularly interested in here and it appears that the effect will be to induce a negative

correlation between k and &, in the stayer group. The effect of this negative

correlation will be to induce a negative bias on a regression estimation of earnings on

tenure for a given cohort.

VI. Concluding Remarks

Our findings support the theoretical conjecture of Stevens (2003). We also
offer the thought that the approach taken in this paper offers a way of explaining the
apparent puzzle mentioned in Medoff and Abraham (1981) where the introduction of
performance indicators into an OLS earnings equation appears to increase the
estimated coefficient on tenure (this is a puzzle if tenure and performance are
positively correlated; as exclusion of the performance ratings would result in tenure
acting as a proxy for them and inflated the estimated coefficient; inclusion therefore
should reduce the estimated coefficient). However in the framework used in this
paper there is an existing negative bias on tenure, the performance ratings added to the

equation will act as a proxy for match quality and reduce some of the negative bias.
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Appendix 1

Probit estimations for weighting function

Constant

Grade on Entry'

Gender

A-levels

O-levels

Asian/Asian British
Black/Black British
Gender*A-levels
Gender*O-levels
Gender*Asian/Asian British
Gender*Black/Black British

Gender*Grade on Entry

XZ

Log Likelihood
N

t=89
Coefficient
(Std.Error)
-0.924
(0.026)***
0.036
(0.032)
0.150
(0.056)***
-0.466
(0.047)***
-0.450
(0.037)***
-5.210
(0.343)***
0.029
(0.140)
0.012
(0.063)
-0.009
(0.045)
3.479
(0.000)
-0.262
(0.163)
-0.113
(0.060)*

762.37
-12380.52
30778

t=94
Coefficient
(Std.Error)
-1.506
(0.033)***
0.003
(0.039)
-0.003
(0.073)
0.124
(0.049)**
0.143
(0.040)***
0.306
(0.136)**
-0.017
(0.170)
-0.012
(0.066)
-0.006
(0.049)
0.076
(0.161)
0.018
(0.192)
0.029
(0.077)

67.46
-8390.89
30778

t=99
Coefficient
(Std.Error)
-1.798
(0.040)***
0.041
(0.046)
-0.318
(0.107)***
0.247
(0.055)***
0.189
(0.046)***
0.384
(0.146)***
-0.083
(0.206)
0.016
(0.075)
0.043
(0.058)
-0.024
(0.178)
0.226
(0.229)
0.237
(0.111)**

124.07
-5598.56
30778

TIf staff on entry, grade on entry=1, 0 otherwise
* significant at 10%; ** significant at 5%; *** significant at 1%
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