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Abstract

This paper examines the sectoral shifts hypothesis for the US regional labour

market using a quantile panel framework. We use a monthly panel dataset

that spans over 1990–2016 for the 48 US states and employ a dynamic quantile

panel data regression approach to investigate the asymmetric nature of the

relationship between sectoral labour reallocation and unemployment fluctua-

tions. The empirical evidence suggests that the impact of the employment dis-

persion index is relatively small and insignificant for lower levels of

unemployment but becomes positive and highly significant for higher rates.

Our findings bear out the asymmetry of reallocation disturbances for the US

labour market.
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1 | INTRODUCTION

The global financial crisis 2007–2009 and the COVID-19
recession have triggered a renewed interest in the macro-
economics of intersectoral and intrasectoral movement of
resources.1 This article focuses on intersectoral labour real-
location and extends previous efforts by encompassing
multiple dimensions within a unified non-linear frame-
work for the analysis of the sectoral shifts hypothesis (SSH
henceforth). It analyses simultaneously both the regional
and sectoral characteristics of labour reallocation through
a panel quantile regression (PQR) framework.

The SSH asserts that the reallocation of workers from
declining sectors to expanding sectors requires time and thus
entails a temporary increase in unemployment
(Lilien, 1982). A vast body of work has emerged to explore
the impact of labour reallocation on unemployment (see
Gallipoli & Pelloni, 2013). Within this vast body of literature,
a significant, but relatively smaller, component has

investigated sectoral shifts in the regional perspective.
Recent works (Bakas et al., 2016, 2017; Simon, 2014; among
others) have revisited previous efforts by incorporating up to
date developments in panel data econometrics regarding
dynamics, heterogeneity, and cross-sectional dependence.

As with most works in this field, these contributions
have employed a linear regression (LR) framework, thus
focusing on the conditional mean response under the
assumption of symmetry. Such an approach disregards
the non-directional, non-linear, and asymmetrical nature
of idiosyncratic shocks. To test and measure sectoral
shifts in a consistent manner it is necessary to consider
the impact of the shocks over the whole unemployment
conditional distribution. It is the purpose of the current
paper to address this issue while simultaneously taking
into account the regional dimension. We, thus, examine
the impact of intersectoral labour reallocations on unem-
ployment for the US regional labour market within a
PQR. Our framework allows us to examine the entire
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conditional distribution of unemployment while taking
into consideration both the sectoral and regional dimen-
sions of the data.

This paper provides a comprehensive structure to
explore the SSH at the regional level. Its contribution is
fourfold: first, we employ a dynamic quantile panel frame-
work, that accounts for the regional and sectoral dimen-
sions of labour reallocation. This modelling strategy allows
us to observe the relative importance of sectoral reallocation
across the conditional distribution of the unemployment
rate rather than focusing exclusively on its conditional
mean. To the best of our knowledge, this is the first study
that examines the sectoral shifts hypothesis in a quantile
panel setting. Second, we consider recent developments in
quantile regression techniques for panel data. Third, we
extend the information set used in previous studies by con-
sidering additional control variables, such as the state house
price index, the world oil price, the US effective exchange
rate, the economic policy uncertainty measure, and the
S&P500 stock market index and its volatility. Fourth, we
explore the impact of sectoral reallocation on the
Hornstein-Kudlyak-Lange (HKL henceforth) non-
employment index (Hornstein et al., 2014) as well as the US
aggregate unemployment rate in addition to the state levels.

Our results confirm the positive and significant effect of
labour reallocation on US unemployment at the state level
and show that the relationship is not symmetric. The impact
of the Lilien's employment dispersion index is relatively
small and insignificant for lower levels of unemployment
while it becomes larger and highly significant for higher
levels of (the conditional distribution) unemployment. This
outcome corroborates the hypothesis that it is the size of the
sectoral shocks that matters. Furthermore, it upholds the
asymmetry of reallocation disturbances. These findings are
robust to a series of robustness checks, including alternative
measures of reallocation, alternative indices for unemploy-
ment, various control variables, and alternative panel quan-
tile estimation methods. This study provides a new set of
results and insights about labour reallocation in regional
labour markets, which had eluded previous work.

The remainder of the paper is organised as follows.
Section 2 outlines briefly the topic background. Section 3
presents the data and discusses the econometric method-
ology. Section 4 reports the empirical results, while
Section 5 presents the robustness checks. Finally,
Section 6 provides our concluding remarks.

2 | BACKGROUND

Lilien (1982), building on Lucas and Prescott (1974), sug-
gests that exogenous changes in the dispersion of relative
prices could raise the speed of intersectoral labour

reallocation and increase aggregate unemployment as an
input into a search technology. Since spells of relatively
high unemployment could reflect episodes of increased
dispersion in employment demand, Lilien measured the
correlation between US unemployment rate (u) and the
weighted standard deviation of cross-sectoral employment
growth rates (σ), the so-called Lilien's dispersion proxy.

The pioneering effort of Lilien triggered a research
agenda on the macroeconomic effects of labour realloca-
tion and inspired the subsequent job reallocation field of
inquiry (see Gallipoli & Pelloni, 2013, for a survey).
Empirical explorations of Lilien's hypothesis have been
following diverse paths characterised by their economet-
ric methodologies and/or the level of simultaneous disag-
gregation of relevant characteristics.

An important strand of this literature focused on the
regional and sectoral dimensions simultaneously
(Blanchard & Katz, 1992; Garonna & Sica, 2000; Jackman &
Roper, 1987; Keane, 1993; Keane & Prasad, 1996;
Medoff, 1983; Neumann & Topel, 1991; Newell &
Pastore, 2006; Robson, 2009 and Shaw, 1989). These studies
were constrained by the relevant limited samples that were
available at that time and the use of Fixed Effects
(FE) estimators in the case of a panel data analysis. Further-
more, they were all rooted in a linear framework and con-
veyed the effects of changes in the covariates on the
conditional mean function. These analytical features
reflected the state of the art at the time these studies were
carried out. Given recent advances in panel data economet-
rics, Bakas et al. (2016, 2017) have gone beyond the limita-
tions of FE estimation and were able to account for
heterogeneity, spillover effects and common factors in a
more complete way.

Measurement of the impact of sectoral shocks through
LR modelling implies loss of potentially relevant informa-
tion (Panagiotidis & Pelloni, 2014). LR results ignore the
asymmetric and non-directional character of allocative
shocks. A LR model could work satisfactorily for aggregate
shocks. This class of disturbances is directional (positive/
negative) in its nature. Thus, aggregate shocks, through
the appropriate propagation mechanism, could generate
large aggregate fluctuations independently of their size.
The change in the central location of the relevant macro-
variable distribution should convey sufficient information
about the impact of the shock. The characterising feature
of allocative shocks is profoundly different. These distur-
bances influence unemployment if and only if they are
unfavourable to the existing allocation of resources. A
change in demand composition requires a reallocation of
workers and so unemployment, as a search technology
input, will increase. It is the magnitude of the realloca-
tions, which determines the aggregate response. Small
allocative shocks generate a small unemployment
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response while large shocks generate a large rise in unem-
ployment. The size of the shock and its asymmetric struc-
ture are the relevant traits in this analytical context.

The implication of these stylized characteristics is that
the conditional unemployment distribution is negatively
skewed, and the mass of the distribution is concentrated
on the right: the effects of employment reallocations on the
lower unemployment quantiles are small and insignificant
while they are large for the upper quantiles. Panagiotidis
and Pelloni (2014) have pointed out the shortcomings of
LR modelling of sectoral shifts and updated Lilien's analy-
sis of the (u�σ) correlation through a QR approach aimed
at measuring and testing the asymmetry's influence.2 Their
analysis corroborated Lilien's outcomes but relied on a
one-dimensional characteristic (sector) as it was an aggre-
gate time series approach. This paper extends the analysis
in a panel setting, by considering a simultaneous disaggre-
gation along two dimensions: sector and region.

We maintain that the two main stylized characteris-
tics of reallocation unemployment are the size of the
shock and the asymmetric unemployment response. An
LR framework could deal with the dimensionality prop-
erty via a polynomial representation of the dispersion
proxy but would only capture the impact on the condi-
tional mean. An LR model cannot handle the asymmetric
properties of the unemployment distribution. We model
simultaneously the sectoral and regional dimensions via
PQR for a monthly dataset of the US regional labour mar-
ket. A PQR approach to the sectoral shifts hypothesis is
fully representative of the hypothesis fundamental fea-
tures. It has never been attempted before and could pro-
vide critical information for further developments of the
hypothesis both at an empirical and theoretical level.

3 | DATA AND METHODOLOGY

Using monthly pooled time-series-cross-section data for
the 48 contiguous US states over the period 1990:M02 to
2016:M12 (i.e., N = 48 and T = 323, compiling a rich data-
set of 15,504 observations) and in order to explore the het-
erogeneous effects of sectoral labour reallocation at
different levels of unemployment, we employ a conditional
quantile dynamic panel data model, where we allow the
coefficients to vary across quantiles (τ), as follows3,4:

Qτ Ui,tjUi,t�1,σi,t,zi,t,wt,μið Þ¼ α τð ÞUi,t�1þβ τð Þσi,tþφ0 τð Þzi,t
þλ0 τð Þwtþμi,

ð1Þ

where Q(�|�) is the τ-th conditional quantile function of US
state unemployment, Ui,t is the measure of unemployment

for the state i at time t; σi,t is the measure of employment
cross-sectoral dispersion; the vector zi,t is a vector of state-
specific control variables, where we include the state
personal income growth, ΔlnPIi,t; the vector of aggregate
factors wt represents common control variables that cap-
ture aggregate demand shocks, common to all states,
encompassing the federal funds rate growth, ΔFRt, its vari-
ability (derived from a GARCH (1,1) model), HFRt, and
the local government expenditures growth, ΔlnGt; and μi
denotes a set of state fixed effects capturing the influence
of unobserved state-specific heterogeneity.5

We also explore the robustness of our main results
using an extended version of Equation (1). Thus, in vector
zi,t we include also the state house price index growth,
ΔlnHPIi,t, which captures the regional house price market;
while in vector wt we account for the crude oil price
growth, ΔlnOILt, to quantify aggregate supply shocks, the
US effective exchange rate growth, ΔlnEERt, which
accounts for the exchange rate shocks, and the economic
policy uncertainty index, lnEPUt, that accounts for fluctua-
tions of economic policy making in the US. Furthermore,
we augment Equation (1) by adding as covariates
(in vector wt), the return of the S&P500 stock market
index (ΔlnSPt) and its realised volatility (SPRVt) to control
for financial sector's shocks.

The employment and unemployment per state series
were obtained from the US Bureau of Labour Statistics
(BLS), while the state-specific control variables were
downloaded from the US Bureau of Economic Analysis
(BEA) and the Freddie May house index database,
respectively. Finally, all aggregate (common to all states)
series were collected from the Federal Reserve Economic
Data (FRED) database.

As a further robustness check and an extension of our
findings, we re-estimate Equation (1) with the aggregate
US unemployment rate (Ut

US) and the non-employment
index (NEIt) as the dependent variable.6 The NEI index is
an alternative to the standard unemployment rate measure
(Hornstein et al., 2014). It is a weighted average of the dif-
ferent subclasses of unemployed individuals and workers
out of the labour force. The weight of each subgroup is the
sample average of its job-finding rate relative to the job-
finding rate of the short-term unemployed. Thus, the NEI
index includes additional segments of non-employed
workers and accounts for their employability.

The employment dispersion measure (Lilien, 1982)
for each state i at month t, σi,t, is calculated as the
weighted standard deviation of the cross-sectoral employ-
ment growth rates as follows:

σi,t ¼
XK
j¼1

Nj,i,t=Ni,t
� �

Δ lnNj,i,t�Δ lnNi,t
� �2" #1=2

ð2Þ
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where Nj,i,t is the employment in sector j for state i at
month t, Ni,t is aggregate employment at month t for state
i, K is the number of sectors (with j = 1, 2, …, K sectors)
in the state i, and Nj,i,t /Ni,t is the relative size of sector
j over the total regional employment at month t.7

The reallocation index (σi,t), following Bakas et al.
(2017), is computed using the shares of the available
sectoral decomposition of monthly employment for
each state on the following sectors: (1) mining-logging-con-
struction, (2) manufacturing (with a further disaggregation
on durable and nondurable goods), (3) trade-
transportations (with a further disaggregation on wholesale
trade, retail trade, and transportations), (4) information,
(5) financial activities, (6) professional activities, (7) educa-
tion-health, (8) leisure-hospitality, (9) other services, and
(10) government sector. Using this industrial decomposi-
tion, we compute measures of dispersion allowing for

alternative sectoral disaggregation (9, 10 and 13 sectors
respectively).8

Table 1 presents the descriptive statistics for the unem-
ployment series, the sectoral shifts measures, the state-
specific control variables, and the aggregate control vari-
ables that are used in our analysis. The relative low average
level of the aggregate unemployment rate for the US over
this period (with a mean value of 5.93%) is evident in this
table. However, there is a notable variation across states
over this period (from a minimum of state level unemploy-
ment rate of 2.1% to a maximum of 14.9%). In addition, we
can observe that the mean values of the alternative mea-
sures of the labour reallocation index, based on the
9, 10 and 13 sectors decomposition, are similar, however
they differ considerably on their maximum values. Also,
note the high level of kurtosis of σ that signals fat tails
(a characteristic that the linear framework cannot capture).

TABLE 1 Summary statistics.Variables Mean SD Minimum Maximum Skewness Kurtosis

State-specific

Un. Rate 5.618 1.864 2.100 14.900 0.975 4.191

Ulog �2.873 0.341 �3.842 �1.742 0.119 2.854

Uln �2.931 0.322 �3.863 �1.904 0.065 2.821

sigma (σ9) 0.005 0.003 0.000 0.047 3.219 25.530

sigma (σ10) 0.005 0.003 0.000 0.046 3.006 21.679

sigma (σ13) 0.005 0.004 0.001 0.085 5.401 72.325

ΔlnPI 0.004 0.004 �0.024 0.038 �0.256 8.514

ΔlnHPI 0.003 0.005 �0.035 0.037 �0.661 8.563

Common to all states

Un. RateUS 5.933 1.617 3.800 10.000 1.091 3.132

NEI 8.960 0.857 7.671 11.029 0.764 2.696

ΔFR �0.024 0.175 �0.960 0.530 �1.570 8.351

HFR 0.054 0.120 0.004 1.150 4.853 33.777

ΔlnG 0.004 0.004 �0.010 0.026 0.856 7.520

lnEPU 4.624 0.295 4.047 5.502 0.428 2.491

ΔlnEER 0.000 0.017 �0.048 0.065 0.046 3.510

ΔlnOIL 0.003 0.086 �0.337 0.377 �0.314 4.916

ΔlnSP 0.006 0.042 �0.186 0.106 �0.779 4.762

SPRV 0.031 0.055 0.002 0.653 6.908 65.797

Note: Descriptive statistics for the full sample of 15,504 observations, based on N = 48 and T = 323. Un. Rate
is the US state level unemployment rate, while Ulog is the logistic transformation of the state's
unemployment rate and Uln is its logarithmic transformation. Sigma (σ9/σ10/σ13) is the labour reallocation
index for the 9/10/13 sectors of the economy, respectively. ΔlnPI is the state's personal income growth, while

ΔlnHPI is the state's house price index growth. Un. RateUS is the aggregate US unemployment rate, while
NEI is the US non-employment index. ΔFR the federal funds rate growth, while HFR is the variability of the
federal funds rate. Finally, ΔlnG is the government expenditures growth, lnEPU is the logarithm of the US
economic policy uncertainty index, ΔlnEER is the US effective exchange rate growth, ΔlnOIL is the crude oil
price growth, ΔlnSP is the return of the S&P500 stock market index while SPRV is the realised volatility of

the S&P500 index.

4 BAKAS ET AL.
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Figure 1 presents the graphs of the unemployment
rate and the reallocation measure for the US at the
regional (state) level. We can observe a significant level

of heterogeneity in the US labour market (both in terms
of the unemployment rate as well as the reallocation
index). Figures 2 and 3 provide a map of the 48 US states

FIGURE 1 Unemployment rate and labour reallocation index – 48 US States over 1990–2016. [Colour figure can be viewed at

wileyonlinelibrary.com]

FIGURE 2 Labour reallocation index – 48 US States in 1990. [Colour figure can be viewed at wileyonlinelibrary.com]

BAKAS ET AL. 5

 10991158, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/ijfe.2845 by T

est, W
iley O

nline L
ibrary on [11/06/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

http://wileyonlinelibrary.com
http://wileyonlinelibrary.com


with the different levels of labour reallocation as these
captured by the state-level Lilien index (σ9). Figure 2 pro-
vides the picture at the beginning of the sample (in 1990)
and Figure 3 at the end (in 2016). This observed heteroge-
neity will be exploited using the quantile panel setting of
Equation (1).

We investigate the heterogeneous effects of labour
reallocation at different points of the distribution of US
state unemployment by looking how the parameter β(τ)

changes as we move across quantiles. To do this, a panel
quantile regression model is used (see Equation (1)) that
relaxes the symmetry assumption (e.g., by employing the
estimates of β(τ) for a range of τ = 0.05, 0.10, 0.20, 0.30,
0.40, 0.50, 0.60, 0.70, 0.80, 0.90, 0.95). The panel specifica-
tion of Equation (1) includes state fixed effects (μi). The
estimation of a quantile model in a panel setting with
fixed effects is not trivial, since the non-linearity for the
conditional quantiles implies that the standard demean-
ing techniques are not feasible.

There are various ways proposed in the literature for
estimating the quantile panel model with fixed effects
(Canay, 2011; Koenker, 2004; Machado & Santos
Silva, 2019; Powell, 2022; among others). We follow the
approach of Canay (2011) to estimate the panel quantile
regression model with the fixed effects.9 The two-step
method of Canay (2011) uses a simple transformation of
the data to eliminate the fixed effects, as T ! ∞, under
the assumption that these state fixed effects are location
shift variables (i.e., they affect all quantiles in the same
way). In the first step, the standard panel FE model at
the conditional mean is estimated, and then the esti-
mated parameters are used to obtain the individual fixed

effect (bμi). In the second step, this component is sub-
tracted from the dependent variable (bUi,t ¼Ui,t�bμi) and
the estimation proceeds using the standard QR method.10

Furthermore, we follow the approach of Parente and San-
tos Silva (2016) and employ clustered robust standard
errors at the state level for inference.11 In addition, and
for the purposes of robustness of our findings, we imple-
ment two, recently proposed, alternative estimation
methods for quantile panel data; the QR method for
panel data with fixed effects of Machado and Santos Silva
(2019) and the QR framework for panel data with nonad-
ditive fixed effects of Powell (2022).

4 | EMPIRICAL RESULTS

We present the results of a reduced form of Equation (1)
(including the state personal income growth as the only
control) for the 48 US states panel over the period
1991M02-2016M12 in Table 2. Column 1 in Table 2 pro-
vides the estimates of the benchmark dynamic FE-LR
panel model, while columns 2–12 present those of the
dynamic panel QR estimation based on the approach of
Canay (2011). The results from the FE-LR model show
the persistence of unemployment (with a coefficient of
lagged unemployment close to unity – 0.994) and that
labour reallocation is a significant contributor to unem-
ployment in the US states, with a coefficient for sigma
slightly higher than unity (1.1), confirming the previous
findings of Bakas et al. (2017).

Moving to the quantile panel model (columns 2–12 in
Table 2), we observe a strong and highly significant

FIGURE 3 Labour reallocation index – 48 US States in 2016. [Colour figure can be viewed at wileyonlinelibrary.com]
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persistence of unemployment for all quantiles. The coeffi-
cient of lagged unemployment is found higher for rela-
tively low levels of unemployment but decreases for the
upper part of the conditional distribution of u. The
impact of state-specific personal income is negative and
significant in all quantiles and is increasing for higher
levels of unemployment. In other words, the higher the
unemployment rate the larger the negative effect of ΔlnPI
on u. The impact of the Lilien's dispersion index (sigma)
on the unemployment rate is positive and becomes larger
and more significant for the higher quantiles. The values
of the sigma coefficients range from 0.15 (0.05 quantile)
to 3.24 (0.95 quantile). As one moves above quantile 0.7,
the estimated coefficients of QR surpass the FE one (1.1.
for FE and 1.6, 1.8 2.4 and 3.2 for the last 4 quantiles).
The results from Table 2 reveal that labour reallocation
affects more the unemployment rate when its value is rel-
atively high. This stylized feature would confirm the
impact of labour reallocation is larger and increases for
relatively higher levels of unemployment.

Having established a significant, positive, and asym-
metric effect of reallocation for unemployment, we
explore the robustness of the (u�σ) relationship when we
control for additional, state-specific and common to all
states, factors. These results are presented in Table 3.
They reveal the persistent nature of US unemployment.
The lagged unemployment coefficient is close to unity
and strongly significant for all quantiles. The estimated
value of the sigma coefficient in the FE-LR model is 0.76
(which is very close to the estimate in Bakas et al., 2017).
The results of the QR panel model bear out the relevant
features of the sectoral shifts hypothesis. There is a negli-
gible and statistically insignificant reallocation impact
(with a coefficient very close to zero – 0.024 for the 0.05
quantile) for (relative) low values of the unemployment
rate. However, at higher unemployment levels the reallo-
cation effect is strong and highly significant (with a coef-
ficient of 2.03 for the 0.95 quantile).

As far as the control variables in the specification of
Equation (1) (Table 3), we observe a negative and signifi-
cant coefficient for the growth of state personal income
(ΔlnPI) with its magnitude to becoming more negative as
the move higher quantiles of the conditional distribution
for the unemployment rate. In other words, the higher is
unemployment the more negative is the effect of the
growth of state personal income. The coefficient of the
changes in federal fund rates (ΔFR) is negative, signifi-
cant without significant changes across the conditional
distribution. The effect of HFR is positive and significant
with an upward trend: the higher the unemployment the
more positive is the effect of the variability in the federal
funds rate. Significant, positive, and upward sloping is
the coefficient of the changes in the local government T
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expenditure (ΔlnG). The magnitude and the significance
of the control variables remain the same in the robust-
ness regressions that are presented in the next section.

5 | ROBUSTNESS ANALYSIS

We carry out robustness checks in six dimensions. First,
we explore the robustness of our results on alternative
estimation methods (Tables 4 and 5). We follow the esti-
mation frameworks of Machado and Santos Silva (2019)
and Powell (2022) as alternative approaches to Canay
(2011). In both cases, we can observe similar outcomes to
those of Table 3. The impact of reallocation is stronger as
we move from lower to higher levels of unemployment.
For comparison purposes, Figure 4 depicts the coeffi-
cients per quantile for the three alternative methods
(Canay, 2011; Machado & Santos Silva, 2019;
Powell, 2022) against the FE estimator. The FE estimate
of the sigma coefficient corresponds to the median QR
response (τ = 0.5) based on the Machado and Santos
Silva (2019) model, while it is found to be close to the
median estimates based on the other two methods.

Tables 6 and 7 present our robustness findings for dif-
ferent measures of unemployment. Table 6 reports the
evidence emerging when the aggregate US rate of unem-
ployment, instead of the state unemployment rate,
appears as the dependent variable in Equation (1).
Table 7 provides the estimates when the dependent vari-
able is replaced by the NEI index (the HKL non-
employment index). Our main findings are unaffected by
these changes. These results reaffirm the previous find-
ings of Mills et al. (1995). The evidence from Table 7 also
reveals that the aggregate impact of labour reallocation is
weaker when we use the NEI measure instead of theT
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unemployment rate. This comparatively smaller effect
might suggest that reallocation shocks have a relatively
larger effect on short term unemployment (i.e., on
workers who have been actively looking for work over
the previous month) than on discouraged workers.

We also explore the robustness over alternative reallo-
cation indexes that are constructed with a different
degree of sectoral disaggregation. Table 8 presents the
results for three dispersion proxies corresponding to three
different levels of sectoral decomposition (9, 10 and
13 sectors respectively). The sigma coefficient remains
positive and significant under the alternative sectoral dis-
aggregation measures, confirming similar findings with
Bakas et al. (2017). It should be noted that the magnitude
of the coefficient of labour reallocation decreases as the
sectoral disaggregation increases, thus bearing out results
in Parker (1992) and Bakas et al. (2017). Finally, we can
observe that the effect of reallocation over the alternative
quantiles is unaffected by the measure of turbulence. The
effect on unemployment is small and insignificant in low
quantiles while it is appreciably larger and more signifi-
cant in the higher quantiles.

Fourth, we also check the effect of changes in the
pace of intersectoral reallocation to assess whether pace
acceleration would also reflect the asymmetric nature of
the shifts. We estimate Equation (1) where, instead of the
level of the reallocation measure (sigma), we use the first
differences of Lilien's sigma index (Δsigma) which mea-
sures the change in the pace of labour reallocation
(Table 9). We observe, from Table 9, that the impact of
labour reallocation is very close to zero and insignificant
for the lower and median quantiles and becomes stronger
and more significant only when we move to the high
unemployment quantiles (τ > 0.8). The latter implies that
reallocation and the speed of reallocation increases when
unemployment is relatively high.

Fifth, we follow the work of Bakas et al. (2017) and
explore the robustness of our results to the alternative
transformation of the unemployment rate (logistic
vs. logarithmic form). In this way, we re-estimate the
specification used in Table 3 by replacing the logistic
transformation of the unemployment rate with the loga-
rithmic form (ui,t = ln(Ui,t), with Ui,t is the unemploy-
ment rate in decimal). Table 10 presents the results of
this alternative specification and shows that our main
findings are unaffected by the transformation of the
dependent variable. These results reinforce the analogous
evidence in Bakas et al. (2017).

Finally, we check the robustness of our results to the
inclusion of additional controls, like the exchange rate,
economic policy uncertainty, oil prices, house prices,
stock market returns and stock market volatility
(Tables A1–A6 in the Appendix A). Our results, from the
extended versions of Equation (1), as presented in
Tables A1–A6, are found to be very robust to the alterna-
tive control variables and specifications used. The impact
of labour reallocation is mostly positive and becomes
stronger and more significant as we move to higher
unemployment quantiles. It is worth mentioning the sig-
nificant effect of house price returns (ΔlnHPI) (negative),
effective exchange rate growth (ΔlnEER) (negative), pol-
icy uncertainty (lnEPU) (positive), stock market returns
(ΔlnSP) (negative) and stock market volatility (SPRV)
(positive) as seen in Table A6. For comparison purposes,
Figure 5 shows the coefficients per quantile for sigma
based on three alternative specifications used in the
analysis – the benchmark specification (Table 3), the
specification with some additional controls (Table A5)
and the specification with all controls (Table A6). As can
be observed from Figure 5 the main findings are unaf-
fected by the use of alternative specifications and are
robust to the inclusion of additional controls.

TABLE 8 Quantile panel regressions – alternative measures of sigma.

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11)

0.05 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 0.95

Sigma (σ13) �0.114 0.014 0.144** 0.421*** 0.438*** 0.337*** 0.351*** 0.690*** 1.062*** 1.134*** 1.761***

(�0.51) (0.27) (1.98) (2.99) (3.71) (4.83) (6.48) (7.33) (7.19) (6.12) (4.92)

Sigma (σ10) 0.065 0.078 0.271*** 0.570*** 0.523*** 0.388*** 0.418*** 0.785*** 1.242*** 1.280*** 1.968***

(0.43) (0.96) (4.35) (6.22) (5.82) (6.07) (5.79) (6.32) (6.81) (7.39) (5.73)

Sigma (σ9) 0.024 0.097 0.285*** 0.584*** 0.540*** 0.399*** 0.454*** 0.851*** 1.413*** 1.416*** 2.027***

(0.12) (0.79) (4.24) (5.23) (5.18) (6.35) (6.13) (9.05) (9.79) (7.22) (7.44)

Note: Sigma (σ9/σ10/σ13) is the labour reallocation index for the 9/10/13 sectors of the US economy, respectively. Columns 1–11 report the coefficient estimate
for each quantile (τ) using the quantile panel estimator of Canay (2011) with clustered robust standard errors at the state level (based on the approach of
Parente & Santos Silva, 2016) and by employing the specification used in Table 3. The dependent variable is the US state level unemployment rate in logistic
form (Ulog). T-statistic in parentheses. ***, ** and * denote statistical significance at 1%, 5% and 10% levels, respectively.
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6 | CONCLUSIONS

We examine the macroeconomic effects of labour reallo-
cation using a monthly panel dataset for 48 US states
spanning from 1990 to 2016. Most of the previous empiri-
cal approaches have focused on either time-series or
panel data analyses assuming a linear framework and
have focused on the average effect. We relax this restric-
tive assumption of symmetry and examine the relation-
ship between labour reallocation and unemployment
across the conditional distribution of the unemployment
rate. We employed three recently developed panel quan-
tile regression models by Canay (2011), Machado and
Santos Silva (2019) and Powell (2022).

We substantiate the positive impact of the reallocation
index on unemployment in the US. Our findings reveal a
statistically significant and increasing in magnitude effect
of labour reallocation on unemployment. The impact of
Lilien's reallocation measure becomes significantly bigger
as we move from the lower to the upper quantiles of the
unemployment rate. Our results are robust to a battery of
robustness checks, including alternative measures of real-
location and unemployment, several control variables, and
alternative estimation methods.

Future lines of research can perform a deeper explora-
tion of the endogeneity problem of labour reallocation by
utilising an external shock in the economy, for example,
the Covid-19 shock, or by using a difference–in–difference
approach. Another direction of future research is to exploit
further the multiple dimensions of labour reallocation
through employing a micro-econometrics approach, using
firm level data, and therefore by utilising a multidimen-
sional panel dataset (firm/sector/state). We leave these
suggestions as potential avenues for future research.
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ENDNOTES
1 Elsby et al. (2010), Estevão and Tsounta (2011), Davis et al.
(2012), Diamond (2013) and Blanchard et al. (2014), Bauer and
King (2018), Chodorow-Reich and Wieland (2020), Dieppe and
Matsuoka (2021).

2 Davis (1987) is an early attempt to study sectoral shifts asymme-
tries. It shows that even in a linear econometric specification, it
is possible to draw (limited) inferences about asymmetric and
other nonlinear effects of shocks on the unemployment rate.
Davis shows evidence that the recent past pattern of labour real-
location matters for unemployment outcomes. When current and
recent past sectoral shifts are in the same direction, the impact
on current unemployment is greater.

3 The dataset covers the period from January 1990 to December
2016 due to data availability of the state employment series from
the US Bureau of Labour Statistics. Our analysis starts in
February 1990 rather than January since we lose one observation
for the calculation of the Lilien's employment dispersion mea-
sure (σi,t).

4 Our empirical specification of a Lilien's reduced form unemploy-
ment equation builds on the work of Mills et al. (1995) and the
recent panel extension of Bakas et al. (2017), and allows for a
large set of (state-specific and common to all states) covariates to
provide an in-depth test of the sectoral shifts hypothesis. See also
Panagiotidis and Pelloni (2014), for a discussion of the reduced
form specification of the quantile model.

5 Following Bakas et al. (2017) we use the logistic form of the
unemployment rate as the dependent variable, Ui,t = ln(ui,t/1-ui,
t), where ui,t is the unemployment rate (in decimal form).
According to Wallis (1987) the logistic transformation is pre-
ferred since unemployment rate is a variable that is bounded
between 0 and 1. Replacing the logistic form with the logarithmic

FIGURE 5 Fixed effects and alternative quantile panel

specifications. [Colour figure can be viewed at

wileyonlinelibrary.com]
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form does not alter the outcome qualitatively. We provide evi-
dence for this in the robustness section of the paper, while a full
set of empirical results is available upon request.

6 The sample for the analysis, in this case, is restricted to 1994:
M01 to 2016:M12 due to the availability of the NEI index.

7 Abraham and Katz (1986) point out the problem of ‘observational
equivalence’ regarding the sensitivity of the employment disper-
sion index of Lilien (1982) to aggregate shocks. For robustness
purposes, we have also implemented all estimations using a
‘purged’ measure of the Lilien's dispersion index, where we filter
out aggregate effects from the sectoral dispersion proxy, following
the approach used in Bakas et al. (2017). Replacing the unpurged
Lilien's measure (σi,t) with the ‘purged’ version does not alter the
results qualitatively, confirming a similar outcome with that of
Bakas et al. (2017). These results are available upon request.

8 Using this 10-industry decomposition, we compute our bench-
mark measure (sigma - σ9) using the information on the
9 ‘super-sectors’ of the economy (i.e., excluding the government
sector), while we also compute a 13-sectors decomposition mea-
sure of labour reallocation (σ13) by using all the available disag-
gregation in our dataset (including the government sector), and
finally a 10-sectors decomposition measure including all
10 ‘super-sectors’ of the economy (σ10).

9 The quantile panel estimator of Canay (2011) has been widely
used in recent empirical studies (Besstremyannaya &
Golovan, 2019). The advantage of Canay's (Canay, 2011)
approach is that it provides a quantile panel estimator which is
easy to implement and is based on a simple two-step approach to
control for the individual fixed effects. In that way, this two-step
approach has low computational cost, especially for large panel
datasets like the one we employ here, and offers a simple way for
the consistent estimation of individual effects.

10 The panel QR approach, thus, accounts for these two important
aspects (heterogeneity and non-linearity) of the sectoral shifts
hypothesis. In addition, using the purging strategy of Abraham
and Katz (1986) the QR panel approach can alleviate any poten-
tial endogeneity problem of labour reallocation. Other
approaches have been suggested in the literature to address the
endogeneity of reallocation (see, for example, Bakas et al., 2016,
2017 and Chodorow-Reich & Wieland, 2020, among others).
Bakas et al. (2016, 2017) use a system GMM approach to tackle
endogeneity, by employing lagged levels and differences of the
endogenous variables as instruments, while Chodorow-Reich
and Wieland (2020) use an instrumental variable framework, by
exploring a Bartik-style measure of predicted reallocation as an
instrument for actual reallocation.

11 For robustness purposes, we have also implemented the estima-
tion using bootstrapped standard errors. The main findings,
using this alternative method to obtain the variance–covariance
matrix for this estimator, remain unaltered. These results are
available upon request.
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APPENDIX A

In this Appendix, we present the tables with some addi-
tional robustness checks. More specifically, we have
explored the robustness of our main results using

extended specifications of Equation (1) with the inclusion
of additional control variables, such as the exchange rate,
economic policy uncertainty, oil prices, house prices,
stock market returns and stock market volatility. The
results are presented in Tables A1–A6 below.
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