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Introduction

The literature on the minimum wage is enormous. Most of that literature focuses on the
employment effect or lack thereof (see, for example, Neumark and Wascher, 2008, for a recent
survey or Dube, Lester and Reich, 2010; Giuliano, 2012, for more recent US studies than
covered in that survey, or Metcalf, 2007 or Butcher, 2012 for surveys of the UK evidence). But,
although the impact of minimum wages on employment remains a contentious issue, most of the
studies suggest the effect is small, perhaps centred around zero, at least for levels of the
minimum wage observed in countries like the US and UK. But it is also becoming apparent that
the economic effect of the minimum wage on wage inequality is not small. For example,
diNardo, Fortin and Lemieux (1996), Lee (1999) and Teulings (2000, 2003) concluded that the
fall in the real value of the federal minimum wage in the US in the 1980s could explain all of the
rise in lower-tail wage inequality in that period. Autor, Manning and Smith (2010) argue that
impact may be exaggerated but nevertheless conclude that minimum wages do have a non-
negligible impact on wage inequality. But, if the impact on wage inequality and not employment
is the first-order effect of the minimum wage then the existing literature on the minimum wage
has been poorly focused.

One of the weaknesses is the absence of a theoretical framework for thinking about how the
minimum wage might affect wage inequality. Where we have competitive or monpsony or
search models of the impact of the minimum wage on employment, we have much less in the
way of models of the impact of the minimum wage on wage inequality. The second section of
this paper reviews existing theories of the impact of the minimum wage on wage inequality and
argues they have limitations, albeit ones that differ from model to model. In the third section,
this paper goes on to develop a plausible model of the labour market in which the minimum
wage has an impact on wage inequality but (possibly) no effect on employment. The model,
presented in the next section, is one in which aggregate labour supply is inelastic but labour
supply to an individual employer is not. Effectively this means that employers are competing
with each other for market share of the available (fixed) supply of workers. They compete for
workers using both the wage and hiring expenditure. In the benchmark model we present, the
employment effect is constrained to be zero (to focus on the wage inequality issue) though a
simple modification would change that.

The paper then goes on to consider the impact on wage inequality of the UK’s National
Minimum Wage (NMW) that was introduced in 1999. The fourth section of the paper introduces
the data used and presents some background on trends in wage inequality showing that wage
inequality at the bottom of the distribution has fallen. The fifth section then argues that the
pattern of this reduction in wage inequality is consistent with an impact of the NMW as the
reduction in wage inequality has been largest in low-wage segments of the labour MARKET
(whether it is women as opposed to men, the young as opposed to the old or low-wage regions as
opposed to high-wage regions). This section also investigates other possible hypotheses but
finds little evidence for them. But this analysis does not tell us whether spillovers exist, and, if
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they do, their nature and extent. That is investigated in the sixth section, where we use the
insights of the model developed earlier in the paper. We present simple direct evidence that
there have been spillovers and show that the impact of the NMW extends up the wage
distribution to the 25" percentile.

Our conclusion is that it is relatively simple to construct plausible models of the labour market in
which minimum wages have large effects on wage inequality but no effect on employment — we
present one but there are certainly others. Secondly, the UK’s NMW does seem to have sizeable
spillover effects and has resulted in a sizeable fall in wage inequality since its introduction in
1999.

2. Existing Models of the Impact of the Minimum Wage on Wage Inequality

There are not that many models designed to explain the impact of the minimum wage on wage
inequality. But the few that there are, are reviewed here. Some of them explicitly seek to model
the impact of minimum wages on wage inequality while in others it is an implication of the
modelling.

In a perfectly competitive labour market in which workers have an exogenously given marginal
product the effect of the minimum wage would be to truncate the latent wage distribution at the
minimum wage. There would be associated job losses. In this case there are spill-over effects

that come through the job loss. If the distribution function of wages in the absence of minimum

wages is F *(w) and the minimum wage is w" then the observed distribution of wages will be:

F(w)= (1)

In this case the minimum wage will affect the observed distribution of wages with apparent
effects that reach above the minimum i.e. there are spillover effects. This idea was used by
Meyer and Wise (1983a, 1983b) to estimate the effect of the minimum wage on employment
though the actual model they estimated was more complicated as described below and Dickens,
Machin and Manning (1998) argued that it is a method that seems very sensitive to assumptions
about functional form. However, there are problems with it as a model of the impact of the
minimum wage on inequality. First, the size of the impact depends on the size of the

employment effect — if that is small then F * (w"’ ) is small and the impact on wage inequality in

(1) must also be small.

This paradox is addressed in the work of Teulings (2000, 2003) who relaxes the assumption that
marginal products are endogenously given independent of wages. Teulings (2000, 2003) uses a
model with the feature that the elasticity of substitution between workers is increasing in the
distance (measured in skills) between them. Workers with similar latent wages will be close



substitutes so that something that affects the wage of one group must also affect the wage of
workers who are very close substitutes. He argues that this high degree of substitutability
between some groups of workers is consistent with estimates of the degree of substitution
between different types of workers because these estimates suffer from an aggregation bias.
Teulings (2000, 2003) shows there can be sizeable spill-overs even if the employment effect is
small. But, there still has to be some employment affect — this is a competitive model with
workers paid their marginal product so if there was no employment effect marginal products and
wages would be unchanged which is inconsistent with the existence of a binding minimum wage.

In addition both the Meyer and Wise and Teulings models cannot predict the existence of a spike
of workers at the minimum wage itself though this IS typically observed in the data. Meyer and
Wise (1983a,b) introduce an assumption that a fraction of affected workers have their wage
raised to the minimum (and also that there is a certain amount of non-compliance) justifying this
assumption either that labour markets are segmented (though the patterns of substitution required
for this are not plausible), that employers can adjust fringe benefits (though Simon and Kaestner,
1993, and Card and Krueger, 1995, find little evidence for this) or there is some monopsony. As
Teulings (2003, p832) writes “The emergence of a spike in the wage distribution strongly
suggests the existence of frictions in the labour market”. So it seems likely that we need a model
of the labour market with some degree of imperfect competition if one is going to be able to
explain the fact that the minimum wage does not (for observed values of the minimum wage)
seem to be associated with large changes in employment and there is a spike at the minimum
wage.

Flinn (2006, 2010) presents a matching model where employers who vary in their productivity
and homogeneous workers bargain individually over wages. This model predicts a spike,
ambiguous effects on employment, and spill-overs'. However the assumption that minimum
wage workers bargain individually over wages does not seem particularly appealing. For
example, Machin and Manning (2004) look at the distribution of wages among care workers in
UK retirement homes (an occupation where about 30% of workers were paid the minimum
wage). They showed that a very large fraction of firms paid all their care assistants the same
hourly wage and that the distribution of hourly wages was much more compressed within firms
than any other characteristics of workers. It is hard to rationalize that using a model of
individual wage bargaining. Similarly, it is hard to explain why employers often do not seem to
take advantage of lower youth minimum wages when available if individual bargaining is taking
place. The other tradition of modelling frictions in the labour market — wage-posting by firms —
seems more appropriate. The next section develops such a model.

The reasons why wages are not individualized by firms is not clear but a number of authors have
suggested it is because workers are motivated by concerns of fairness and that this can also

! The precise form of spill-overs in the Flinn model is probably not very realistic though we show
below how one might modify the model to produce more realistic predictions.
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generate spillovers from the minimum wage. For example, Grossman (1983), one of the first
papers on the impact of the minimum wage on wage inequality develops an efficiency wage
model in which effort is a function of relative wages and Falk, Fehr and Zehnder (2006) present
some experimental evidence on the possible importance of such effects.

3. A Simple Theoretical Model of the Impact of the Minimum Wage on Wage Inequality

This section presents a model of wage-posting by employers where the labour supply curve to an
individual employer is not perfectly elastic. The canonical model of this type is Burdett and
Mortensen (1998) but, as is well-known, this model cannot predict a mass point at any place in
the wage distribution. However, that result comes from the assumption that all workers will
move for any wage gain, however small, an assumption that is very convenient for their analysis
but not particularly plausible and something that is not an intrinsic feature of wage-posting. In
contrast the model here uses a reduced-form static labour supply curve to the employer. Thisis a
‘reduced form’ model but can be derived from an underlying model of discrete choice in which
worker preferences over employers are idiosyncratic so some workers prefer one employer to
another if they pay the same wages, while other workers have the opposite preferences.

Assume that employers differ in their marginal products of labour — denote the distribution of log

productivity by g (a). Employers compete over a fixed supply of workers, L . The share of
labour supply going to firm i can be influenced by the wage that it pays, W,, and how much it

spends on hiring, H,. Assume the labour supply to an individual firm is given by:

exr B
= Wi Hi L=W‘H’X 2)
j W(A) H(A) dG(A)

1 1

Where W (A) is the wage chosen in equilibrium by a firm with productivity A, H (A) is the
expenditure on hiring and X is the denominator in (2). One would expect &, >0 and, for

reasons that will become apparent one needs to have <1 so there are decreasing returns to

hiring activity (see the discussion in Manning, 2011). This could be justified by assuming that
firms begin to exploit the readily available pool of workers. This specification means that
aggregate employment in this model will be completely unchanged by the minimum wage as the
integration of the numerator over all the firms is equal to the denominator. One could alter this
assumption by, for example, making L. depend on some index of aggregate wages and hiring
activity. This would have no consequence for the distribution of equilibrium wages as long as it
does not depend on variables under the control of individual firms. Thus, to keep notation simple,
we assume L is fixed. So, this is a model custom-built for explaining changes in the distribution
of wages in a situation where, as the evidence suggests, the minimum wage has little impact on
aggregate employment but might redistribute employment across firms. But, it is not suitable as



a model for thinking about the employment effect of the minimum wage over the full range of
variation.

First consider the equilibrium in the absence of the minimum wage. An employer with
productivity A will choose W and H to maximize profits:

M, =[A -W]N,-H, ®
This leads to the following first-order condition for the choice of hiring intensity:

oIl, ON,
i JA-W]/—L=1=0 4
oH, [A’ ’]E)H. X

1

Aslongas A >W,. Re-arranging and using (2) leads to:
H,

A-W | =— 5

[4-W)=5 5)

The intuition for this first-order condition is that the more profitable is a worker the greater the
expenditure on hiring per worker. The first-order condition for the choice of the wage will be
given by:

. ON.
—L=|A-W.|—-—-N. =0 6
[4-W] =N, (6)
That, re-arranging and using (2) can be written as:

Wi:iAi 7
1+¢&

This should be recognized as the standard formula for the optimal wage chosen by a
monopsonist - wages are below marginal products with the gap influenced by the wage elasticity
of the labour supply to the firm. Taking logs and using lower-case letters to denote logs leads to
the following expression for the log wage chosen by a firm with productivity A in a market with
no minimum wage:

w*(a)=lne-In(l+€)+a (8)
If one is at the optimal wage one can obtain, after using (7) in (5) and taking logs that:
h*(a)=n*(a)+a-In(l+€&)-In B (9)

And taking logs of the labour supply curve (2)we have that:



n*(a)=ew*(a)+ ph*(a)—x (10)

One can solve these equations for the equilibrium levels conditional on X. For employment this
is given by:

n*(a)=

: 1,8[ (e+B)[a-In(1+¢)]+€elne—pBInf-x| (11)

One could then solve for X but as this affects employment in the same way, this has no
consequence for the equilibrium wage distribution which is the ultimate focus of interest here.

Now consider when a minimum wage of W™ (or w"” in logs) is introduced. Consider what
happens. First for those firms with w*(a)>w", they will continue to pay the same wage as
before. But those firms with w*(a)<w" will now pay the minimum wage. However this does

not mean that the new wage distribution will be a simple censoring of the old distribution
because the distribution of employment across firms will change. Those firms paying above the

minimum wage will have the same level of N *(a) up to possible changes in X.

What happens in the firms paying the minimum wage is more complicated. First, note that firms

with A<W" will have zero hiring expenditure and hence zero employment and will, hence,
effectively go out of business®. So the minimum wage will act to truncate the distribution of

active firms in the market. For firms with A>W" >W * (A) the first-order condition for the

choice of H as given by (5) will remain valid so that, taking logs we will have that:
h*(a,w"’)=n*(a,w"’)+ln[e”—ewm}—lnﬂ (12)
Using (10) we then have that employment will be given by:

n*(a,w’")

_ﬁ[sw’"—f-ﬁln[e —e" J—ﬂlnﬁ—x} (13)

Changes in the minimum wage have an ambiguous effect on employment (conditional on X).
Simple maximization of (13) shows that employment is maximized when:

Wﬁ’l —

£
14
B+e (14

*Thisisa product of our assumption that firms have constant returns to scale. If there were decreasing returns to
scale then at least some of these firms would remain in business, not cutting their recruitment activity to zero.
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This is analogous to the result that a just-binding minimum wage on a monopsonist must
increase employment but if the minimum wage is too high then employment will begin to
decline, eventually to zero. So, if we impose a minimum wage then, for a given X, employment
will look like that drawn in Figure 1.

Now let us consider what this theory implies about the distribution of wages. First, consider the
equilibrium wage distribution in the absence of the minimum wage — we will call this the latent

wage distribution and denote it by F *(w). For every wage we can derive from (7) the firms

which will have that level of wages — denote this by a*(w). We will then have:

[ " N *(a)dG(a)

F*(w) (15)

j N*(a)dG(a)

We are now in a position to work out how the distribution of wages changes with the minimum
wage. Note that X will also change but, from (11) and (13) this affects employment in all firms
equally so we do not have to derive it to work out how the distribution of wages change.

We will have a spike at the minimum wage and the size of this spike will be given by:

j:(w) N* (a, w" )dG(a)

F(w")= (16)

f*(w‘ ) N * (a, w” ) dG(a)+ I o) N*(a)dG(a)
Where we will use the notation that N * (a, w" ) =0 if a<w". For w>w" we will have that:

j() N*(a,w")dG(a) + j(”) N*(a)dG(a)

F(w)=—205 (17)
j“ ! N*(a,w’")dG(a)+L*(WW)N*(a)dG(a)

Note that we can write (17) as:
F(w):F(w’")+ 7[F*(w)—F*(w’")] (18)
As the highest wage must be the same we must have:

1—F(w’")

:l—F*(w’") 1o

/4

When (18) can be written as:



1= F (w) I_F(Wm))[l—F*(w)]:;/[I—F*(w)] (20)

B l—F*(w’"

¥ 1s the ratio of the fraction of workers who are actually paid above the minimum compared to

the fraction that would have been predicted to be paid above the minimum based on the latent
wage distribution. In what follows we will use &=y —1 which, from (19) will be given by:

S ImF() )R ()
1-F*(w") 1-F*(w")

(21)

In what follows we will examine this so and we will give it a name — the Residual Spike as it is
related to the difference between the actual and the predicted spike where the prediction is based
on the wage distribution in the absence of the minimum wage.

How would we expect 8 to vary with the level of the minimum wage? To investigate this note
that, using (15) and (17) we can write:

J‘j:(wm)[N * (a, w" ) -N* (a)]dG(a)

0= (22)

[Tt o [ (araco

—oco

From (22) one can see that an increase in the minimum wage reduces (raises) € according to
whether f*(w )[N *(a, w"’)— N *(a)} dG(a) rises (falls). How this term varies with the
minimum wage is theoretically ambiguous because the term [N * (a, w" ) -N* (a)} will be

positive for a close to a* (w’") but negative for low values of a. But we can say that 6 will be

equal to one for very low values of the minimum wage (when the minimum wage has essentially
no effect on the wage distribution) and will tend to infinity as the minimum wage becomes very
high. In the empirical section later in the paper we show how the residual spike seems to vary in
the data with the bite of the minimum wage.

This model — see (20) - has a very specific prediction about the form of spill-overs namely that
1-F (w)
1-F*(w)
is that the density of wages for all wages above the minimum is shifted by the same proportion.

To see this, differentiate (20) to get the density, then take logs to get:

should be a constant and equal ¥ as defined in (19). One of the implications of this

In f(w)=1In }/(w"’)+lnf*(w) (23)



Differentiating this with respect to w” we have that:

oln f(w) _7'(w") o
ow" }/(w'”)

So that the log density for all wages above the minimum wage is predicted to rise in the same
proportion. However, this strong result is based on the assumption that we observe a single
segment of the labour market in which all workers are homogeneous. In any empirical
application this is a prediction that is unlikely to be satisfied and it is likely that what we will
observe is a mixture of the outcomes of different labour markets. So we now turn to altering the
model to allow for the existence of heterogeneous labour markets.

The particular way we will investigate the consequence of worker heterogeneity is the following.
We will assume that within an observed labour markets there are different sub-markets e.g.
workers are differentiated by skill — let us denote the skill of a worker by s. In the absence of the
minimum wage we will assume that the distribution of wages in a skill segment is given by

F*(w=s) (we will use tilde’s to denote outcomes in individual labour markets) so that labour
markets differ in their wage distributions by a simple translation. Denote the distribution of

skills by g(s). What this means is that the aggregate latent wage distribution is given by:

1—F*(w):I[l—ﬁ*(w—s)]g(s)ds (25)

Now consider what happens with the imposition of a minimum wage. We will use the model
above as the basis for what happens within a skill segment and then aggregate up across skills to
get the prediction for what happens at regional (aggregate) level. So, using (19) let us define:

. _ I—F(w’”—s)

7(W —S)—m (26)
Using (20) we then have that:

l—ﬁ(w—s):;7(w’"—s)[1—1:"*(w—s)] (27)

From this we obtain the observed overall distribution as:
1—F(w):I?(w’”—s)[l—ﬁ*(w—s)]g(s)ds (28)

We are now in a position to prove the following result.



1-F(w-p)
1—F*(w—,u)

wage and ;7(w’” - s) decreasing in its argument.

Result will be decreasing in the wage if [1 —F*(w- s)] is log-concave in the

Proof: Differentiating (28) with respect to w we have that:

3 { 1-F (w) } Jo(w —S)aln[l_g;(w_sﬂ [1-F*(w=s)]5(s)ds
_ ]

w| 1-F*(w)

_E(T’(w’” —S) aln[l};W*(ws)]}—E(f’(wm—S))E[aln[lg;(ws)]]
=COV[7~/(W'" S)’aln[lf;:(ws)]J

(29)

Where all expectations are relative to the distribution [1 —F *] g. If [1 —F *] is log-concave in

aln[l—ﬁ*(w—s)]
ow

decreasing in s so that the covariance between the two is positive leading to the desired result.

the wage then is increasing in s. And the assumption is that ;7(w’" - s) is

Although the algebra behind this result may seem involved, the intuition for this is
straightforward. For wages that are far up the distribution very few of these workers are from
segments where the minimum wage has a large impact on the wage distribution. Hence, at this
point a change in the minimum wage has very little impact on the distribution of wages.

This section has developed a model of the impact of the minimum wage on the wage distribution
that remedies the deficiencies of other models. It suggests that the minimum wage is likely to
have spillovers and suggests looking at the residual spike as a quick measure of ascertaining
whether there are spillovers or not. It has shown how one would expect the spillover effects to
dissipate as one moves up the wage distribution. It is likely that there are other models one could
develop with similar predictions — the intention here is to show how one can construct a plausible
model. We now turn to an empirical application, the impact of the UK’s NMW on the wage
inequality.
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4. Trends in UK Wage Inequality

In this paper we use data from the British New Earnings Survey (NES) and its successor the
Annual Survey of Hours and Earnings (ASHE) to investigate the impact of the NMW introduced
in 1999. NES/ ASHE is the best source of wage data in the UK for such analysis. Itis an
employer reported survey of one percent of employees in employment taken in April of each
year. Being employer reported, the wage measure is very reliable and is much less prone to
measurement error problems than alternative data sources such as the Labour Force Survey (LFS)
(Dickens and Manning, 2004a). However, the ASHE is not completely without its own
problems and is likely to be subject to sampling issues. Since the 1% of employees are traced
through tax records it can under-sample low paid workers who do not earn enough to pay tax and
in the late 1990s it was perceived to under-sample highly-paid workers. In recent years weights
are available to address these issues but typically make little difference to the conclusions so, to
enable comparisons with earlier years, we use unweighted results throughout. We use the hourly
wage excluding overtime and restrict attention to workers aged 22 and over as this is the group
for whom the adult minimum wage has always applied.

We start by presenting some background trends in wage inequality. Figure 2 shows some
headline statistics for UK Wage inequality. Reported are the percentile ratios for the (log) of the
90"/50™ percentiles, 50"/10™ percentiles and 50"/5"™ percentiles for all workers aged over 22
years (to whom the adult minimum wage has always applied). Figure 2 clearly shows the rise in
wage inequality that occurred from the late 1970s. Wage gaps at the top and bottom of the pay
distribution widened with increasing differences between the 90" and 50" percentiles and the
50™ and 10" percentiles, and indeed even the 50" and 5™ percentile. However, since the late
1990s wage gaps at the top and bottom have taken a different course. While inequality at the top
of the pay distribution has continued to rise over the period it is clear that inequality at the
bottom has been falling quite sharply. This fall is most striking at the very bottom with the
50"/5™ ratio falling by almost 10% points.’

Interestingly this divergence in the behaviour of wage inequality at the top and bottom of the
wage distribution coincides approximately with the introduction of the NMW (as was pointed
out by Butcher, 2005). But can it be put down to the minimum wage? That is the subject of the
next section.

5. The Impact of the National Minimum Wage and Wage Inequality

a. Aggregate Evidence

In April 1999 the National Minimum Wage (NMW) was introduced in the UK which at that time
had no form of minimum wage legislation since the abolition in 1993 of the Wages Councils that

3 Note that this wage compression is only evident in hourly wages. Weekly wage inequality at the bottom

of the pay distribution has been largely unchanged in the recent decade (Machin, 2011).
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had set industry-level minimum wages (see Butcher, 2012 for a recent overview of the NMW).
The adult NMW that applied to those aged 22 and above, was introduced at £3.60 an hour or at
approximately 46% of the median hourly wage. There was a lower rate for those aged 18-21
inclusive and 16-17 year-olds were not initially covered. Subsequently a lower rate for 16-17
year-olds has been introduced and the adult rate extended to those aged 21. We restrict our
analysis to those aged 22 and above for whom the adult minimum has always applied.

After a couple of years of relatively modest increases, the NMW was increased substantially
faster than both inflation and average wage growth between 2001 and 2007. Figure 3 presents
the change in “toughness” of the NMW against the change in the summary inequality measure;
the 50"/5™ percentile. “Toughness” is measured here as the ratio of the NMW to median pay.
On introduction, the NMW was 46% of median pay. The NMW was only increased modestly in
the following years. However, toughness increased sharply in the early to mid-2000s with some
4-6% points increases in the ratio of the NMW to the median wage. One can see a strong
correlation between these changes in toughness and the 50"/5™ percentile ratio. In years when
the NMW is raised in relation to median wages we see a fall in bottom end wage inequality.

Figure 4 presents the wage inequality changes in a little more detail. Here we report the change
in the (log) real wage at each percentile between 1998 and 2010 for adult workers. The largest
wage increases are at the very bottom of the pay distribution; with the bottom percentile
experiencing just under 50% real wage growth over this period, compared to approximately 18%
at the median. The largest wage increases are among the bottom 5 percentiles of the distribution,
consistent with a direct impact of the NMW. But we observe increases relative to median wage
change further up the wage distribution. Wages at the bottom appear to be rising relative to the
median right up to about the 20-25" percentile.

It is tempting to assign these relative wage increases at the bottom of the distribution to the
National Minimum Wage. But it is important to realize that such a conclusion would imply
sizeable spillover effects. Although the Low Pay Commission initially estimated that about 8%
of workers would be paid the minimum wage (Low Pay Commission, 1998) this turned out to be
an over-estimate and the actual numbers paid the minimum wage probably did not exceed 5%.

However, this aggregate time series evidence is suggestive but hardly conclusive — there are
other factors that may have been at work in influencing wage inequality. But there is a
fundamental problem in determining whether the fall in wage inequality can be ascribed to the
minimum wage that is caused by the fact that the NMW is what it says on the tin, a national
minimum wage with only time series variation. Obviously there is not much we can do about
that so our approach in this section is to provide more evidence that it is likely to be the
minimum wage that is causing the fall in wage inequality. We do this in two ways. First by
showing that the declines in wage inequality vary across labour market segments in exactly the
way we would predict if it was caused by the NMW. Secondly, we try to control for other
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relevant factors that might be influencing wage inequality and discover they have little
explanatory power.

b. Gender and Age

The NMW has much more bite in the segments of the labour market where the general level of
wages is lower so we would expect changes in wage inequality to be largest in low-wage
segments of the labour market. We first provide evidence that this is the case. Figures 5a and 5b
compare the reduction in wage inequality for men and women respectively. At the top of the
distribution we see pay inequality rising much faster among men than women. At the bottom
end we see compression among both men and women but this is both larger among women and
also works further into the distribution. The fall in the 50"/5™ ratio for women is about 10%
compared to 4% for men. In addition, the 50"/10™ ratio falls significantly for women but barely
changes for men. The reduction in wage inequality is much more marked for women than men.
This is consistent with the impact of the NMW.

Figure 6 compares the reduction in wage inequality across different age groups. Here we report
wage inequality at the very bottom of the distribution; the ratio of the 50"/5% percentile (log)
hourly wage. We restrict our attention to workers aged over 22 as this is the age at which an
individual qualifies for the adult NMW. The reduction is sharpest for the youngest age groups
where the level of wages is lowest and the minimum wage has the biggest impact. This
reduction is particularly noticeable among the under 30s. In fact, inequality among all age
groups other than the under 30s is largely unchanged since 1999.

C. Region

Both of these findings are consistent with an impact of the NMW but are also consistent with a
general change in the price of skill e.g. if the demand for lower-skill workers rises relative to the
average (perhaps because of polarization — see Autor, Katz and Kearney, 2006; Goos and
Manning, 2007). One way to address this concern is to look at the change in wage inequality in
high and low-wage regions (Lee (1998) used a similar approach to investigating the impact of
minimum wages in the US in the 1980s, a period when few states deviated from the federal
minimum). In alow-wage part of the UK (like Wales) the NMW has a larger impact than in a
high-wage area (like London) so, if the NMW has reduced wage inequality, we would find a
larger reduction in wage inequality in Wales than London. The advantage of this approach is
that differences in wages across regions are not driven primarily by differences in skill, rather by
differences in house prices which in turn reflect differences in the demand for labour.

We define our regions in the same way as in Dickens, Riley and Wilkinson (2011). Here we
group Unitary Authority level data from both ASHE and the Labour Force Survey (LES) into
135 local labour markets. As a measure of the level of wages in each area we use the log of the
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median hourly wage in 1998 i.e. before the introduction of the minimum wage. Our results are
robust to using other measures e.g. the fraction of workers paid below some threshold wage in
1998.

Figure 7 plots (for our 135 areas) log changes in the 5t percentile of hourly wages against the
log median wage in 1998. The linear regression and kernel regression lines are also shown.
There is a significant negative relationship showing that areas with lower wages in 1998
experienced greater wage growth over the following decade. This is consistent with the impact
of the minimum wage. Although these results are consistent with the NMW having had an
important impact on wage inequality, one has to recognize that identification is achieved through
variation in median wages across areas not variation in the (national) minimum wage. We
perform a number of robustness tests to allay concerns in this regard.

First, it might be the case that, for whatever reason, there is a correlation between changes in
wage inequality in general and the initial level of wages. Our first robustness check is to see
whether we find a relationship between wage change and initial wages at other percentiles. The
figures reported so far are for selected percentiles. We have plotted these for all percentiles but
to summarize we present the OLS regression coefficients from these plots. Figure 8 presents the
coefficient 131 from the equation below, and the associated 95% confidence bands.

Ao 10-1005 l0g(Wage at percentile i), = £, + f,log(Median in 1998),

The coefficients at the lowest percentiles are negative and significantly different from zero. For
example, in the bottom 5 percentiles we estimate coefficients in the range -0.2 to -0.3. This
implies that a region with a 10% lower median wage in 1998 will experience 2-3% higher wage
growth at those percentiles over the period from 1998 to 2010. The estimated coefficients
increase at higher percentiles so that by the 35" percentile we find no significant relationship
between initial median and subsequent wage growth. None of the higher percentiles are
significantly different from zero which adds weight to the argument that this is a minimum wage
effect. We do see (insignificant) negative coefficients for the top few percentiles but this could
be due to measurement error in these percentiles.

As a further robustness check we conduct the same exercise on a period before the introduction
of the National Minimum Wage. A concern with our identification assumption is that latent
wage growth is correlated with the initial wage, so that wages grow faster in low wage regions
even in the absence of the minimum wage. We can check to see if we find this pattern in the
1990s. For this we use data from the New Earnings Survey (NES) from 1993 to 1998. We only
go back to 1993 since before then the Wages Councils set industry level minimum wages in
certain low paying sectors. The area information in the NES is somewhat different and less
detailed than that contained in the ASHE data. Here we have consistent information on 97 areas
across Great Britain, which largely follow the Counties that were in existence, plus the London
boroughs. Figure 9 presents the OLS coefficients from the regression below of wage growth in
the period 1994-1998 across the regions.
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A o5 1004 l0g(Wage at percentile i), = S, + Blog(Median in 1993),

The results are quite reassuring. We do find a significant negative impact in the 1* percentile
and also around percentiles 6-8. But for the other percentiles the coefficients are not significant.
The effect at the very bottom may be a result of measurement error. In general, we do not find
the very clear relationship that we observed from the ASHE data in Figure 8. This is suggestive
of no relationship between initial wages and wage growth in the period before the NMW was
introduced, which is reassuring for our identification assumption.

The evidence presented so far is consistent with an impact of the NMW but we have only
considered one variable at a time. The next section combines gender, age and region in a panel
data analysis that also allows us to consider alternative hypotheses for the changes in wage
inequality.

e. Panel Regressions

To combine gender, age and region we segment the labour market into two age groups (above
and below the age of 30), the two genders and the 135 areas described above so there are a total
of 540 segments. Because of small cell sizes in some areas some of the segments are not
populated in all years. Hence, we exclude four areas from this analysis (West Somerset, Orkney,
Shetland and Western Isles) leaving 524 cross section segments. These segments differ in the
general level of wages and the hypothesis that we seek to test is that those segments with lower
levels of wages will have had sharper falls in wage inequality at the bottom end as a result of the
NMW. Some descriptive statistics are presented in Table 1.

We estimate panel data models where the dependent variable is the change in the percentile from
one year to the next in our 524 segments. Some of these segments have small numbers of
observations in individual years so the estimate of the percentiles is imprecise but all the
regressions that follow are weighted to take account of the greater sampling variability in some
segments. We are interested in the correlation of changes in the NMW with changes in the
different percentiles. Of course all areas are subject to the same change in the NMW from one
year to the next so one cannot identify this aggregate effect from the time effects that one also
has to include. Our identification is based on the idea that the impact of changes in the NMW
should be greater in low-wage than high-wage areas. So, if the NMW increases by more than
national median earnings then we would expect to see relatively faster growth in earnings at low
percentiles in the low-wage regions. So the crucial variable we use to test our hypothesis that the
minimum wage can explain changes in wage inequality is the interaction of the change in the
NMW as a fraction of aggregate median earnings with a measure of the segment-level wage.
This estimate is computed by estimating a model for log median earnings with aggregate year
effects and segment effects and then using the segment level coefficients, 5., as our measure of

the general level of wages in the segment. We actually use the exponent of the negative of the
regression coefficient as our measure as this predicts that as the segment wages becomes very
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large the impact of changes in the NMW will go to zero. However we obtain similar results if
we use the regression coefficients themselves.

So the models we estimate are of the following form:

Aw! = ye " ANMW, + fix,, + €, (30)

Where Aw” is the annual change in the pth percentile in segment r in year t, 5, is a measure of
the average level of wages in segment r, ANMW, is the change in the NMW as a fraction of
median earnings, and x, are other controls. We use the level of the toughness of the NMW

rather than the more conventional log because we include in our sample period the period before
1999 when the minimum wage was zero.

In Table 2 we report specifications with a variety of other control variables. In our base
specification we simply include aggregate time effects to catch general movements in wages, a
gender dummy to capture the falling gender wage gap and an age dummy to capture increasing
returns to experience. We also include an interaction between the gender and age dummies. The
inclusion of time effects means we cannot identify the total effect of the NMW just the
differential effect between high and low-wage segments. The first row of results shows the
estimated impact of our NMW variable ( ) on earnings at the 5, 10", 25®, 50®, 75" and 90™

percentiles for our base specification. This shows a significant effect at the 5™ and 10™
percentiles and an effect that is significant at the 10% level at the 25™ percentile but insignificant
effects at higher percentiles. The estimated coefficients decline in magnitude with higher
percentiles. This is consistent with an impact of the NMW. The second row of estimates then
includes area dummies as well so potentially allows regional wage differentials to have a trend.
In this specification identification of the minimum wage effect comes from a comparison of
years in which the increase was large with the years in which it wasn’t. The effects are very
similar to those in the base specification, except now the impact at the 25" percentile is
insignificant. It is worth noting that the area dummies themselves are jointly insignificantly
different from zero (F(130, 6665) = 0.39).

These estimates assume that all the impact of changes in the NMW are contemporaneous — it is
possible that the process of adjustment takes time. So the third row of results reports
specifications where we include a lag of the minimum wage variable. Here we report the ¥
coefficient on the current period and lagged minimum wage term. The lagged terms are
generally insignificant except at the 25" percentile where it is significantly different from zero at
the 10% level suggesting that it does take time for the minimum wage to have its full effect
further up the wage distribution. This finding is capable of explaining why the earlier studies of
the impact of the NMW on wage inequality (Dickens and Manning, 2004a,b) found a small
effect and the studies that only investigate year-to-year changes (Stewart, 2012a,b) find no
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evidence for spill-over effects (though Butcher, 2005, did suggest there might be some spillover
effects).

We now investigate whether these conclusions are robust to the inclusion of other controls by
discussing other possible explanations for changes in underlying wage inequality. The last
decade or so has seen significant changes in the skill structure of the workforce, with increasing
education levels (Machin, 2011). Furthermore, net immigration rose sharply particularly in the
mid-2000s with the accession of countries to the EU. These, and other, changes may help to
explain part of the change in wage inequality observed during this period. These changes in the
distribution of individual characteristics such as skills may have resulted in wage changes
themselves. In addition, there may have been changes in the “price” associated with different
characteristics. In order to understand the former we conduct the following exercise. Using the
ASHE data we can estimate the extent to which changes in the observed characteristics of
individuals can explain wage changes. Taking data from just the years 1998 and 2010, we
estimate the probability that an individual is present in 2010 using a probit model on the
following characteristics; sex, age dummies, full time/part time status, occupation and industry
dummies. We then use the predicted probabilities from this model to re-weight the wage from
the 1998 distribution. This gives an estimate of the wage distribution in 1998 if individual’s
characteristics changed to how they are in 2010.

Figure 10 presents the estimated (log) real wage change at each percentile arising from changes
in characteristics, and also reports the actual change for comparative purposes. We can see that
changes in characteristics explain very little of the observed wage change over this time period.
In fact, characteristics changed in such a way that would have reduced wages at the lower
percentiles of the distribution relative to median wages. The characteristics we observe in the
ASHE data do a very bad job of explaining the observed pattern of aggregate wage changes over
this period.

However, this re-weighting procedure is based on the assumption that the wages associated to
different characteristics are stable over time. This may be a poor assumption and there are a
number of reasons why one might think that the wages of low-skilled workers might have been
increasing even in the absence of the NMW. The other main hypothesis put forward to explain
the evolution of regional wage inequality in this period is immigration (Dustmann, Frattini and
Preston, 2012). They present evidence for the period 1997-2005 that areas with high levels of
immigration have experienced relatively lower rises in wages at lower percentiles and higher
rises at higher percentiles. They do not control for the impact of the NMW which is introduced
in the sample period and, as this is a period of a fall in wage inequality in the bottom half of the
wage distribution their conclusion is that the fall would have been even larger in the absence of
immigration. The fourth row of Table 2 includes a measure of the change in the proportion of
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migrants measured at the area level. The minimum wage effects are unchanged with significant
impacts from the minimum wage variable at the 5™ and 10" percentiles®.

It is natural to ask how what fraction of the change in wage inequality these estimates imply can
be ascribed to the impact of the NMW. But answering that question is hard because while the
estimates can give us an estimate of the differential impact between low and high wage segments
of the labour market it cannot tell us what the effect common to all segments is as the aggregate
change in the NMW cannot be identified separately from the year effects. However if we are
prepared to make the assumption — not altogether implausible — that the NMW has had no effect
on wage inequality in the highest wage segments then one can provide some estimates. If the
NMW has had some effect on all segments then this represents a lower bound for the
contribution of the NMW. Table 3 presents some estimates of the contribution of the NMW to
the change in wage inequality. We present estimates for 4 broad segments — men and women,
under and over 30. Our estimates are the following. First we estimate models for the evolution
of percentiles without any control variables apart from age, gender and their interaction and a full
set of year dummies. The sum of all the relevant coefficients give us an estimate of the total
evolution of each percentile in the period 1997-2010. These estimates are reported in the first
two rows of Table 3 for the log 50/5 and the log 50/10. We then estimate the model reported in
the first row of Table 2 — this now allows for some impact of the NMW. We can add up all the
segment and year coefficients in this specification to get an estimate of the underlying trends
controlling for the NMW. The difference between the two estimates gives us an estimate of the
contribution of the NMW to the observed trends in wage inequality. This is reported in the third
and fourth rows of Table 3.

These results suggest that for young women the contribution of the NMW to the change in the
log50/5 is 0.072 when the total change is 0.135 i.e just over 50% of the decline can be put down
to the minimum wage. For the log 50/10 the contribution is 0.027 out of a total change of 0.064
i.e. a bit over 40%. For men under 30 the predicted contribution of the NMW to the change in
wage inequality is lower (as one would expect) but still sizeable. For the older workers the
observed changes are lower, but the NMW can explain more than the total observed change in
lower end wage inequality.

These estimates should be interpreted with caution. As discussed above, one cannot identify a
pervasive effect of the NMW on all segments separate from the year effects so the identifying
assumption is that there is no NMW effect in the highest-wage segments. The functional form
estimated in (30) was chosen to have the feature that the minimum wage effect goes to zero as
the median wage in a segment becomes very large. But it is possible that the functional form is
mis-specified e.g. (30) forces the NMW effect to go to zero at a particular rate. We did

*It is also worth noting that, differently from Dustmann, Frattini and Preston (2012) we find that
immigration has raised wages at the lowest percentiles though the results are not directly
comparable as we cannot distinguish between natives and migrants in the ASHE.
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experiment with trying to estimate a two-parameter functional form for the impact of the
minimum wage but the variation in the data is insufficient to estimate that. So it is possible that
we over-estimate the impact of the NMW in the higher-wage segments and under-estimate in the
lower wage segments.

The panel regressions presented in this section are consistent with the view that the NMW has
had an effect on the wage distribution, with it possibly taking some years to see the full effect
further up the wage distribution. But the estimates tell us little about the existence, nature and
extent of spillover effects. That is the subject of the next section.

6. Spillover Effects

The first adult minimum wage of £3.60 per hour was predicted by the initial report of the Low
Pay Commission to affect 8% of adults (Low Pay Commission, 1998, Table 7.1) but this turned
out to be an over-estimate caused by deficiencies in the earnings statistics and the true number
was closer to 5%. Dickens and Manning (2004a, 2004b) provided evidence that the NMW only
benefitted those who were directly affected, the implication of this being that the minimum
would only have an impact up to the 5t percentile and had been set too low to make a significant
difference to wage inequality. Figure 11 presents the actual proportions of adults paid below, at
and slightly above the minimum wage in our data. The proportion at or below the NMW never
comes to more than about 4.5%".

Given that the direct impact of the NMW falls on the bottom 5% of workers, at most, this cannot
explain the observed wage changes at the bottom of the distribution, where we have documented
wage increases reaching much further up the distribution than the 5" percentile. This is
suggestive of spillovers, whereby those workers with wages just above the minimum also
experience wage increases. However, the existing UK evidence finds no evidence of significant
spill-overs. Dickens and Manning (2004a) use Labour Force Survey data to look at the impact on
the wage distribution and can find no evidence of spill-over effects shortly after introduction.
Dickens and Manning (2004b) use data from a postal survey of Residential Care Homes. The
minimum wage is much more binding in this sector with 30% of workers affected by
introduction. Despite this they still find no spill-over effect a short period after introduction.
More recently, Stewart (2012a) investigates the change from year-to-year in different percentiles
while Stewart (2012b) investigates whether, from year to year, low-wage workers have
significantly higher wage growth. Both studies find little evidence of spillovers though

> This is lower than the typical estimate of the proportion of workers affected by the NMW that is reported by the
Low Pay Commission. They report and an estimate of the numbers of workers directly affected when the NMW is
raised in October — because of aggregate wage growth the numbers actually paid the minimum wage in our data that

comes from April is lower.
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conclusions are sensitive to the counterfactual assumption made about wage growth in the
absence of the minimum wage.

Taken at face value, these results about the lack of spillovers in the UK are in contrast with
evidence from the US. Lee (1998) and Teulings (2000, 2003) find quite large spill-over effects
that explain a significant proportion of the 1980s and 1990s increase in US wage inequality.
Autor, Manning and Smith (2008) also find significant spill-over effects from the US minimum
wage though argue that it is hard to rule out that these apparent spill-overs are the result of
measurement error in the measures of wages used”.

To look for direct evidence on spillovers we return to our model. That model suggests looking at
the residual spike, the gap between the fraction of workers who would have been paid at or
below the minimum wage in its absence and the actual spike at the minimum wage. The former
is observed, the latter not so needs to be estimated. We estimate this by taking the wage
distribution observed prior to the introduction of the NMW and up-rating it using some
assumption. Our main assumption is to up-rate using the aggregate change in the median though
we also use cell-specific median wage growth.

Figure 12 presents the time series for the residual spike using a number of assumptions to derive
the counter-factual latent wage distribution. As we can see the residual spike is always positive
indicating that the actual percentage of workers paid at or below the minimum is always below
what one would have predicted from the wage distribution in 1998. This is direct evidence for
spillovers. Note that the estimate of the residual spike is very low for the period 1999-2001 so
that it is perhaps not surprising that the studies of the impact at introduction concluded spillovers
were small. However the residual spike is higher in the later years perhaps because the value of
the minimum wage is higher but also perhaps because it took some time for the effects of the
minimum wage to work its way through the wage distribution.

The residual spike is computed at the minimum wage according to the formula in (21). But the
F*(w)=F(w)
1-F*(w)
computed at other levels of the wage should be a constant. In contrast the heterogeneous labour
market model suggests it should decline as one increases the wage. Figure 13 plots the residual

for different multiples of the minimum wage in 2010. We observe a positive residual between
the predicted and actual wage distribution up to 1.4 times the 2010 NMW but it is zero after that.

model of the homogeneous labour market suggests that the same formula when

While this gives some idea of the aggregate impact of the NMW, it does not tell us how the
spillovers vary with the bite of the minimum wage. But if we segment the labour market by
gender, age and broad region we can see from Figure 14 that the relationship between the

% In the US data the fraction of workers observed to be paid below the minimum wage is higher than the fraction
observed at the minimum wage. However, this is not the case in the UK data we use here as we observe under 1%
paid below the NMW in each year. So measurement error does not seem a plausible explanation for the findings.
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residual spike and initial wage is a clearly convex one. This suggests that spillovers increase at
an increasing rate as the minimum wage bites more. In terms of the theoretical model this
implies that the lower-wage firms are cutting back on recruitment activity as the minimum wage
binds on them.

7. Conclusions

Research suggests that, at the levels set in countries like the US and the UK, minimum wages
have no detectable impact on employment but they do seem to have sizeable impacts on wage
inequality that stretch beyond those workers directly affected i.e. there are spillover effects.
However we lack models that can explain even the broad facts about the impact of the minimum
wage on the wage distribution - this paper has presented one. We then studied the impact of the
UK’s National Minimum Wage on wage inequality. We presented evidence that the decline in
wage inequality in the bottom half of the wage distribution has been most marked in the lowest-
wage segments of the labour market, consistent with an impact of the NMW. Our estimates
suggest that for young workers something over half of the change in the log 50/5 from the period
1998-2010 can be ascribed to the NMW and 40% of the change in the log 50/10. For older
workers, the impact of the NMW is smaller but the overall trends are weaker and the NMW
seems to be able to explain all of the observed changes. We also presented evidence that the
impact of the NMW reaches up to 40% above the NMW in 2010 which corresponds to the 25"
percentile. These spillovers are larger in low-wage segments.
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e(-r)*(NMW/Median)
NMW /Median
Migrant/Native Ratio
Change in Migrant/Native

Change In(hourly wage)

5th percentile
10th percentile
25th percentile
50th percentile
75th percentile
90th percentile
95th percentile

Mean

0.036
0.040
0.118
0.004

0.039
0.036
0.035
0.035
0.037
0.037
0.038

Table 1: Descriptive Statistics on Age, Sex, Area Panel

SD

0.113
0.123
0.096
0.016

0.044
0.039
0.039
0.040
0.052
0.067
0.089

Table 2: Panel regressions estimates for log wage percentiles: 1998-2010

Dependent Variable: Change in In(hourly wage) at percentile p

Model Specification 5th
(1)  Basic Specification NMW, (¥) 0.161***
(0.022)
(2) +AreaDummies NMW, (Y) 0.137%**
(0.022)
(3)  +lagged NMW NMW, (¥) 0.133%***
(0.023)
NMW.,, (¥) -0.031
(0.023)
(4)  +Migrantvariable NMW, (y) 0.135%**
(0.022)
AMigrant; 0.061*
(0.032)
Segments 524

Observations 6,812

10th

0.077***
(0.020)

0.056%**
(0.020)

0.056***
(0.020)
0.001
(0.020)

0.055%**
(0.020)
0.043
(0.029)

524
6,812

25th

0.024
(0.019)

0.013
(0.020)

0.019
(0.020)
0.040%*
(0.020)

0.011
(0.020)
0.063**
(0.028)

524
6,812

50th

0.028
(0.020)

0.033
(0.021)

0.028
(0.021)
-0.036*
(0.021)

0.032
(0.021)

0.038
(0.030)

524
6,812

75th

-0.004
(0.026)

0.002
(0.027)

0.005
(0.027)
0.020
(0.027)

0.002
(0.027)

0.016
(0.039)

524
6,812

90th

-0.021
(0.034)

-0.011
(0.035)

-0.016
(0.036)
-0.042
(0.036)

-0.012
(0.035)
0.066
(0.051)

524
6,812

95th

0.021
(0.046)

0.037
(0.047)

0.027
(0.048)
-0.073
(0.048)

0.036
(0.047)

0.066
(0.068)

524
6,812

25




Table 3: Changes in In(50/5) and In(50/10) and estimated impact of NMW for Selected Groups

Women, Under30 Men, Under 30 Women, Over 30 Men, Over 30

Actual Change in 50/5th -0.135 -0.121 -0.067 -0.025
Actual Change in 50/10th -0.064 -0.050 -0.010 -0.007
Estimated contribution to 50/5th from NMW -0.072 -0.067 -0.070 -0.052
Estimated contribution to 50/10th from NMW -0.027 -0.025 -0.026 -0.019

Figure 1: Simulated Employment Effects of NMW
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Figure 2
Wage Inequality in Britain: 1975-2010: Hourly Wage of Adults
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Figure 3: Changes in Inequality and "toughness" of the NMW
- Adult Employees 1999-2010
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Change in log real hourly wage

Figure 4:

Change in real hourly pay percentiles: All Adults 1998-2010
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Figure 5a:

Wage Inequality in Britain: 1975-2010: Hourly Wage of Adult Males

N—f

/—/M -
/

\/

—_

1975 1980

1985

1990 1995 2000 2005 2010

@ |0g(90/50)

log(50/10) log(50/5)




Figure 5b:
Wage Inequality in Britain: 1975-2010: Hourly Wage of Adult Females
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Figure 6: Wage Inequality by Age Group: log(50th/5th) 1975-2010
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Change log wage
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Figure 7:
Change in Log 5th Percentile Wage 1998-2010 Against 1998 Median

0.7

03
0.2
16 1.7 1.8 1.9 2 2.1 2.2 2.3
Median 1998
@ Change Percentile Wage  ===Kernel Line  ====OLS Line
Figure 8: Change Log it Percentile 1998-2010 on Median 1998
OLS Coefficients plus 95% Confidence Bands
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Figure 9: Change Log it Percentile 1994-98 on Median 1993
OLS Coefficients plus 95% Confidence Bands
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Figure 10: The Impact of changing characteristics on wage growth: All Adults 1998-2010
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Figure 11: % Directly affected by the NMW
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Figure 12: Residual Spike by Year
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Figure 13: Residual Spike - (1-F(w))/(1-F(W*))
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