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Abstract – In metropolitan France, the private sector was severely affected by the health crisis: 
despite the widely deployed partial activity scheme, the wage bill fell on average by 5.3% in 
2020. However, this overall drop conceals regional disparities. The aim of this article is to study 
the heterogeneous impact of the health crisis on the private‑sector wage bill by employment 
zones. The analysis shows that the sectoral employment structure is the key factor: it explains 
60% of the variation in the shock broken down by region. However, there are also other effects 
that appear to be significant in certain zones: the labour force qualification level, the level of 
concentration of companies and the role played by commuters. The latter show that the presence 
of a neighbouring residential zone has a negative impact on the change in the private‑sector 
wage bill in the region under consideration. Furthermore, they cause the shock‑absorbing effect 
of temporary employment to spill over into several multiple zones, especially within one cluster 
identified in Brittany.
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The year 2020 was marked by an excep‑
tional health crisis due to the COVID‑19 

pandemic. To stop the spread of the virus, 
governments took unprecedented action: 
administrative closures of establishments, 
strict population lockdowns, curfews, etc. 
This had an unavoidable impact on the econ‑
omy: at global level, GDP fell by 3.3% in 
2020 (International Monetary Fund, 2021).  
In France in 2020, business suffered a historic 
decline, with a 7.9% drop in GDP in constant 
euro terms (Amoureux et al., 2021). The pri‑
vate sector in particular was very severely 
impacted by the health crisis: the Urssaf Caisse 
nationale estimate identified 275,800 sala‑
ried job losses (Boulliung & Amoros, 2021). 
Temporary employment in particular levelled 
out, matching the different restriction mea‑
sures in the short term. However, job losses 
in France were avoided thanks to the partial 
activity scheme and the various aid schemes 
and arrangements offered by the State (soli‑
darity funds, state‑guaranteed loans, direct tax 
remittances, etc.).

The business sectors are split heterogeneously 
over French territory, which is why the regions 
were not affected to the same extent by the 
economic crisis. As such, departments special‑
ising in tourism or industry were affected first: 
for example Corsica or Savoie, or even Ain 
and Pas‑de‑Calais (Charton & Durieux, 2021). 
Conversely, regions in which the use of remote 
working is more common, such as Île‑de‑France, 
were relatively more resistant to the health crisis 
(OECD, 2020).

To better understand the heterogeneous impacts 
of the health crisis on employment in France, 
regional analyses have been carried out in 
order to isolate the effect associated with the 
sectoral structure of local employment. They 
are based on the shift‑share method, which 
makes it possible to break down a change or a 
rate associated with employment (for example, 
changes in the number of jobs or the rate of use 
of the partial activity scheme) into a structural 
effect reflecting the sectoral breakdown of 
local employment and a local residual effect 
obtained by difference (Kubrak, 2018). The 
first analyses of the health crisis show that, 
although the sectoral employment structure 
is a significant component in explaining the 
variability of the shock between the regions, it 
alone is not sufficient to explain this entirely. 
For example, works studying the impact of the 
health crisis based on the change in the number 
of jobs (Bouvart et al., 2021) or based on the 
change in the private‑sector wage bill (Barrot, 

2021) show that these are the local effects that 
had a determining impact. The regions identi‑
fied as having best withstood the health crisis 
thanks to significant local effects are primarily 
situated in Brittany and Nouvelle‑Aquitaine 
(DATAR, 2021).

In addition to the sectoral structure of local jobs, 
the issue of the location of the companies there‑
fore appears to play a central role in assessing 
the local impact of the health crisis. Since the 
work of Paul Krugman on geographic economy 
(Krugman, 1991), it is generally recognised that 
the economic agents are dependent on the local 
context. Accordingly, companies appear to set up 
in dense areas as they are looking for clustering 
economies, which can lead to different ripple 
effects. As these are associated with the location 
of the agents, we more often talk of geographic 
spillover effects (Baumont et al., 2000). These 
mechanisms could even be the “key driver of 
performance in regions” and neighbouring 
regions (Carré et al., 2019; Yang & Wong, 
2012). In France, significant spillover effects 
have been highlighted, in relation to company 
creations in metropolitan areas (Brunetto & 
Levratto, 2017) and, in employment areas, in the 
number of jobs between 2009 and 2015 (Carré 
et al., 2019).

Can we identify the factors that explain the 
heterogeneity of the impact of the health crisis 
accross territories? Are local sectoral structures 
a key factor? In this article, we study the terri‑
torial impact of the health crisis based on the 
evolution of the wage bill in the private sector,  
using data from the Agirc‑Arrco (the fund for 
supplementary pensions in the private sector) 
wage database. We place at the centre of the 
analysis the concepts of structural effect and 
local effect, via a spatial analysis. 

Studying the change in the private wage bill 
has a double advantage: this indicator makes it 
possible to account for the effect of the health 
crisis on the number of jobs, and it also inte‑
grates its impact on wages and, thereby, the 
massive reliance on the partial activity scheme. 

We look more deeply into the concept of 
local effect with spatial econometric methods. 
Indeed, it appears to be important to gain a 
better understanding of the local effect, shown 
in the literature as essentiel, to explaining the 
heterogeneous impact of the health crisis in 
France. To account in greater detail for the role 
played by neighbouring effects, the concept 
of spatial autocorrelation is used to study the 
influence of neighbouring regions; it is defined 
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as the correlation, positive or negative, between 
a variable for a given zone and the same variable 
calculated in the neigh bouring regions (Loonis 
& Bellefon, 2018).

After a brief presentation of the data used in 
section 1, section 2 presents the heteroge‑
neous impact of the 2020 health crisis on the 
private‑sector wage bill at employment zone 
level. The link between local sectoral compo‑
sition and the change in private‑sector wage 
bill is analysed using the shift‑share method. 
In section 3, we explore the other factors that 
explain the differentiated impact of the health 
crisis by region.

1. Data and Methodology

The scope of the article covers private‑sector 
employees, more specifically AGIRC‑ARRCO 
contributors. In France, private‑sector employees  
and their employers make obligatory contri‑
butions to the Caisse nationale d’assurance 
vieillesse (CNAV, the French National Old‑Age 
Pension Fund) or the Mutualité sociale agricole 
(MSA, for the agricultural sector) for their basic 
retirement pension and to AGIRC‑ARRCO for 
their supplementary pension. AGIRC‑ARRCO 
had 18.9 million contributors at 31 December 
2020. The scope of the study does not include 
employees of private individuals (1.3 million in 
2020), those under the MSA scheme (around 
1.4 million employees in 2020) or private‑sector 
teachers (around 115,000 employees in 2020).

The database used for the study is the base indi
viduelle salaires (individual salaries database). It 
is constructed based on the 2018 Annual Social 
Data Declarations (DADS) and monthly data 
from Nominative Social Declarations (DSN). It is 
aggregated at job level: individual‑establishment  
identifier (Siret) pair. The available data relate 
to the employees (age, address, etc.), their 
employment contract (permanent, fixed‑term, 
full‑time, part‑time, category status, etc.), gross 
salary received and the period to which that 
salary relates. The other information available 
in the database relates to the employer’s estab‑
lishment: NAF code, address (in particular so as 
to define the employment zone and whether this 
is a residential zone or not, etc.) and a potential 
use of the partial activity scheme.

The 2018 salary database has 30.1 million 
entries. The 2019 and 2020 salary databases are 
constructed using DSN data only and comprise 
30.6 and 28.5 million entries, respectively. The 
only external data source used is the unemploy‑
ment rate in 2019 taken from INSEE data.

The business sectors were studied at level 2 of 
the French Classification of Activities (NAF), 
which contains 82 sectors, excluding agricul‑
tural subsectors and activities of households as 
employers. At this aggregation level, specific 
subsectors that were relatively unaffected by 
the health crisis are sometimes associated with 
other sectors that were heavily affected. For 
example, the “other manufacturing industries” 
sector includes the medical and dental supplies 
and instrument manufacturing subgroup, as 
well as the specific jewellery, games and toys, 
musical instruments and sporting goods manu‑
facturing subsectors. Furthermore, temporary 
workers (employment‑related activities sector 
employees) are not classified into the sector in 
which their contract is performed. However, this 
form of employment is heavily concentrated 
in certain sectors (manufacturing industry, 
construction, transport and storage): the effect 
of the health crisis on employment may therefore 
be underestimated in these sectors.

The analysis is restricted to metropolitan France, 
as French overseas departments and territories 
were affected differently by the measures 
seeking to curb the pandemic. The territorial 
grid used in the study is the employment zone, 
defined as “a group of municipalities in which 
most of the active population live and work” 
(Lévy et al., 2020). This breakdown seems to be 
the most appropriate for analysing the dynamics 
of local employment. This zoning, updated in 
2020 by INSEE using a detailed analysis of 
home‑work commutes, gives 287 employment 
zones in metropolitan France.

Unless otherwise specified, the study examines, 
for all indicators, the year 2020 in its entirety; 
it does not take an infra‑annual approach as 
is the case for other analyses on this subject. 
The 2019‑2020 annual change (“health crisis” 
effect) may also be compared to the 2018‑2019 
annual change.

The key indicator in the study is the average 
change in the private‑sector wage bill between 
2019 and 2020 excluding partial activity 
compensation.1

1. Partial activity compensation is not subject to social security contribu‑
tions and is therefore not included in a private‑sector wage bill.
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2. Heterogeneity of the Impact  
of the Health Crisis by Region  
and Sectoral Employment Structure
2.1. Pronounced Heterogeneity  
by Specialisation

The repercussions of the 2020 health crisis on 
private‑sector salaried employment are many: 
drop in the number of employees over the 
year (−2%), drop in the number of positions 
(−6.9%), and drop in the private‑sector wage 
bill (−5.3%). The changes were, however, very 
different depending on the employment zone, 
ranging from −21% to +0.7% in the case of the 
private‑sector wage bill. The map (Figure I) 
shows these local changes, highlighting the 
heterogeneous impact of the health crisis in 
metropolitan France.

This heterogeneity seems to be linked to local 
sector‑based specific features. One underlying 
element was the use of the partial activity 
scheme, which was very unequal across business 
sectors (see Appendix 1).

To report on the sectoral specialisation of the 
regions, we created a specificity index. It is 
calculated for each zone z  and each sector s as 
follows (Kubrak, 2013):

Specificity index
Empl Empl

Empl Empl Total

sz

sz z

s sz

� �
. / .

. . /

� =

−( ) �� . .empl Empl z−( )
(with Empl. the number of employments).

The index is 0 or higher; when the index is 
above 1, we estimate that the region is more 
specialised than the average in the sector under 
examination (Appendix 2 presents several 
sectoral specificity indices calculated for 2019 
in order to report on the sectoral specialisa‑
tion of the regions before the health crisis). 
Some sectoral specificity indices are strongly 
correlated (Pearson correlation coefficients 
significantly different from zero) to the change 
in the 2020 private‑sector wage bill (Table 1).

The regions most affected by the health 
crisis include, in particular, Corsica (Calvi, 

Figure I – Average change in private‑sector wage bill by employment zone between 2019 and 2020

-21.0 -7.4 -5.7 -4.6 0.0 0.7

Notes: The categories correspond to the quartiles of the average change in the private‑sector wage bill between 2019 and 2020; an additional 
category relates to the one employment zone (Manosque) that experienced positive growth.
Reading note: In the Calvi employment zone, the private‑sector wage bill fell, on average, by 21% between 2019 and 2020.
Sources and coverage: AGIRC‑ARRCO salary database, authors’ calculations. Employees contributing to AGIRC‑ARRCO, excluding MSA 
employees, metropolitan France.
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for example, with an average change in the 
private‑sector wage bill of −21%) and employ‑
ment zones situated on the Côte d’Azur or in 
the Alps. These regions share a high degree of 
specialisation in the hospitality sector, associ‑
ated with their tourist appeal (this sector is at 
least 3.5 times larger in these regions than in the 
rest of France), and the construction sector, to 
a lesser extent. However, these specialisations 
appear to be negatively correlated to the local 
change in the private‑sector wage bill, with the 
highest specificity index values associated with 
the lowest wage‑bill variation values.

The more industrialised regions belong to the 
group of zones most impacted by the health 
crisis. Some regions particularly affected are 
situated in the north and north‑east of France, 
with employment zones specialising in the 
automotive industry (specificity indices above 5, 
see Appendix 2), metalworking (specificity 
indices above 14) and metal product manufac‑
ture (specificity indices above 2.5). This metal 
specialisation is also found in central France. 
The changes here are highlighted by Chausse 
et al. (2021).

Conversely, the employment zones least affected 
by the health crisis are primarily found in the 
west and south‑west of France. This relates 
firstly to the Breton and western regions as 
well as employment zones situated further 
south. These regions specialise in the food 
industries; as also shown by Bouvart et al. 
(2021), this sector is at least six times larger 
in these employment zones than in the rest of 
France. In the west, some regions specialising in  
the insurance sector were relatively resistant to 
the health crisis (for example Niort: −1.5%), 
as were some zones specialising in the manu‑
facture of chemicals and chemical products. 
This confirms the resilience of the chemical 

industry, as also shown by Boisbras (2021). 
Lastly, some regions in the east were affected 
to a relatively lesser extent, these regions also 
specialising in the manufacture of chemicals 
products (specificity indices above 10), or in 
scientific research and development (specificity 
indices above 8).

2.2. Decomposition of Structural  
and Local Effects

In order to more clearly isolate the effects of 
the health crisis linked to business sectors, the 
change in the 2020 private‑sector wage bill is 
broken down into a structural effect, reflecting 
the sectoral component of the jobs, and  
a residual effect, which can be interpreted as a 
local effect.2 This method is called a shift‑share 
analysis (Kubrak, 2018).

The structural effect is calculated as the differ‑
ence, for each employment zone z, between 
the expected change in the private‑sector wage  
bill (MS)3 and the change at national level:

Structural effect Expected variation MS
National variati

z z� � �
�

=
− oon MS�

It corresponds to the part of the deviation from 
the national variation that is explained by the 

2. The local effect calculated using the shift‑share method depends on 
the level of aggregation used to define the business sectors, as specific 
subsectors relatively untouched by the health crisis may be associated with 
other severely affected sectors.
3. For each employment zone z, the expected change in the private‑sector 
wage bill between 2019 and 2020 is defined as the change that would have 
been seen in the region if the wage bill of each business sector s of the 
zone had changed in line with the variation seen for metropolitan France. 
It is therefore calculated by applying the national changes in the wage 
bill observed in each sector to the structure of the region’s private‑sector 
wage bill:
Expected variation National variationMS MS

MS
MS�z

s

sz

z
s= ×∑ � .

Table 1 – Correlation coefficients between the change in the private‑sector wage bill in 2020  
and the sectoral specificity indices

Business sector Correlation coefficients
Hospitality –0.60 ***
Construction –0.21 ***
Metalworking –0.13 **
Metal product manufacture –0.12 **
Manufacture of motor vehicles –0.10 *
Manufacture of food products 0.23 ***
Insurance 0.17 ***
Chemical industry 0.17 ***
Scientific research and development 0.13 **

Notes: The values are different from zero at significance levels alpha=0.01***; alpha=0.05**, alpha=0.1*.
Reading note: The correlation coefficient between the specificity index of the hospitality sector and the change in the wage bill in 2020 is −0.60.
Sources and coverage: AGIRC‑ARRCO salary database, authors’ calculations. Employees contributing to AGIRC‑ARRCO, excluding MSA 
employees, metropolitan France.
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sectoral employment structure specific to the 
region. If, all other things being equal, the region 
is more specialised than the average (i.e. metro‑
politan France) in the sectors generally spared 
from the health crisis, its structural effect will 
be positive.

The difference, for each employment zone z, 
between the change observed and the change 
expected forms the local effect: Local effectz = 
Variation MSz – Expected variation MSz. It can be 
interpreted as the gap between the sector‑based 
private‑sector wage bill changes at regional 
and national level, weighted by the wage bill 
structure by business sector in the zone.

The difference between the change observed 
at regional level and the national variation 
allows us to define two groups of regions: if the 
difference is positive (or negative), this means 
that the region experienced a higher (lower) 
variation in the private‑sector wage bill than 
the national change. The employment zone is 
therefore more (less) dynamic and fared rela‑
tively better (worse) in terms of withstanding 
the health crisis. Furthermore, the difference 
between the change observed at regional level 
and the national variation is the same as the sum 
of the structural and local effects:

Variation MS National variation MS
Structural effect Loc

z
z

� � �
�

− =
+ aal effectz�

This is why the effects of the health crisis that 
are explained by the sectoral component of jobs 
can easily be separated from those associated 
with a local effect.

The map showing the results of this analysis can 
be found in Appendix 3 and the regional typology 
based on this method is presented in Appendix 4. 
We also provide a particularly focused look at 
the 20 regions that were most/least affected by 
the health crisis, the results of which are similar 
to those obtained by Bouvart et al. (2021) in 
terms of the rate of use of partial activity. This 
is explained by the choice to examine the change 
in the private‑sector wage bill as it includes the 
effects backed by the use of the partial activity 
scheme.4 For example, regions specialising in 
sectors heavily impacted by the health crisis are 
characterised by a strongly negative structural 
effect (Figure II‑A). This is the case for predom‑
inantly tourist‑based employment zones, which 

4. The Pearson correlation coefficient between the change in the pri‑
vate‑sector wage bill between 2019 and 2020 and the proportion of days 
spent in partial activity in 2020 is −0.7. It is significant.

Figure II – Breakdown of the change in the private‑sector wage bill in 2020, as a deviation from the national 
average according to the shift‑share analysis
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Reading note: In the Calvi employment zone, the deviation from the 2020 national average variation in the wage bill is −15.7%. 7.3% of this devia‑
tion is due to the sectoral employment structure and 8.5% is due to the residual local effect.
Sources and coverage: AGIRC‑ARRCO salary database, authors’ calculations. Employees contributing to AGIRC‑ARRCO, excluding MSA 
employees, metropolitan France.
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have many jobs in hospitality: Calvi, Propriano, 
Menton, Porto‑Vecchio, Sainte‑Maxime, La 
Tarentaise, Mont‑Blanc, Corte, Agde‑Pézenas. 
The least dynamic regions also include indus‑
trial zones, such as Roissy (air transport) and 
Montbéliard (automobile industry and metal‑
lurgy). In these zones, the local effect is also 
negative, and accentuates the sectoral shock 
associated with the health crisis.

Conversely, in the most dynamic regions 
(Figure II‑B), two positive effects combine. 
On the one hand, the effect associated with the 
sectoral employment structure is either negative 
but weak, or positive. This is explained by the 
presence of sectors that withstood the health 
crisis particularly well, such as the food indus‑
tries (Rennes and Vitré employment zones), 
the chemicals industry (Bollène‑Pierrelatte) 
or the insurance sector (Niort). On the other 
hand, the local effect is positive. It therefore 
seems to be essential to examine the phenomena 
perceived here.

The shift‑share breakdown makes it possible 
to say that the structural effect associated with 
the change in the private‑sector wage bill is a 
decisive factor in explaining the heterogeneous 
impact of the health crisis in the employment 
zones.5 However, local effects remain pro‑
minent in numerous zones (see Appendix 4: 
in the regions of group 1 of the typology, the 
local effect represents, on average, 60% of the 
deviation from the national average variation). 
Furthermore, other analyses estimate that it is 
these local effects that prevail if the impact 
of the health crisis is examined on the basis 
of the change in the number of jobs (Bouvart 
et al., 2021). Therefore, dimensions other 
than the business sectors must be taken into 
consideration.

3. The Heterogeneity of the Impact 
of the Health Crisis by Region Is also 
Due to Other Local Characteristics
3.1. The Spatial Autocorrelation  
Is Significant for 2020

Given the literature and recent studies carried 
out on similar issues, the study of the location 
of companies and the inclusion of interactions 
between neighbouring regions seem to be inter‑
esting dimensions to analyse. To examine the 
influences between neighbouring regions, it is 
necessary to define the concept of proximity. 
An initial possibility is to base the definition 
of proximity on the notion of distance between 
regions. This distance could itself be defined 
in several ways, using geometric concepts6 or 

based on the closest neighbours. Another possi‑
bility, which we have used here, is to take into 
consideration common borders between regions, 
i.e. the notion of contiguity. The study data are 
calculated at employment zone level: these are 
surface area data, which sometimes correspond 
to administrative borders. In this case, proximity 
in the sense of contiguity is commonly used. The 
concept of proximity is shown statistically by 
a weighting matrix, W, for which each element 
defines the proximity link between one region i 
and another region j. As the primary definition 
used for proximity is contiguity, the elements 
of the associated weighting matrix are therefore 
defined as:

wij

i j
=

1� � � � �if� the� employment � zones and�
have� a� common� borderr

� otherwise0







There are two statistical tests that can be used 
to test the presence of spatial autocorrelation, 
incorporating the proximity relationships 
defined in W : Moran’s I test and Geary’s C test –  
the first being generally preferred in the litera‑
ture due to its stability. They make it possible 
to check whether the value obtained in the 
given region is close to the values obtained for 
the same variable in the neighbouring zones 
(Loonis & Bellefon, 2018).

The study of the local variations in the 
private‑sector wage bill in 2020 shows that the 
spatial autocorrelation is positive and signifi‑
cant: similar values are pooled in neighbouring 
regions.7 This result is in line with those of 
other analyses that highlight the positive spatial 
autocorrelation of various indicators associated 
with the labour market (the number of jobs in 
Levratto et al., 2017; the change in the number 
of jobs in Carré et al., 2020; the unemployment 
rate, the rate of informal employment and real 
salaries in Koike Quintanar, 2019).

5. Indeed, the correlation between the deviation from the national average 
variation and the structural effect increased significantly in 2020 (Dunn and 
Clark test, Dunn & Clark, 1969). Moreover, a study released by the CDC 
Institute for Research shows that this relationship was stronger in 2020 
than it was at the time of the 2008‑2009 financial crisis (Pacini et al., 2021). 
This finding is due to the fact that the change in the private‑sector wage bill 
includes the use of the partial activity scheme, which was more widespread 
during the 2020 health crisis than during the 2008‑2009 crisis, and which 
differs greatly by business sector (see Appendix 1). 
6. “Delaunay triangulation is a geometric method that connects the points 
in the form of triangles so as to maximise the minimum of all the angles 
of the triangles (this triangulation tends to avoid sliver triangles). […].  
The sphere of influence graph links two points if their ‘circles from the nea‑
rest neighbour’ intersect. […]. The Gabriel graph links two points pi and pj 
if and only if all other points are outside the circle with diameter [pi ;pj] […]. 
The graph of relative neighbours considers two points pi and pj  to be neigh‑
bours if d(pi, pj) ≤ max [d(pi, pk ),d(pj,pk)] ∀ k = 1,…,n k ≠ i, j with d(pi, pj) the 
distance between pi and pj.” (Loonis & Bellefon, 2018).
7. This conclusion is robust as the results are significant irrespective of the 
concept of proximity used.
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The spatial autocorrelation at employment zone 
level calculated for the 2018‑2019 variation 
is also significant, though to a lesser extent. 
Moran’s index I 8 is 0.2 when calculated for 
the change in the private‑sector wage bill by 
employment zone between 2018 and 2019 and 
0.34 between 2019 and 2020 (Table 2): this 
suggests that the health crisis has accentuated 
the overall spatial autocorrelation.

The analysis of the spatial autocorrelation indi‑
cators may also be carried out on the structural 
effects and local effects from the shift‑share 
breakdown (Levratto et al., 2017). As these 
two variables are correlated to the change in 
the private‑sector wage bill, the tests also 
conclude that there is a positive and signifi‑
cant spatial autocorrelation. Conversely, the 
spatial autocorrelation of the structural effects 
is almost unchanged between 2019 and 2020 
(0.29 compared with 0.28), in contrast to the 
spatial autocorrelation of the local effects (0.15 
compared to 0.32). It would therefore seem that 
the increase in the spatial autocorrelation of the 
change in the private‑sector wage bill is due to 
an increase in the spatial autocorrelation of local 
effects during the health crisis. In other words, 
the more intensive link between neighbouring 
regions in 2020 is not linked to the regions’ 
sectoral specialisations, but to local effects. 
Specifying a spatial model will make it possible 
to clarify these different relationships.

3.2. Estimation of the Impact of the Health 
Crisis on the Private‑Sector Wage Bill 
with Spatial Econometric Models
3.2.1. Model Specification

A simplified model with the structural effect as 
the only explanatory variable is tested as part 
of the initial approach; the model’s error term 
is therefore assimilated to the local effect of the 
region. Specifying the model in this way makes 
it possible to test the relationship between the 
change in the private‑sector wage bill in 2020 
and the structural effect, on the one hand, and 
the local (residual) effect, on the other.

For this, and as the spatial autocorrelation of the 
variation in the private‑sector wage bill has been 
proven, it is possible to introduce the proximity 

matrix W into the model. As the relationship of 
proximity may operate on several levels, there 
are different ways of specifying a spatial model.

Spatial correlation may be present in unobserved 
characteristics, in which case W intervenes 
in the model error: this is the SEM (Spatial 
Error Model), which is formulated as follows: 
Y X u= +β , where u Wu= +λ ε . Starting from 
the principle that the change in the private‑sector 
wage bill for a given region depends on that of its 
neighbouring regions, the model, which in this 
case is a spatial autoregressive model (SAR), 
also known as an endogenous interaction model, 
is formulated as follows: Y WY X= + +�ρ β ε. The 
change in the private‑sector wage bill of a given 
region can also depend on the structural effects 
of its neighbouring regions: Y X WX= + +β θ ε, 
this is the exogenous interaction model (spatial 
lag X, SLX). Lastly, the spatial Durbin model 
(SDM) involves both endogenous and exoge‑
nous interactions: Y WY X WX= + + +ρ β θ ε 9  
(Loonis & Bellefon, 2018). The idea behind 
this initial approach is twofold: to estimate the 
variability in the changes in the private‑sector 
wage bill explained by the variability in the 
structural effects (and therefore to measure the 
extent to which the sectoral structure is a key 
factor in explaining the heterogeneous impact 
of the health crisis), and to identify the level at 
which the spatial autocorrelation operates when 
the specified model contains the structural effect 
as the only explanatory variable. This is why 
these four models are estimated.

Once the estimates have been carried out for 
2020, the different practical approaches10 lead 

8. Moran’s index is defined for any variable y as:
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where n is the number of regions and wij is the relationship of proximity 
between the zones i and j. The Moran I is between −1 and 1; it is interpreted 
as a correlation coefficient.
9. The SDM model is currently used in the literature, as it is more robust 
against poor specification choices (Loonis & Bellefon, 2018).
10. Several approaches coexist for choosing the most appropriate model. 
The bottom‑up approach consists in starting by testing an OLS model, then 
carrying out Lagrange multiplier tests on λ and ρ (Anselin et al., 1996). The 
top‑down approach consists in starting the other way round, by testing an 
SDM model (LeSage & Pace, 2009). The mixed approach takes the start of 
the bottom‑up approach, and, in the case of spatial interactions, suggests 
testing an SDM model (Elhorst, 2010). The summary of these approaches 
is taken from Loonis & Bellefon (2018). 

Table 2 – Overall Moran’s I values in 2019 and 2020 associated with the change in the private‑sector wage 
bill, structural effects and local effects

Average change in the wage bill Structural effects Local effects
2019 0.20 0.29 0.15
2020 0.34 0.28 0.32

Notes: The values are different from zero at significance level alpha=0.01. Contiguity matrix.
Reading note: The Moran index is 0.29 when it is calculated for the 2019 structural effect and 0.28 when calculated for the 2020 structural change. 
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us to choose the SEM model as the most robust. 
With an adjusted R² of 0.60 (in other words, 
60% of the variability in local changes in the 
private‑sector wage bill is due to the variability 
in structural effects), the local sectoral struc‑
ture is therefore the first factor explaining the 
heterogeneous impact of the health crisis on  
the private‑sector wage bill.

The results of estimating an SEM model also 
confirm the results presented previously: the 
change in the private‑sector wage bill in 2020 
also depends on other unobserved characteristics 
with a spatial autocorrelation (λ  significantly 
different from 0), and incorporating the local 
effect. With the aim of clarifying the local 
effects, namely variability which is still to be 
explained, a model containing the structural 
effect (expressed as the deviation from the 
average national private‑sector wage bill vari‑
ation between 2019 and 2020) and additional 
explanatory variables representing other aspects 
of the local pre‑health crisis context (calculated 
in 2019) is tested as part of the second approach.

There are many determining factors of local 
effects. The local effect could incorporate 
other characteristics of the local labour market, 
such as “the size of the companies established 
in the local area or the level of qualification 
of the labour force” (Bouvart et al., 2021),  
the “contraction in local demand linked to the 
drop in activity” or even the “development of 
remote working” but also, given the nature 
of the 2020 crisis, the potential effect of the 
local “epidemic intensity” (Barrot, 2021). It is 
also useful to assimilate the local effect to the 
more global concept of regional attractiveness 
(Zaninetti, 2016). Lastly, Levratto & Carré 
(2013) associate it more with geographic and/
or political concepts: “geographic situation in 
the national economic space, measures taken in 
favour of or to the detriment of the region, the 
region’s own dynamism, etc.”. The Herfindahl 
index11 is introduced into the model to represent 
the size of establishments, and the proportion 
of executives12 is selected to reflect the level  
of qualification of the workforce. The unem‑
ployment rate, used as a proxy for the economic 
situation, is also added.

Furthermore, following other spatial studies on 
employment (Carré et al., 2020; Brunetto & 
Levratto, 2017; Levratto et al., 2017), we also 
introduced the number of jobs per km² (i.e. the 
job density), which captures clustering effects, 
and an indicator of the region’s predominantly 
residential nature that represents the openness 
of the employment zone’s activities to the 

outside.13 Lastly, given the specific nature of 
the employment‑related activities sector (tempo‑
rary employment) during the health crisis, in 
particular with regard to the partial activity 
scheme (see Appendix 1), we also introduced 
the proportion of jobs in this sector.14

As for the simplified model, several models 
(OLS and spatial) are estimated (see Table A5‑2 
in appendix, and Table A5‑1 for comparison 
with 2019). The different practical approaches 
this time lead us to choose the SDM model as  
the most robust; this is also the one that gives 
the best performance of all the models tested 
(highest R2, lowest AIC15). The formulation of 
this model suggests that the spatial autocor‑
relation no longer functions in the error term 
– as was the case in the first approach with the 
structural effect as the sole explanatory vari‑
able; the addition of further variables therefore 
seems to allow for a greater understanding of 
the local effect that presents a spatial autocor‑
relation. As the SDM model contains spatially 
offset variables WY and WX, the interpretation 
of the relationships between the change in the 
private‑sector wage bill and the different explan‑
atory variables must still take into consideration 
interactions and feedback between regions, 
which is why the direct and indirect effects are 
generally used to break down these different 
relationships (Loonis & Bellefon, 2018). The 
direct effect corresponds to the impact of a 
change in an explanatory variable in this region 
on the change in the private‑sector wage bill in 
employment zone z. This indicator takes into 
consideration the feedback effects observed 
between employment zones: an explanatory 

11. For each employment zone, the Herfindahl‑Hirschman (HHI) index is 
equal to the sum of the squares of the shares of the region’s establishments 
in its employment. It is a measure of local market concentration. 
12. The concept of executive is defined here as belonging to the catego‑
ries laid down in Articles 4&4 bis or 36 of the French National Collective 
Agreement on Retirement and Insurance for Executives of 14 March 1947, 
on the creation of the AGIRC (General Association of Pension Institutions 
for Executives) scheme. The definition of “executive” within the meaning 
of the AGIRC does not exactly match that of the INSEE socio‑professional 
nomenclature.
13. The “residential zone” indicator is taken from the employment zone 
typology given in Lévy et al. (2020). It is built around the concept of presen‑
tial sphere, which “covers activities implemented locally for the production 
of goods and services aiming at the satisfaction of the needs of persons 
present in the zone”.
14. Other variables could have been tested, but they were not ultimately 
included as they are strongly correlated with the variables selected above. 
This is the case for the proportion of new jobs in total jobs in 2019, the pro‑
portion of permanent contracts in 2019, the decile ratio of salaries in 2019 
and the proportion of days spent in partial activity in 2020. As a result, the 
absence of correlation was verified for all explanatory variables selected 
(structural effect, Herfindahl index, proportion of executives, unemployment 
rate, job density, residential zone, and proportion of jobs in the employment‑ 
related activities sector).
15. The adjusted R² of the SDM model is 0.67, whereas it was 0.60 when 
the structural effect was the only explanatory variable. This result suggests 
that the structural effect is the predominant factor explaining the heteroge‑
neous impact of the health crisis on the private‑sector wage bill, to a much 
greater extent than the other local characteristics.
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variable for a given region z can have an effect 
on the change in the private‑sector wage bill in 
region z, but also on that of its neighbouring 
regions, which, in return, impacts region z. 
Symmetrically, the indirect effect corresponds 
to the impact of a change of explanatory variable 
in all employment zones other than employment 
zone z on that latter zone. It therefore represents 
the spillover effect.

3.2.2. Results

Table 3 presents the results of the estimate of the 
direct and indirect effects of each explanatory 
variable.

The local context in 2019, taken from the 
perspective of the unemployment rate and job 
density, seems not to have an impact on the 
change in the private‑sector wage bill during 
the 2020 health crisis; these two variables do not 
appear significant in terms of either direct effect 
or indirect effect. This result (also obtained in 
2019) is different from that obtained by Carré 
et al. (2020) in relation to the variation in 
salaried employment. This suggests that the 
private‑sector wage bill (which incorporates  
the simultaneous effects on workforce and 
wages) is less sensitive to the economic context 
and the agglomeration effects than the salaried 
workforce when considered on its own.

The variables associated with the business 
sectors (the structural effect and the share of 
temporary employment in salaried jobs in 2019) 
have a direct positive effect that is significantly 
different from zero. The relationship between 
the change in the private‑sector wage bill and 
the structural effect is therefore again verified 
using this specification: if, all other things being 
equal, the region is more specialised than the 
average (metropolitan France) in sectors heavily 
impacted by the health crisis, it belongs to the 

group of regions for which the private‑sector 
wage bill fell the most. This result suggests that 
this relationship does not depend on the location 
of the region and its neighbours. Furthermore, 
the temporary employment sector (employment‑ 
related activities) plays a determining factor in 
the local variation of the private‑sector wage 
bill. Temporary jobs, characterised by lower 
wage levels (−23% compared with the average 
salary per capita in metropolitan France in 
201916), are the first to be lost in the event of a 
crisis, forming a sort of “safety valve” (Pérez 
et al., 2015). The regions with the highest levels 
of temporary employment therefore benefitted 
from a favourable composition effect: their 
private‑sector wage bill fell by less than their 
workforce numbers.17 This is particularly 
prevalent in Brittany, and especially in seven 
employment zones forming a cluster (Box). 
For example, in the Pontivy‑Loudéac employ‑
ment zone where 29.1% of jobs in 2019 were 
held by temporary workers, the number of 
employees fell by 5.2% and the wage bill by 
1.7% in 2020, and in the neighbouring zone 
of Lamballe‑Armor (25.4% temporary jobs in 
2019), the number of employees fell by 4.9% 
while the wage bill fell by 3%. Moreover, due 
to temporary workers commuting from one 
employment zone to another (the “commuters”), 
the temporary employment effect spills over 

16. By way of comparison, Urssaf Caisse nationale estimates that the 
average salary per capita of temporary workers is 15% lower than the total 
average salary per capita in 2020 over a wider scope: metropolitan France 
and overseas departments and territories (Boulliung & Amoros, 2021).
17. This categorises them in the employment zones having best with‑
stood the health crisis, in the sense of the change in their private‑sector 
wage bill between 2019 and 2020. Conversely, the regions characterised 
by lower temporary employment (for example, Corsica, see Box) directly 
accessed the partial activity scheme to withstand the health crisis, which 
has an immediate effect on their private‑sector wage bill (see Appendix 1), 
an effect accentuated by the salary levels of jobs accessing the partial acti‑
vity scheme in 2020 (on average 15% higher than the average salary per 
position in metropolitan France).

Table 3 – Direct and indirect effects
Explanatory variables Direct effects Indirect effects
Structural effect (2019‑2020 change) 1.430 [1.248,1.611] −0.013 [−0.518,0.489]
Proportion of executives (2019) −0.072 [−0.121,−0.021] 0.031 [−0.120,0.187]
Job density (2019) 0.000 [−0.000,0.000] 0.000 [−0.000,0.000]
Unemployment rate (2019) −0.090 [−0.219,0.031] 0.072 [−0.187,0.330]
Residential zone (2020) −0.004 [−0.010,0.001] −0.024 [−0.041,−0.009]
Proportion of jobs in the temporary employment sector (2019) 0.087 [0.045,0.131] 0.148 [0.037,0.267]
Concentration (Herfindahl index – 2019) −1.349 [−1.913,−0.775] −0.282 [−1.986,1.499]

Notes: Empirical confidence intervals (2.5% and 97.5% quantiles of 1,000 Bayesian Markov Chain Monte Carlo simulations ‑ MCMC) are given in 
brackets; if 0 is included in the confidence interval, the effect is not significant.
Reading note: The direct and indirect effects of the proportion of jobs in the temporary employment sector in 2019 are 0.087 and 0.148, respecti‑
vely. If, other things being equal, the proportion of temporary jobs falls by 10% in an employment zone, its private‑sector wage bill falls on average 
by 0.87%. If, other things being equal, all the neighbouring employment zones of a region see their proportion of temporary jobs fall by 10%, the 
private‑sector wage bill of this region falls on average by 1.48%.
Sources and coverage: AGIRC‑ARRCO salary database, authors’ calculations. Employees contributing to AGIRC‑ARRCO, excluding MSA 
employees, metropolitan France.
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into neighbouring regions, hence a significant 
indirect effect.

The labour market concentration has a negative 
and significant direct effect on the private‑sector 
wage bill variation. This result, for 2019, 
confirms the concentration effect shown by 
Arquié & Bertin (2021), who highlight the 
fact that “a higher concentration, due to the 
increased weighting of large employers on the 
labour market, is accompanied […] by lower 
salaries, especially for lower paid employees”. 
Furthermore, the effect is accentuated during 
the health crisis (coefficient −1.330 in 2020 
compared with −0.513 in 2019 for SDM 
models) via an effect on the workforce: Carré 
et al. (2019) suggest that large companies have 
a greater tendency to reduce their workforce 
in periods of economic crisis. Moreover, it 
appears that the labour force qualification level 
is linked to activity concentration. Indeed, small 
and medium‑sized enterprises (with fewer than 

250 employees) have a lower rate of executives 
than companies with 250 employees or more: 
17% compared with 20%. However, the former 
experienced a smaller drop in their private‑sector 
wage bill than the latter: −4.8% compared with 
−6.4%. In addition, the estimate shows that the 
proportion of executives also had a significant 
and negative direct impact on the change in the 
private‑sector wage bill in 2020.18 This result, 
which may seem, at first glance, to be unexpected, 
is in line with those of Levratto & Garsaa (2016), 
who also highlight the link with company size, 
and with the industrial specialisation of certain 
regions that employ few executives. This would 
seem to help explain why the Breton regions 
(average rate of executives of 11.4%) withstood 
the health crisis particularly well.

Lastly, the residential zone indicator turns out 
to be non‑significant in terms of the direct effect 

18. The variable was not, however, significant in 2019.

Box – Clusters and Spillover Effects

To go further in the spatial analysis of the local effect, local Moran’s I values can be calculated. These are part of the 
LISA indicators (Local Indicators of Spatial Association) developed by Anselin (1995) and make it possible to detect 
groupings of similar values, known as clusters. These clusters could reveal potential spillover effects, i.e. spillover 
mechanisms between regions could influence the local effect and, ultimately, the change in the local wage bill.
Calculating the LISA associated with the local effect identifies two clusters. For almost all employment zones in Corsica, 
low values for the local effect are associated with equally low values in neighbouring territories (low‑low) – which is a 
sign of a positive local spatial autocorrelation, and has a significant upward influence on the overall spatial autocorrela‑
tion process at the level of metropolitan France. In Brittany, in seven employment zones (previously identified as those 
that best withstood the health crisis), high local effect values are associated with equally high values in neighbouring 
regions (high‑high).
The significant spillover effects (but in this case, in the other direction) highlighted in Corsica and Brittany confirm that 
the concept of local effect partly overlaps with the specific characteristics of the temporary employment sector, a result 
that is also suggested by the significance of its indirect effect. In Brittany, the spillover effect probably flows through 
commuters: in 2019, 37.4% of temporary jobs in the Breton cluster were held by commuters, compared with 31.4% 
on average.

Table – Local effects and proportion of temporary jobs (%)  
in 2019 in the employment zones identified in the clusters

Region Employment zone Local effects in 2020 Proportion of temporary jobs in 2019

Brittany

Auray 2.4 11.3
Carhaix‑Plouguer 0.4 10.2
Dinan 2.1 29.8
Lamballe‑Armor 3.6 25.4
Lorient 2.5 15.5
Ploërmel 2.2 22.6
Pontivy‑Loudéac 3.6 29.1

Corsica

Ajaccio −2.0 3.3
Bastia −3.1 4.6
Calvi −8.5 0.0
Corte −4.6 0.0
Ghisonaccia −1.7 0.0
Porto‑Vecchio −2.4 1.4

Metropolitan France ‑ 13.0
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but significant in terms of the indirect effect. 
The residential employment zones have more 
working employees than the number of jobs 
available in the region, with many of these 
therefore working in neighbouring regions. 
While this variable does not have a determining 
effect on the local variation of the private‑sector 
wage bill, it may, conversely, have an indirect 
effect via proximity relationships; the location 
of certain employment zones close to residen‑
tial zones therefore has a negative effect on the 
change in their private‑sector wage bill. This 
negative effect seems to be linked to the health 
crisis as the variable was not significant in 2019. 
In the Lyon employment zone (Figure III), 
where the private‑sector wage bill fell by 3.6% 
in 2020 on average, we see a more marked drop 
in the wage bill of workers commuting from a 
residential zone (for example, Bourgoin‑Jallieu: 
−4.9%) than among commuters from a non‑ 
residential zone (Saint‑Etienne: −2.6%) or even 
than non‑commuters (living and working in the 
Lyon employment zone: −3.7%). This result 
suggests that the variation in the private‑sector 
wage bill has been detrimentally impacted 
to a greater extent due to the profile of the 
commuters coming from residential zones than 
by that of other employees. Commuters are 

overrepresented among executives and highly 
qualified professions (40% of positions in 2019, 
compared with 32% on average, nationally19), 
who are more likely to have kept their salaries 
during the 2020 lockdowns due to the use of 
remote working (Jauneau & Vidalenc, 2020). 
However, the use of remote working was more 
difficult to implement in certain situations, such 
as for people with children to look after.20 There 
are more households with children in residen‑
tial areas, such as Bourgoin‑Jallieu (42.5% 
of households in the employment zone had 
children in 2018), than in non‑residential areas 
(for example, 35.5% in Lyon in 201821). This 
result suggests that households with children 
had a greater tendency to reduce their profes‑
sional activities than other households due to 
the closure of schools during the first lockdown 
(Pailhé et al., 2022).

19. This result is consistent with other studies on the subject (Coudène & 
Lévy, 2016; IAU Île‑de‑France, 2016).
20. Work stoppages were authorised during the first lockdown for parents 
who had to look after their children due to school closures.
21. Source: INSEE. See also Urbalyon (2022).

Figure III – Change in 2020 in the private‑sector wage bill associated with the jobs of the Lyon employment 
zone by employment zone in which the employees live

Non-residential zone Residential zone

Notes: The change in the private‑sector wage bill of the Lyon employment zone was −3.6% in 2020.
Reading note: The private‑sector wage bill of employees working in the Lyon employment zone and residing in the Lyon employment zone fell 
by 3.7% on average in 2020. The private‑sector wage bill for employees working in the Lyon employment zone and residing in the neighbouring 
residential employment zone of Bourgoin‑Jallieu fell by 4.9% on average in 2020.
Sources and coverage: AGIRC‑ARRCO salary database, authors’ calculations. Employees contributing to AGIRC‑ARRCO, excluding MSA 
employees, metropolitan France.
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*  * 
*

The article examines the question surrounding 
the impact of the health crisis in France, broken 
down into locally established business sectors. 
It confirms the very clear correlation between 
the change in the private‑sector wage bill and 
the sectoral composition of local jobs, a result 
already obtained in other estimations made 
on the subject. Furthermore, the temporary 
employment sector played a significant role as a 
shock‑absorber of the effects of the health crisis. 
The article identifies two other factors associ‑
ated with the local labour market that explain 
the different impact of the health crisis on the 
regions: the labour force qualification level and 
the concentration of activities. Lastly, the results 
shows that, for a given region, its neighbouring 
regions have an influence on the variation in the 
private‑sector wage bill: on the one hand, the 
shock‑absorbing role of the temporary employ‑
ment sector spills over into neighbouring zones 

through commuters, especially in Brittany. On 
the other hand, the regions neighbouring a resi‑
dential zone, primarily Paris and Lyon, would 
have withstood the health crisis more success‑
fully if they had not suffered a shock due to 
their employees commuting from neighbouring 
residential zones.

It would be interesting to extend the study to 
2021, a year which could be said to be “hybrid”: 
the beginning of the year was still deeply marked 
by the economic crisis (in April 2021, 2.5 million 
employees were still in partial activity), the 
economic recovery began in the second half. 
Finally, it will certainly be interesting to study, 
at employment zone level, the link between the 
characteristics of the local labour markets and 
the epidemic intensity: the works carried out by 
Levratto et al. (2020), which began at the start of 
the COVID‑19 pandemic, highlight a significant 
link between the socio‑economic factors and the 
number of hospitalisations and deaths at depart‑
ment level in France, although such a link has not 
been verified in Italy (Cerqua & Letta, 2021). 
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PARTIAL ACTIVITY

The partial activity scheme allows an employer to “receive a partial activity payment for its employees to address the drop 
in the company’s activity” in specific cases. Partial activity may take two forms: either a “reduction in the duration of the 
working week”, or a “temporary closure of all or part of the establishment”. Between March and May 2020, the employer 
was compensated for 70% of the gross hourly remuneration, limited to 4.5 times the minimum wage (SMIC) hourly rate. On 
1 June 2020, the compensation fell to 60%, except in sectors affected by the crisis (the S1 sectors, which include, in par‑
ticular, the tourism, hotel, restaurant, sport, culture, air transport, and events sectors, as well as the S1bis and S2 sectors) 
in which it remained at 70%. (Sources: https://www.service‑public.fr/professionnels‑entreprises/vosdroits/F23503).
Use of the scheme rose significantly in 2009, linked to the 2008 economic crisis (Nevoux, 2018). It was shown that partial 
activity had a significant impact on safeguarding jobs in companies experiencing a decline in turnover due to the crisis. 
The safeguarded jobs are “permanent” jobs (permanent contracts), with partial activity having only a slight impact on 
“temporary” jobs (temporary employment, fixed‑term contracts, etc.). This shock‑absorbing role against the impact of the 
crisis on job losses is also confirmed by the initial analyses of the health crisis. The Observatoire français des conjonctures 
économiques (French Economic Observatory – OFCE) estimates that the partial activity scheme saved 1.4 million FTE jobs 
in 2020 (OFCE, 2021).
Use of the partial activity scheme is not equal among the business sectors. The sectors that made the greatest use of 
the partial activity scheme in 2020 are linked to tourism, culture and leisure (Figure A1). These sectors were affected by 
the two lockdowns in 2020, in spring and autumn (Chausse et al., 2021). Conversely, four sectors used the scheme to a 
very limited extent: these were those whose activities were heavily required during the health crisis (medical‑social and 
social accommodation, human health activities) as well as other sectors such as financial service activities, and computer 
programming, consultancy and related activities. These latter two sectors are characterised by a high rate of executives 
(52% and 76%, respectively, compared with the national average of 19%). The employment‑related activities sector (tem‑
porary employment) stands out: although it experienced a 15% reduction in the wage bill, it had a lower rate of use of the 
partial activity scheme (2.5% of days worked in this sector fell under this scheme). Use of the partial activity scheme is also 
heterogeneous across the regions. Those making the greatest use of the scheme were Provence‑Alpes‑Côte‑d’Azur and 
Corsica (Cœuré, 2021).

Figure A1 – Business sectors by change in the private‑sector wage bill between 2019 and 2020  
and the proportion of days in partial activity in 2020
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Notes: The size of the circles is proportional to the weighting of the employment in the sector in 2020. For legibility reasons, sectors with a wei‑
ghting of less than 1% are not represented.
Reading note: The food and beverage service sector represented 5.5% of all positions held in metropolitan France in 2020 in the private sector. 
Between 2019 and 2020, its wage bill fell by 31.2%; the number of days spent in partial activity in 2020 in this sector represented 28% of the 
number of days in employment.
Sources and coverage: AGIRC‑ARRCO salary database, authors’ calculations. Employees contributing to AGIRC‑ARRCO, excluding MSA 
employees, metropolitan France.
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Table A2 – Sectoral specificity indices by employment zone in 2019 for certain business sectors
Employment zone Hospitality Construction Manuf. cars Empl‑related 

activities
Manuf. 

agrifood
Manuf. 

chemicals
Insurance Metal  

working
Manuf. metal 
equipment

Scientific 
R&D

Calvi 4.9 1.6 0.0 0.0 1.2 0.0 0.1 0.0 0.1 0.4
Propriano 4.1 2.7 0.0 0.0 0.9 0.0 0.1 0.0 0.6 0.0
Porto‑Vecchio 4.3 2.1 0.0 0.1 1.1 0.0 0.0 0.0 0.2 0.0
Menton 3.6 1.0 0.0 0.3 1.1 0.1 0.2 0.1 0.1 0.0
Sainte‑Maxime 4.4 1.4 0.0 0.3 1.0 0.0 0.0 0.0 0.1 0.0
La Tarentaise 4.4 1.0 0.0 0.4 0.7 0.7 0.0 7.1 0.8 0.0
Le Mont Blanc 3.9 1.1 0.0 0.5 0.8 0.1 0.1 0.0 1.3 0.1
Beauvais 0.7 1.2 5.0 1.3 1.2 1.7 0.6 1.8 2.1 0.4
Montbéliard 0.4 0.7 25.2 1.8 0.7 0.2 0.1 2.5 3.0 0.0
Mulhouse 0.8 1.2 5.2 1.1 1.1 2.5 0.5 0.3 1.1 0.2
Vitry‑le‑François Saint‑Dizier 0.6 1.0 2.2 1.3 1.1 0.9 0.2 22.2 2.9 0.0
Charleville‑Mézières 0.6 1.2 0.2 1.0 1.0 0.7 0.3 16.0 5.2 0.0
Sedan 0.6 1.1 0.2 1.2 1.8 1.2 0.1 14.5 6.2 0.0
Châtellerault 0.7 0.7 4.0 1.5 1.1 1.9 0.1 13.3 3.6 0.0
Loches 0.6 1.7 0.0 1.0 1.0 0.3 0.0 1.1 2.4 0.0
Châteauroux 0.7 0.9 0.1 1.3 1.1 0.5 0.3 5.6 1.5 0.0
Romorantin‑Lanthenay 1.2 1.3 0.1 1.3 1.4 0.2 0.1 0.0 3.9 0.2
Nevers 0.8 1.1 2.1 1.0 0.5 0.7 0.3 7.3 2.3 0.3
Quimperlé 0.7 0.7 0.1 2.3 8.3 0.2 0.0 0.0 2.4 0.0
Lamballe‑Armor 1.1 1.3 2.4 1.9 6.3 0.0 0.0 0.0 1.2 0.2
Vitré 0.4 1.0 0.0 1.7 6.2 2.6 0.0 0.2 0.6 0.1
Pontivy‑Loudéac 0.5 0.9 0.3 2.2 5.8 0.9 0.1 0.4 1.0 0.0
Sablé‑sur‑Sarthe 0.4 0.5 8.1 2.2 8.9 0.5 0.0 1.8 2.6 0.0
Mayenne 0.4 1.1 3.6 1.4 5.7 0.4 0.1 3.6 2.6 0.0
Dax 1.6 1.2 0.2 1.2 3.2 4.0 0.1 0.3 0.6 0.2
Mont‑de‑Marsan 0.9 1.2 0.2 1.4 3.1 0.7 0.5 0.6 0.5 0.1
Niort 0.6 0.9 0.4 1.0 0.8 0.8 25.5 2.9 0.9 0.0
Rouen 0.8 1.1 2.2 1.1 0.9 1.6 2.9 1.0 1.0 0.1
Bernay 0.5 1.3 0.0 1.8 1.8 5.6 0.1 1.2 2.2 3.3
Cherbourg‑en‑Cotentin 0.8 1.2 0.1 1.0 1.2 10.2 0.2 0.0 1.4 0.1
Bollène‑Pierrelatte 0.7 1.5 0.1 1.1 0.9 16.3 0.1 0.5 0.7 0.6
Dole 0.7 1.2 0.5 1.4 2.4 10.2 0.2 0.3 1.4 0.0
Grenoble 1.0 0.8 0.2 0.8 0.4 0.9 0.5 1.4 1.0 8.8
Manosque 1.2 0.9 0.0 1.9 1.2 5.8 0.1 0.0 0.3 17.1

Reading note: In 2019, the Calvi employment zone had a hospitality sector specificity index of 4.9: this sector is 4.9 times larger in terms of the 
number of jobs in the Calvi employment zone than the rest of metropolitan France.
Sources and coverage: AGIRC‑ARRCO salary database, authors’ calculations. Employees contributing to AGIRC‑ARRCO, excluding MSA 
employees, metropolitan France.
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MAP OF RESULTS OF THE SHIFT‑SHARE BREAKDOWN
Figure A3‑I – Structural effect, expressed as the deviation from the average national private‑sector wage bill 

between 2019 and 2020, by employment zone

-7.80 -0.99 -0.47 0.00 1.72

Reading note: The Calvi employment zone shows a negative structural effect (−7.3%).
Sources and coverage: AGIRC‑ARRCO salary database, authors’ calculations. Employees contributing to AGIRC‑ARRCO, excluding MSA 
employees, metropolitan France.

Figure A3‑II – Local effect, expressed as the deviation from the average national private‑sector wage bill 
between 2019 and 2020, by employment zone

-8.47 -1.34 0.00 1.11 5.38

Reading note: The Calvi employment zone shows a negative local effect (−8.5%).
Sources and coverage: AGIRC‑ARRCO salary database, authors’ calculations. Employees contributing to AGIRC‑ARRCO, excluding MSA 
employees, metropolitan France.
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REGION TYPOLOGY

The employment zones are categorised into six groups, based on the positive or negative nature of the variables of interest 
included in the shift‑share analysis (Figure A4).
The first group is formed of 34 employment zones, representing 22.1% of salaried jobs in metropolitan France in 2020, 
which experienced a change in their private‑sector wage bill above that observed in metropolitan France, associated 
with positive structural and local effects; these are the regions that best withstood the health crisis. The second group 
(71 employment zones, 17.4% of salaried jobs in 2020) includes the regions with resilience in the face of the crisis based 
on specific local characteristics. The third group (three employment zones, 17.9% of salaried jobs in 2020) is formed of 
employment zones with resilience in the face of the crisis based on the sectoral employment structure. The fourth group 
(45 employment zones, 9.7% of salaried jobs in 2020) is formed of the regions for which the negative impact of the health 
crisis is associated with the sectoral employment structure. The fifth group (23 employment zones, 9.8% of salaried jobs in 
2020) is formed of the regions for which the impact of the health crisis is based on specific local characteristics. Lastly, the 
111 employment zones that constitute the sixth group (23% of salaried jobs in 2020 in metropolitan France) are the regions 
in the most difficulty: they combine negative structural and local effects. These are the zones most negatively impacted by 
the health crisis.

Figure A4 – Region typology

Group 1: +/+/+
Group 2: +/-/+
Group 3: +/+/-
Group 4: -/-/+
Group 5: -/+/-
Group 6: -/-/-

Notes: Group 1: +/+/+; Group 2: +/−/+; Group 3: +/+/−; Group 4: −/−/+; Group 5: −/+/−; Group 6: −/−/−. The first sign corresponds to the change 
in the wage bill compared to the national average, the second sign to the structural effects and the third sign to the local effects, in line with the 
method suggested by Carré & Levratto (2013). 
Reading note: The Calvi employment zone (group 6) shows a negative deviation from the national average wage bill variation (−15.7%), a negative 
sector‑based effect (−7.3%), and a negative local effect (−8.5%). The Rennes employment zone (group 1) shows a positive deviation from the 
national average wage bill variation (+2.4%), a positive sector‑based effect (+0.4%), and a positive local effect (+2%). The Paris employment zone 
(group 3) shows a positive deviation from the national average wage bill variation (+0.8%), a positive sector‑based effect (+1%), and a negative 
local effect (−0.2%).
Sources and coverage: AGIRC‑ARRCO salary database, authors’ calculations. Employees contributing to AGIRC‑ARRCO, excluding MSA 
employees, metropolitan France.
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ESTIMATION OF DIFFERENT SPATIAL MODELS
Table A5‑1 – Estimation results of the variation in the private‑sector wage bill between 2018 and 2019

MCO SEM SAR SLX SDM
Constant 0.030*** (0.007) 0.028*** (0.007) 0.023*** (0.007) 0.041*** (0.012) 0.038*** (0.012)
Structural effect  
(variation 2018‑2019) 1.806*** (0.312) 1.656*** (0.311) 1.616*** (0.305) 1.540*** (0.325) 1.517*** (0.318)

Proportion of executives 
(2018) −0.029 (0.023) −0.021 (0.023) −0.023 (0.022) −0.006 (0.026) −0.005 (0.026)

Employment density (2018) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Unemployment rate (2018) 0.079 (0.050) 0.080 (0.054) 0.057 (0.050) 0.050 (0.072) 0.049 (0.070)
Residential area (2020) −0.004 (0.003) −0.003 (0.003) −0.003 (0.003) 0 (0.003) 0 (0.003)
% employment in temporary 
jobs (2018) 0.023 (0.022) 0.021 (0.023) 0.024 (0.022) 0.026 (0.024) 0.026 (0.023)

Concentration  
(Herfindahl index, 2018) −0.479*** (0.165) −0.457*** (0.161) −0.478*** (0.160) −0.520*** (0.164) −0.513*** (0.159)

λ̂ 0.177* (0.086)
ρ̂ 0.216*** (0.079) 0.074 (0.088)
θ̂structural effect 1.804*** (0.665) 1.541** (0.681)
θ̂proportion executives −0.086 (0.054) −0.082 (0.053)
θ̂employment density 0 (0) 0 (0)
θ̂unemployment rate −0.050 (0.105) −0.046 (0.102)
θ̂ residential area −0.009 (0.006) −0.008 (0.006)
θ̂employment in temporary jobs 0.054 (0.044) 0.047 (0.043)
θ̂HHI −0.396 (0.333) −0.343 (0.330)
AIC −1503 −1504 −1508 −1506 −1505
Adjusted R² 0.18 0.21 0.22 0.21 0.25

Notes: Contiguity matrix. Standard error in brackets. The values are different from zero at significance level: *** alpha=0.01; ** alpha=0.05; 
* alpha=0.1.
Sources and coverage: AGIRC‑ARRCO salary database, authors’ calculations. Employees contributing to AGIRC‑ARRCO, excluding MSA 
employees, metropolitan France.

Table A5‑2 – Estimation results of the variation in the private‑sector wage bill between 2019 and 2020
MCO SEM SAR SLX SDM

Constant −0.043*** (0.007) −0.039*** (0.008) −0.022*** (0.008) −0.063 *** (0.015) −0.045 *** (0.014)
Structural effect  
(variation 2019‑2020) 1.523*** (0.091) 1.485*** (0.090) 1.397*** (0.088) 1.427 *** (0.101) 1.429 *** (0.094)

Proportion of executives 
(2019) −0.097*** (0.026) −0.091*** (0.025) −0.086*** (0.024) −0.072 ** (0.029) −0.074 *** (0.027)

Employment density (2019) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Unemployment rate (2019) −0.057 (0.054) −0.081 (0.061) −0.062 (0.050) −0.082 (0.075) −0.094 (0.069)
Residential area (2020) −0.008*** (0.003) −0.005* (0.003) −0.007*** (0.003) −0.004 (0.003) −0.003 (0.003)
% employment in temporary 
jobs (2019) 0.110*** (0.022) 0.080*** (0.022) 0.078*** (0.022) 0.090 *** (0.024) 0.079 *** (0.022)

Concentration (Herfindahl 
index, 2019) −1.337*** (0.300) −1.224*** (0.281) −1.304*** (0.280) −1.417 *** (0.302) −1.330 *** (0.281)

λ̂ 0.421*** (0.075)
ρ̂ 0.299*** (0.055) 0.349 *** (0.076)
θ̂structural effect 0.075 (0.199) −0.505 ** (0.224)
θ̂proportion executives 0.031 (0.058) 0.046 (0.052)
θ̂employment density 0 (0) 0 (0)
θ̂unemployment rate 0.056 (0.109) 0.086 (0.101)
θ̂ residential area −0.022 *** (0.006) −0.016 *** (0.006)
θ̂employment in temporary jobs 0.120 *** (0.042) 0.073 * (0.040)
θ̂HHI −0.341 (0.643) 0.272 (0.605)
AIC −1505 −1528 −1530 −1514 −1531
Adjusted R² 0.61 0.65 0.65 0.63 0.67

Notes, Sources, Coverage: Cf. Table A5‑1.
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