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Abstract. The payroll tax is an important source for public financial revenues. Utilizing Norwegian
population-wide linked-employer-employee register-data for 2001–12 while exploiting the
harmonizing of the geographically differentiated payroll tax imposed by the EU, I show that payroll
tax increases are shifted onto workers’ hourly wages thus reducing these. Annual earnings also drop
as the payroll tax grows. Neither unemployment nor employment levels are affected in the short-run,
but the payroll-tax levels and the number of sick leave days appear positively correlated. In the long
run, entry into retirement and DI rolls increase. Thus the tax hike induces the withdrawal of workers
from the labour force.

1. Introduction

In most countries taxes on firms and people are essential for financing public activities
and redistributive purposes. Payroll taxes provide on average 25 per cent of total revenue
in OECD countries (OECD, 2008), thus they are obviously important for public revenues.
When public finance is pressed, it might be tempting to increase the payroll tax to bolster
public tax revenues and thus ensure financial sustainability of public programmes and
expenses. Similarly, by providing reduced payroll tax in certain regional areas one might
provide regional support. The key question is how the payroll tax affects wages and
employment? In addition, important secondary effects might turn up when analysing other
outcomes than employment and wages. Little is gained, if extra public revenues gained
when increasing the payroll tax, is lost to increased public expenditures on unemployment
benefits, social security disability insurance (SSDI) programs and health care.1

In this paper, I study how a Norwegian payroll tax reform influenced labour demand,
wages and employment outcomes, and long-term outcomes such as retirement and inflow
to SSDI rolls. Several studies, which I will return to below, have analysed the impact of
payroll tax reforms on wages and employment outcomes revealing mixed results. What
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makes the Norwegian reform unique is that it was imposed on employers by forces exter-
nal to Norwegian politics, thus allowing causal identification of the reform’s impact. Tax
reforms often follow from domestic internal reasons which potentially cause bias and make
evaluation difficult.
The Norwegian payroll-tax system was characterized by geographically differentiated tax

rates, and was supported by all political parties. However, after being criticized and con-
tested by the body surveying the trade agreements between the EU member states and
Norway for several years, Norway was forced to gradually disband the system from 2004
to 2006. This induced a forced payroll tax variation that is affecting quite a number of
workers, allowing causal identification of how payroll-tax changes, through labour demand,
yields labour supply responses.
Theoretically it is well-known that the effects of the payroll tax on employment are

ambiguous and depend on the how wages are set, how elastic labour demand is, how elas-
tic labour supply is, and finally, how strong the tax-benefit link (Hamermesh, 1993; Kugler
and Kugler, 2009). Empirical studies mostly reveal evidence of a shifting of payroll taxes
onto wages, usually observing increased wages when the tax burden is eased (Bennmarker
et al., 2009; Gruber, 1997), and negligible labour supply responses (Saez et al., 2012). The
evidence on how the entry to DI rolls and retirement are affected by payroll-tax changes is
hereto unexplored.
In Section 2 I describe the Norwegian payroll-tax reform. Section 3 reviews the literature

on the relationship between labour demand and payroll taxes, it describes how wages are
determined in Norway, and it presents the Norwegian sickness absence, disability insur-
ance, and retirement system. The econometric model and empirical strategy are described
in Section 4, whereas data are presented in Section 5. My results are presented in Section 6.
Section 7 briefly concludes.

2. The Norwegian payroll-tax reform

The Norwegian payroll-tax system with geographically differentiated tax rates is one of
the most important government policies supporting activities in areas facing economic
hardship, i.e. to provide incentives for and stimulate economic activities in low tax areas
and thus to ensure, to stimulate and to help people to live in all parts of Norway. This pol-
icy has been up-hold by both left- and centre-right coalition governments.
The Ministry of Finance determines each year the payroll tax for each geographically dif-

ferentiated zone, and they determine which municipalities belongs to which zones. These tax
rates were made public at the end of the previous year, i.e. the policy for year t is made public
late in year t�1. If or when the Ministry of Finance is of the opinion that the economic envi-
ronment has changed in a more permanent way for municipalities or areas, they might alter
the tax rates appropriately. Mostly, only small changes occurred from one year to another.
This differentiated payroll tax was criticized and contested by the EFTA Surveillance

Authorities (ESA), which originally considered this practice against the European Eco-
nomic Area agreement between EU and the EEA-EFTA countries of Norway, Lichten-
stein, and Iceland.2 On May 20, 1999, the EFTA court ruled against Norway, i.e. it
declared that the payroll-tax system was to be considered government subsidies against the
agreement. As expected, this decision was heavily contested by the Norwegian government.
As comprise between EU and Norway for 2000–2003 (when the new legislation should

be re-evaluated), exemptions from tax harmonization were introduced which in practice
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postponed the forced harmonization for most firms.3 Sweden, a member of the EU who
experienced that a similar differentiated tax for Northern Sweden was rejected by the EU
Commission in 2000, complained to the EU Commission about the unfairness that Nor-
way was in practice allowed to continue their tax regime. The EU Commission acknowl-
edged this unfairness, and gave ESA the task of enforcing fair practice. ESA requested
Norwegian government response by March 25th, 2003. As to bring the case once again to
the EFTA court was not expected to yield a new ruling, Norway choose gradually to dis-
band the practice, starting from January 1st, 2004.4 Thus January 1st, 2004 in practice
marks the start of the reform period.5

From 2004 and onwards low tax areas gradually experienced higher taxes. Freight-trans-
port-by-road firms were to face the full payroll tax (i.e. 14.1 per cent) regardless of work-
ers’ residence. To soften the impact of the reform, firms with workers residing in a zone
experiencing increased tax were allowed to pay the original low payroll tax until the differ-
ence between this aggregate sum across all their workers and what they should have paid
given the new tax rules reached 270,000 Nok. This induced a threshold for firms, which
determined those influenced by the new tax (most with more than 20–30 employees faced
the new tax).
Table 1 shows the development of the payroll-tax rate during the period 2001–09. Before

2007 only five tax zones exist, comprising tax rates from zero to 14.1 per cent (except for
the top 5 percentiles of the income distribution).
Norway’s municipalities are grouped into these zones.6 Zone I, representing the munici-

palities not being subsidized, faces the full tax rate of 14.1 per cent. Zone V, the zero tax
area, constitutes Norway’s northernmost county (all municipalities) together with a num-
ber of municipalities along the border in the neighbouring county. This is also clearly seen
in Figure 1, which shows the geographical location of the zones and how the basic payroll
tax (not for those at the top of the income distribution) changed from 2003 to 2006.
As seen in Table 1, from 2004, following the EFTA court ruling of 1999 and final deci-

sion in 2003, the tax rates of zones II-IV were increased slowly. In 2005 the additional top
tax for high paid workers was completely abolished.
In 2007, following the 2005 European Commission’s guidelines for how to provide regio-

nal support, the reform was reversed. However, three exceptions were made: (1) freight-

Table 1. The payroll tax reforms in Norway 1999–2009

Year

Payroll tax zones
Earnings

threshold (NoK)

Extra
percentage
points taxI Ia II III IV IVa V

1999 14.1 10.6 6.4 5.1 0 742,768 12.5
2000 14.1 10.6 6.4 5.1 0 774,032 12.5
2001 14.1 10.6 6.4 5.1 0 809,648 12.5
2002 14.1 10.6 6.4 5.1 0 851,728 12.5
2003 14.1 10.6 6.4 5.1 0 883,728 12.5
2004 14.1 14.1 8.3 7.3 0 930,224 12.5
2005 14.1 14.1 10.2 9.5 0 969,944 12.5
2006 14.1 14.1 12.1 11.7 0 No threshold 0
2007 14.1 10.6 (14.1) 10.6 6.4 5.1 7.9 0 No threshold 0
2008 14.1 10.6 (14.1) 10.6 6.4 5.1 7.9 0 No threshold 0
2009 14.1 10.6 (14.1) 10.6 6.4 5.1 7.9 0 No threshold 0
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transport-by-road firms were still to face the full payroll tax (i.e. 14.1 per cent); (2) 53 munici-
palities originally belonging to zone 2 were moved to a new sub-zone category (1a), were the
size of the workplace total wage bill determined the payroll tax (as regional support due to
bad economic performance)7 ; (3) the municipalities of Bodø and Tromsø would constitute a
new zone (IVa) and face an higher tax than the other municipalities in their original zone
(7.9 instead of 5.1 per cent). Furthermore, they decided that workers’ payroll-tax zone was to
be determined by the workplace’s location (and not the worker’s residence).

3. Labour demand, wages, benefits, and payroll taxes

3.1 Previous literature on labour demand, wages, and payroll taxes

As pointed out in the introduction, theoretically the effects of the payroll tax on employ-
ment are ambiguous. This depends on the wage-setting regime, on the elasticities of labour
demand and labour supply, and on how strongly related taxes are to benefits (Kugler and
Kugler, 2009). As Kugler and Kugler show, the negative impact of payroll-tax rate on
wages is increasingly offset as the elasticity of labour supply increases. The same is true if
the levels of benefits and taxes are less related. Similarly, the negative impact is enforced as
the elasticity of demand increases. This ability to shift the payroll tax onto wages is then
crucial for the impact of the payroll tax on employment. When the tax-benefit link is

0
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0
11.7
12.1
14.1

2003 2006 

Figure 1. The imposed payroll tax harmonization in Norway from 2003 and 2006

Note: The period of forced/imposed harmonization of the payroll-tax zones is from 2004 to 2006. After 2006 the
payroll-tax rates revert with few exceptions back to the pre-reform levels (see text for details).
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perfect, perfectly inelastic labour supply or perfectly elastic labour demand, then payroll
tax is fully shifted onto wages and no employment effect follows. However, when wages act
motivational, employers might respond to a payroll tax hike by shredding worker while
intensifying the required effort of those remaining, thus causing a positive relationship
between payroll-tax hikes and wages (Lang, 2003).
Over a more than a decade, empirical studies reveal mixed evidence of a shifting of pay-

roll-taxes onto wages. In as widely different countries as Chile, Finland, Sweden, and
Colombia, they find increased wages when the tax burden is eased (Anton, 2014; Benn-
marker et al., 2009; Gruber, 1997; Korkeam€aki and Usitalo, 2009). Anton (2014) also finds
positive employment effects following the reduced tax burden. More seldom, reduced wages
are observed when the tax burden is increased in the U.S. (Anderson and Meyer, 2000,
2006). Finally, Saez et al. (2012), exploiting a unique tax reform in Greece allowing analy-
ses of long-term effects, find no evidence of labour supply responses neither along exten-
sive nor intensive margins, which implies that shifting occurs.
On the other hand, when Dyrstad and Johansen (2000) and Carlsen and Johansen

(2005) analysed payroll-tax variation in the 1990s on regional data, they found that in the
short-run shifting might occur, but in the long-run no shifting was found. Similarly, on
French data, Lehmann et al. (2013) identify no relationship between the labour income
elasticity and the payroll-tax rate elasticity, indicating that no shifting occurs.
The empirical evidence is also mixed when one reviews the literature on regional sup-

port. To let some regions experience reduced payroll tax is a regional support policy estab-
lished in many countries (e.g. Argentine, Norway, Turkey, and Finland). In this literature
one finds on one hand, Korkeam€aki (2011) which concludes that no aggregate effects are
actually found in Finland from payroll tax cuts. This also implies that the regional differ-
entiated payroll tax reform in this case is less successful in providing regional support. Sim-
ilarly, also Huttunen et al. (2013) finds small and negligible effects in Finland when
targeting regional support for elderly workers. In Argentine local variation and changes in
the payroll tax appears to be shifted unto wages, thus yielding few employment effects
(Cruces et al., 2010). On the other hand, when Betcherman et al. (2010) analyse a more
extensive regional support they find evidence supportive of such systems.

3.2 Norwegian wage setting

Although any impact of the payroll tax on employment is crucially dependent on how it
affects wages, it is necessary to describe the Norwegian wage-setting regime. Norway is
characterized by a centralized wage-bargaining system. Wallerstein (1999) ranks Norway
ranks as the most centralized country, whereas UK, Canada, and the USA rank as the
least centralized. However, this system has a considerable element of local wage bargaining
and individual pay setting (Bowman, 2002). A firm might be covered by collective bargain-
ing at the local level (workplace or firm), at the sectoral level, at the national level, or a
combination of local and sectoral/national bargaining. In practice, 70 per cent of all work-
ers are employed in firms where local bargaining is following the national or sectoral bar-
gaining rounds (Barth et al., 2014). On the other hand, one in five workplaces, admittedly
primarily being small, provide individualized pay setting (Bryson et al., 2016). A central-
ized wage-bargaining system, as seen in Norway, clearly induces wage rigidities (Holden
and Wulfsberg, 2014). The centralized bargaining system is not geographically differenti-
ated, which could limit the tax-shifting possibilities of employers. On the other hand, the
local element might actually provide this opportunity of shifting.
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3.3 Sick leave pay, disability insurance, and public age pension in Norway

Since the key issues in analyses of payroll-tax reforms are how these reforms affect
wages and employment, admittedly other outcomes are secondary. Thus the evidence on
how payroll-tax changes affect other outcomes on the intensive and extensive margin such
as retirement, sick leave, and the entry to DI rolls are also less explored.8 As we are to
explore the impact on such outcomes, which might directly counteract any tax revenue gain
by increasing public expenditures on disability and health care, brief introductions to the
Norwegian sick pay and disability insurance systems are necessary.
The Norwegian sick pay system provides 100 per cent compensation for a majority of the

workers, time limited upwards to 1 year for physician-certified sick leaves (Dale-Olsen,
2013). In March 2007, partial sick leave became the standard when individuals’ reduction in
work capacity was less than 50 per cent and the work load could be adjusted at the work-
place (Brage et al., 2011)(for analysis of partial sick leaves, see Markussen et al., 2012).
As described by Kostøl and Mogstad (2014), the Norwegian disability insurance system tar-

get individuals who due to illness, injury, or medical conditions have experienced a permanent
drop in work ability.9 The work ability reduction, as evaluated by the Social Security Adminis-
tration’s medical staff and disability examiners, has to be at least 50 per cent and have to have
lasted at least a year. For individuals between 18 and 67 years of age, the disability insurance
compensation level is determined as the level of old age pension. After the mandatory retire-
ment age of 67 DI recipients are transferred to the public age pension system. The DI system is
financed by the insured (e.g. employee-paid taxes) and the employers (e.g. payroll taxes).
Until January 1st 2011, workers might retire and enter the Norwegian public age pen-

sion system from the age of 67 years (but trade union agreements might allow earlier
retirement and certain occupations have earlier mandatory retirement). The public age pen-
sion system ensured an average pre-tax compensation of just above 50 per cent (govern-
ment employees were ensured 66 per cent compensation), but the progressive tax system
which also made retired face lower tax rates than non-retirees, ensured that the post-tax
compensation increased to roughly 65 per cent. Private agreements ensured additional
compensation, and the possibility of early retirement.
These major welfare benefit systems are thus not explicitly geographically differentiated

(they are related to income and thus indirectly geographically differentiated). Thus if an
imposed harmonization of the payroll-tax levels across regions occurred with few apparent
changes to the provision of benefits, then this might actually influence the wage-shifting
possibilities and thereby employment.

4. Econometric strategy

The main empirical focus of the paper is to determine the short- and long-run causal
impact of the payroll-tax reform. The empirical strategy of the paper is basically very sim-
ple, mostly based on a basic difference-in-difference approach applied to linear regressions:

Yigt ¼ interceptþ b1payroll zoneg þ b2Tt þ b3Eduit þ b3EduitXTt

þ breformPayroll-tax rategt þ eigt;
ð1Þ

where Y could express outcomes such as the hourly wage, earnings or weekly working
hours, or indicator variables for being employed next year, newly hired (last year), newly
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hired due to establishment entry (last year), being unemployed at the end of the year,
entering early retirement, moved to another payroll-tax zone, being in the labour force
3 years later, having entering temporary disability insurance rolls 3 years later, and finally
receiving permanent disability insurance 3 years later. T and Edu express year dummies
and years of educational qualification in excess of compulsory schooling, respectively, and
Edu X T expresses the interaction of the year dummies and years of education. These lat-
ter terms takes into account educational-specific time trends.10 All fixed variation between
the payroll-tax zones are taken into account by dummies. The key parameter of interest is
breform, which now is identified by the variation in the payroll-tax rate driven by the
reform.
In an ideal setting, the tax rules (except for the payroll-tax rate-changes) would have

been unchanged during 2001–2009, thus making it possible to pool the data and conduct a
coherent analysis of the whole period. However, I have chosen to split the period into
2001–06 and 2004–09 for five reasons. First, the reform was reversed in the period 2007–09
and such a reversal might have different impact on outcomes, e.g. wages. Second, the num-
ber of payroll tax zones is increased from 5 to 7 in the period 2007–09 and this makes
comparisons with 2001–03 difficult. Third, from 2007 and onwards, the legislation changed
in how workers are designated to payroll-tax zones. Fourth, the reversal of the tax reform
in 2007 introduced payroll-tax differences depending on firms’ wage costs. Fifth, the
Financial Crisis of 2008–09 might have differential geographical outcomes.11 On the other
hand, the period of 2001–06 is characterized by no other major change than the payroll
tax reform. These considerations imply that comparisons of the period 2007–09 with the
earlier period are more likely to be affected by what can be interpreted as measurement
errors, and this makes outcomes of the reversal of the reform (2007–09) and the pooled
data (2001–09) much more difficult to evaluate.
Thus my prime analysis is of the reform using the years 2001–06, where the years 2001–

03 act as pre-reform years. The parameter associated with the payroll tax rate is identified
by changes in the payroll-tax rates within the reform zones over time. The reform or treat-
ment zones comprise zones 2, 3, and 4, whereas zones 1 and 5 act as the control group.
Fixed payroll-zone dummies take into account fixed within treatment/control group varia-
tion. In the reversal analysis (2004–09), I impose the new zones to the pre-period years of
2004–06, and thus add dummies for these zones as controls. Otherwise the reversal analysis
mirrors the analysis of the reform. Finally, I also supplement the analyses above by con-
ducting a limited analysis on the pooled sample (2001–09). Both the analyses of the rever-
sal of the reform (2004–09) and those on the pooled sample (2001–09) are supplemented
primarily for completeness and robustness reasons.
Because the number of clusters are few (i.e. only five payroll tax zones in the main

reform analysis, seven zones otherwise)(see discussion of Cameron and Miller (2015)
regarding the caveats of few clusters, ordinary clustered standard errors might be inappro-
priate, thus I also report wild-bootstrapped p-values (400 bootstrap resamples) based on
Rademacher weights.12

Employment and wage relationships are measured during the first two weeks of each
year. Thus in the last year of the pre-period (2003), all active employment relationships
had started long before ESA’s deadline of March 25th (2003) for the Norwegian govern-
ment response, and before this issue had gained public interest (see note 5), which limit
pre-reform selection issues. Furthermore, in the centralized wage-bargaining system of Nor-
way as wage negotiations between employer unions and labour unions primarily occur dur-
ing the spring, employment relationships (and their wages) in January year t are largely
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determined by the year t�1 spring bargaining outcome (although some wage drift occur
during autumn). For those receiving performance pay, bonuses for performance year t (e.g.
sales, revenues, profits) will usually be paid after the fiscal year, thus in year t + 1.

5. Data

My data set is based on public administrative register data provided by Statistics Nor-
way comprising all firms, workplaces and employees in Norway 2001–12 employed at least
January 1st and the next fortnight each year. This linked employer-employee data set pro-
vides information on workers (sick pay spells, diagnoses, gender, educational qualifica-
tions), jobs (seniority, spell-specific earnings and fringe benefits, working hours, wages, and
firm-and establishment identifying numbers), and workplaces (sales per employee, industry,
sector, and municipality).
I mainly focus on workers between 20 and 62 years of age during the observation period

to avoid measurement problems associated with other tax rules.13 Furthermore, as the so-
called ‘fat-cat’ top payroll tax was abolished after 2005, we exclude all workers with earn-
ings susceptible for the ‘fat-cat’ top payroll tax during the whole period (also as if it had
existed the years 2006–09) (this constitutes 1.7 per cent of the workers). The empirical
analyses focus on the changes in the payroll-tax rates for the large majority of the workers,
not the very few highly paid workers. Finally, firms exempted from the reform are dis-
carded from the data (they employ 6 and 3.5 per cent of the workers 2003–06 and 2006–
09, respectively).14

To measure correctly the impact of the reform on wages will be crucial for the analyses
that follow. To ease interpretation, in the remainder of the paper, all wage measures is
reported in 2006 U.S. dollar [deflated by the Norwegian CPI (KPI-JAE)].The hourly wage
measure is calculated as the job spell-specific earnings reported to the tax authorities rela-
tive to the spell-specific contracted weekly working hours multiplied the spell duration
measured in week. This measure comprises all wages, sick pay, and taxable fringe benefits
(such as a company car, stocks and stock options). However, as hourly wages are calcu-
lated from information on spell-specific earnings, spell length, and weekly working hours,
measurement problems might cause observations with very low wages or very high wages.
Thus we exclude 62 observations with hourly wages over of 1,247€ and those observations
with hourly wage less than 2.5 U.S. $ (1.8 per cent).15

Unfortunately, data from 2001 and 2002 are problematic for two reasons. First, before
2001 information on weekly work hours were only reported in form of three work hour
intervals.16 In 2001 still 26.6 per cent of the jobs were registered with intervals for work
hours. Second, in 2002 Statistics Norway started to keep track of work hour changes
within a year, identifying roughly 23 per cent such changes. After this start-up year, how-
ever, these occurrences increased to 45.5 per cent from 2003 and onwards. As the measure-
ment problems associated with work hour changes occur within a job and job changes
occur more frequently in central areas, these could problems affect the treatment and con-
trol group differently.
Let me return briefly to the key outcome measures. As key short-term variables I focus

on continuous variables such as the spell-specific hourly wage, weekly working hours, total
annual work hours, annual earnings, and the number of sick leave days. These variables
measure changes along the intensive margin. As key short-term variables measuring the
extensive margin I apply indicator variables expressing employed at the beginning of the
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year (only applied when analysing all individuals and not limited to workers), still being
employed at the end of the year, being newly hired during the last year, being newly hired
due to establishment entry during the last year, unemployed (receiving unemployment ben-
efits and having no active employment relationship at the end of the year), retirement, and
moved to another payroll-tax zone during the year. Long-term outcome variables of inter-
est are: indicator variables for being employed, receiving unemployment benefits, retiring,
entering temporary disability insurance rolls, and finally receiving permanent disability
insurance. These long-term variables measure labour market attachment along the exten-
sive margin.
Figures 2–4 show the outcomes separately for men (M) and women (W) and separately

for the two groups of payroll tax zones (the reform zones, i.e. our treatment group marked
by a dashed line, and those not affected) during the period 2001–09 for workers between
20 and 61 years of age. Figure 2 focuses on short-term outcomes on the intensive margin,
such as hourly wage, earnings, work hours, and sick leave. Similarly, Figure 3 focuses on
short-term outcomes on the extensive margin such as employment (for all and for workers)
and unemployment. Finally, Figure 4 shows long-term outcomes on the extensive margin.
In several cases we see that both for men and women outcomes are different for the con-
trol group compared with the treatment group, but nothing seems to inviolate the common
trends assumption. Such differences are as expected, because one of the motivations for
the geographically differentiated payroll tax system is to provide economic support to areas
less successful. On the other hand, the figures do not reveal any strong reform impact on
outcomes.17

From these data I construct the main sample. For impacts related to the intensive mar-
gin (wages, work hours, sick leaves, earnings) I require workers to be employed at least a
fortnight in the beginning of January 2003 (pre-period) and at least a fortnight in the
beginning of January 2004 (post-period). This is necessary to observe variation in the pay-
roll-tax rate within zones. For analysis of the impacts on outflow from employment, out-
flow from work to unemployment and other outcomes related to the extensive margin we
do not add further requirements. However, as the overall impact of the reform on the
employment levels is also important, in one analysis we extend the main sample to com-
prise all individuals within 20–62 years of age living in the municipalities. Thus this sample
is neither limited to workers nor the private sectors. Employment status is measured at the
beginning of each year.
For robustness checks I construct three additional samples which will then be used for

the supplementary analyses or robustness checks of how the payroll-tax reform affected
short-term and long-term outcomes. First, since the reform was basically annulled from
2007 and onward I also construct a ‘reversal’ sample comprising the period 2004–09, simi-
larly as the main sample. Note that when analysing outcomes related to the intensive mar-
gin, identification is ensured by variation in payroll-tax rates within zones, i.e. only two
years of observations are needed because the rates vary each year during the period 2004–
09.
Second, I create samples based on the main and reversal samples, but where treatment

workers are matched by pre-period characteristics (years of education, dummies for age
deciles, dummies for firm wage costs deciles, dummies for hourly wage deciles, dummies
for manufacturing, welfare (women), trade, hotel, transport, construction (men))18 to con-
trol workers based on gender-specific 1-nearest-neighbor matching without replacements.
The matching of the reform sample is based on characteristics from the pre-year 2003,
whereas the matching of the reversal sample is based on 2006 information.
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In Table 2 I present descriptive statistics on the key outcome variables for the main sam-
ple of workers, whereas Table A1 in the Appendix presents descriptive statistics on back-
ground characteristics for the main sample. Table A2 in the Appendix presents descriptive
statistics on outcome and background characteristics for the reversal-sample. Descriptive
statistics on the matched samples are available from the author upon request.
Table 2 clearly shows that the size of reform zones constitute roughly one fifth of the

control zones. Among the control zones, zone 1 by far constitutes the majority (98 per
cent). The treatment zones are more equal in size, although zone 2 constitutes roughly half
of the observations. We see from the tables (Tables 2 and A1) that workers pre-reform in
the affected payroll-tax zones (the treatment workers) are on average slightly less educated,
they receive lower wages and are less recently hired, and they are less involved in construc-
tion and transport industries compared with the control workers. On the other hand, the
treatment workers are more likely to move to a new tax zone and they are more likely to
be unemployed 3 years after 2003 or have entered the DI rolls. Otherwise, w.r.t. age, other
industries and other outcomes the differences between the treatment and control workers
are minor. Post-reform these relationships are still true, except that the prevalence of con-
struction and transport workers has dropped significantly among the control workers.
Also, note that the treatment workers appear more likely to move to a new tax zone also
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Figure 2. Short-term intensive outcomes over time

Note: Population: all male (M) and female (W) workers between 20 and 61 years of age, employed January 1st at
least one year and then at least for a fortnight. Employment and unemployment are measured at the end of
the year. The EFTA-treaty industries are excluded (see note 5).
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from 2006 to 2009 (Table A2), i.e. a period when it becomes more beneficial to stay in the
treatment zones. Thus worker movement from the treatment zones to the control zones are
always higher and not particularly related to payroll tax reform changes, i.e. worries of
worker selection issues related to the reform(s) is somewhat mitigated.

6. Main results

As the impact of the payroll-tax reform on labour demand depends on whether the tax
changes are shifted onto wages, we start by analysing the reform impact on wages. Table 3
presents the estimated parameter associated the payroll-tax rate from several linear hourly
wage regressions. One set of regressions takes into account all variation related to the com-
bination of industry (5-digit) and educational qualifications (6-digit) (in total 377,745 com-
binations) and years, thus controlling for educational- and industry-specific time trends.
Wild-bootstrapped p-values are reported in brackets. The first four columns report the
results from the reform, whereas the last four columns focus on the reversal of the reform.
The analyses of the main reform reveal that the payroll-tax harmonization, causing

higher payroll-tax levels for the treatment zones, result in wage reductions, so the tax hike
is partly shifted onto workers’ wages. The wage cuts appear to be rather modest, with
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Figure 3. Short-term extensive outcomes over time

Note: Population: all male (M) and female (W) workers between 20 and 61 years of age, employed January 1st
each year and at least for a fortnight. Wages and earnings are measured in in 2006 U.S. dollar. The EFTA-
treaty industries are excluded (see note 5).
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elasticities of hourly wage w.r.t. the payroll-tax rate around 5–10 per cent (evaluated at
mean). For each percentage point the payroll-tax increases, the hourly wage is cut by 15–
20 cents for men and 15–26 cents for women, i.e. less than 1 per cent for men and women
(compared with the pre-reform average hourly wage for the treatment workers). As seen in
Table 1, the tax rate increased 4–6 percentage points depending on zone, so overall the
wage cuts could be expected to constitute around 0.8–1 dollar. On the other hand, based
on the pre-reform hourly wage observations we can calculate the hourly post-tax wage cost
growth for the employers in the treatment zones due to the reform, which constitutes to
1.38 and 1.20 dollar for men and women, respectively. In other words, 60–80 per cent of
the increase in wage costs due to the reform is shifted onto workers’ wages. This indicates
that the shifting is non-negligible. When the reform is reversed we observe no impact of
economic size whatsoever. Thus when the payroll-tax is cut from 2006 to 2009, this appears
not to be shifted onto workers’ wages.
How robust are these findings? One potential worry has been that differences might exist

between the payroll-tax zones when it comes to background characteristics, which thus might
inviolate the common trends assumption essential in difference-in-difference analyses. I shed
light on this issue, by doing four different sets of analyses. First, I study whether this could
be related to differences in the returns to educational qualification within industry and time,
effectively controlling for education-industry time trends. Secondly, I study whether these
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Figure 4. Long-term outcomes over time

Note: Outcomes are measured after 3 years. Population: all male (M) and female (W) workers between 20 and
61 years of age, employed January 1st each year and at least for a fortnight. The EFTA-treaty industries
are excluded (see note 5).
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results are due to different regional time trends. Thirdly, I conduct a propensity score 1-to-1
matching on pre-period characteristics invoking common support, and after ensuring satisfy-
ing balancing tests (as implemented by Leuven and Sianesi, 2015), then repeat the difference-
in-difference regression analysis on the matched sample (on matching see e.g. Heckman et al.,
1998; and with difference-in-difference, see Blundell and Dias, 2009). To avoid bias, matching
is based on dummies and only one continuous background variable (Abadie and Imbens,
2006, 2011). Finally, I conduct a set of regressions controlling for fixed job characteristics,
effectively controlling for all variation between combinations of individualsXworkplaces, thus
letting the identification only rest on payroll tax variation within a job.
The results of these analyses are also presented in Table 3. As is seen in the table, the

findings appear quite robust. In most cases, the point estimates are quite comparable
across samples and measures. The main reform (2003–06) clearly implies a shifting of the
payroll-tax increase unto workers’ hourly wages, thus reducing these. The reversal of the
reform (2006–09) appears similarly, given the caveats of note 12, to have negligible or
insignificant impact on wages.
Finally, we present for completeness sake, selected regression results on the pooled data.

These estimates are weaker in strength, but are otherwise similar to the main reform esti-
mates. This comes as no surprise, because the estimates from the reversal of the reform
yielded small and insignificant results. The strong impact is identified by what happens
when the reform was introduced in 2004. As I have pointed out earlier in Section 4, it could
be more difficult to evaluate the impact of the reform reversal, and these problems could
thus affect the pooled sample as well. The pooled sample does, however, allow us to study
the reform (and the reversal) in an event-history perspective, i.e. we can see how the reform

Figure 5. Event-study approach. The reform effects across the observation period

Note: The figures report yearly mean effect (and 95 per cent confidence interval) associated with the reform zones
during 2001(reference) to 2009. The hourly wage is measured in 2006 U.S. dollar. The dashed lines indicate
when the tax rates in the zones start to change. Until 2003, the tax rates are unchanged. During 2004–06 a
harmonization of the tax rates occurs. From 2007 and onwards the tax rates are more and less changed
back to what it was during 2001–03, except for a minor sub-population.
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impacts changes over the reform period. We use the same model and controls as in the
model with regional time trends (rightmost column of Table 3).19 Figure 5 shows the devel-
opment from 2001 to 2009 of the hourly wages in the reform zones relative to the control
zones for men and women. The upper panel shows the graph for men, whereas the bottom
panel shows the similar graph for women. 2001 is the reference year, normalized to zero.
We see that for the next 2 years the hourly wage in the reform zones hovers statistically

around zero, although the point estimates are weakly negative. 2004 is the first reform year.
During 2004–06 the deviation in the hourly wage for the reform zones from 2001 turn sig-
nificantly negative, and in 2006 men and women in the reform zone earn 1.32 and 1.83
dollar (in 2006-dollar), respectively, less than in 2001. In 2007 the reform was more or less
reversed. We see that the deviations for men and women from 2001 are considerable in the
beginning, but then start to diminish (and actually disappears for men). Thus when we
observe no significant effects of the reversal of the reform in Table 3, this reflects two facts.
First, it follows from a comparison of the average of 2004–06 with the average of 2007–09,
and this difference is less than if we had compared with 2006 (when the reform was at
maximum). Second, it appears that the reversal process takes longer time to be fully
absorbed.
The wage impacts found in Tables 3 are all average treatment effects, but these effects

might be different depending on whether one consider high wage or low wage workers.
The centralized wage-bargaining system as seen in Norway clearly induces wage rigidities,
particularly at the bottom of the wage distribution, because firms in many sectors have
trade union agreements with binding minimum wages. This should, ceteris paribus, make it
more difficult to shift payroll tax increases unto workers at the lower end of the wage dis-
tribution. To shed light on this issue Equation [5] is estimated by quantile regressions
(Koenker and Hallock, 2001).
Table 4 therefor presents the results of several quantile hourly wage regressions, analys-

ing the impact at the 10, 50, and 90 percentile. It clearly reveals that the reform affects
high wage workers more strongly than low wage and medium wage workers. At the 10th

percentile, an increase in the payroll-tax rate by 1 percentage point implies 10–18 cent
reduced hourly wages for men and women. At the 90th percentile, such an increase in the
payroll-tax rate yields 30–40 cent reduced hourly wages for men and women. Once again
the table reveals that the reversal of the reform has negligible impact on wages, this time
across the wage distribution.
After having established that the payroll-tax reform affected wages by reducing these mod-

estly, we then ask the at least equally important question about what happens with employ-
ment? Table 5 reports the results from linear regressions of individuals and workers’
employment and hiring outcomes, for all individuals, workers and for the matched samples.
These analyses of both the reform and the reversal show a quite robust finding: the pay-

roll-tax rate changes caused by the reform and the reversal appear to have had negligible
impacts on employment and hirings. Close to none of the estimations yield any significant
impacts associated with the payroll-tax changes. One exception is the reduced female
employment rates overall in the economy as the payroll-tax rates grow. Another exception
is the impact on the hiring activity following workplace entry, which appears reduced fol-
lowing increased payroll-tax rates. We have also tested out specifications with different lin-
ear trends and controls for composition (not shown), but these yield qualitatively similar
results to what is seen in Table 5. While it is hard to draw strong conclusions from the esti-
mates of Table 5, it clearly appears that the shifting of the tax hike unto wages keeps
labour demand at the pre-reform level thus leaving employment unchanged.
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What other impacts can we observe following the main tax reform? Table 6 reports the
results from linear regressions of workers’ short- and long-term labour supply outcomes,
for all workers and for the matched samples. The results are usually qualitatively similar
across the populations and thus quite robust, but appear enforced on the matched samples.
As is seen in the table, few short-term effects on the extensive or on the intensive margin

are observed. Weekly working hours and annual work hours vary little, if anything they
increase slightly. This increase is, however, not enough to offset the cut in hourly wages,
and we see that when labour became more expensive, earnings dropped. The sick leave rate
appears not very sensitive to payroll-tax rate changes, but if anything higher tax rates
imply higher sick leave rates. Workers’ movement to new zones appears to have been
reduced. This reduction in worker mobility might reflect that a withdrawal process has
been initiated (e.g. expressed through sick leaves and filing for disability insurance).
What then about the long-term impacts of the main reform? As is seen in the table, we

mostly observe no significant long-term effects, with two important exceptions: the entry
onto retirement and permanent DI increases for both men and women as the payroll-tax
rate increases. While the pre-reform 2003 DI entry rates were 0.014 and 0.029 for men and
women, respectively, these rates increase by 7 and 10 per cent, respectively. Even if part of
the payroll-tax increase is shifted onto workers’ wages, the wage cut is not sufficient to hin-
der all negative long-term supply outcomes. Thus some of the increased payroll-tax rev-
enues following the tax hikes will have to be spent on DI expenditures and pensions.
This means that the concern raised in the introduction is well founded. However, is the

magnitude of this problem such that it is economically unsound to increase the payroll
tax? The withdrawal of any individual onto DI caused by tax increases cannot be inter-
preted as something positive. However, we can shed light on the economic side of this issue
by considering the case of men employed in the treatment zones (117,400 in 2003) and
conducting the following back of the envelope calculation. In 2003 the inflow to disability
(within 3 years) was 1.4 per cent (i.e. 1,643 men). The reform causes an increase in the
inflow to DI by 0.1 percentage points, around 117 men. In the matched samples these fig-
ures are twice as large, but still less than 300 workers. For each of these men one thus has
to pay roughly 50 per cent of their hourly wage in DI (see Section 2 on DI compensation
levels), i.e. about on average 11.9 dollar per hour for each worker. In addition, one has to
pay 0.6 day extra in sick pay compensation. On the other hand, 85.5 per cent of the work-
ers (over 100,000) remain in employment, generating 1.38 dollar per work hour for each
worker in extra payroll-tax revenues. Thus it appears that the increase in tax revenues by
those employed when the reform was introduced by far exceeds the increase in DI insur-
ance spending. Even if employers appear to hire fewer workers at entry, the loss in tax rev-
enue caused by less hiring cannot out-weight the increase in tax revenues.
As we already know that the payroll-tax reduction, i.e. the reversal of the reform did not

affect hourly wages, labour should have become cheaper and thus increased labour
demand. Table 5, however, did not reveal any evidence for the impact on employment and
hiring but we saw that the point estimates for women indicated that lower payroll-tax rates
was associated with higher employment and hiring rates. What about other outcomes?
Except for the impact on annual work hours, Table 7 on other outcomes reveals few

robust effects across samples associated with the reversal of the reform, on the intensive
and extensive margin and in the short- and in the long-run (during the next 3 years).
Lower payroll tax implies higher annual work hours. However, for women it also appears
that such a decrease in the tax causes the long-term job probability to increase. Although
not significant for men, we see that lower payroll tax is associated with higher long-term
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employment rates for them as well, which indicate that workers have become less likely to
withdraw from the labour force. Due to DI and retirement reforms (from 2010 and
onwards), we cannot study these outcomes, and can only speculate that the inflow to DI
and retirement would drop when the payroll-tax rate was cut.

7. Conclusion and discussion

The payroll tax is a major source for public financial revenues. Many countries experi-
ence an ageing population and thus increased pension and health care expenditures, and
during the last decade many Western countries faced increased public expenditures on
unemployment and disability benefits and lost tax revenues due to the Financial Crisis and
the following debt crises. In times of austerity revenues become more important, and
increased payroll tax could be an easy answer to strengthen public finances. At the same
time, the empirical evidence on the relation between the payroll tax, labour demand and
outcomes in and out of the labour market is scarce, and causal evidence is hard to come
by. In particular, it is important to gain insight into how the payroll tax affect employment
and wages, as these outcomes are important for workers levels of living, they affect public
tax revenues through the income tax system and they might influence the withdrawal of
workers from the labour market thus feed future public expenditures. In this paper I anal-
yse the impact of a shock to the Norwegian payroll-tax system, when trade agreements
between EU and Norway, combined with EU’s competition rules, forced Norway to dis-
band the geographically differentiated payroll tax.
The analyses reveal that higher payroll-tax levels were shifted onto workers’ wages, with

few other short-term effects. The long-term employment effects generally appeared limited,
increased entry to DI rolls was, however, an unfortunate consequence. Thus part of the
growth in tax revenues generated by the payroll-tax increase ended up being spent on pub-
lic DI expenditures, but the extra revenues out-weighted these expenditures by a wide mar-
gin. When the reform was revoked in 2007, and thus tax rates were cut, these tax cuts were
not shifted sufficiently or quickly enough onto workers’ wages. Cheaper labour should thus
have increased demand in the short-run, but we only observe weak short- and long-term
employment gains for men and women. Firms might, however, have anticipated that a
future shifting will occur, thus already adjusted labour demand accordingly. Unfortunately,
the Financial Crisis and other tax reforms occurring late in the period might also affect
the results relating to the reversal of the reform.
Finally, from my results, it is tempting to conclude that raising the payroll tax would be an

easy way to improve fiscal revenues for many countries, and thereby finance growing enrol-
ment in social security programs. Viewed in isolation, this is true. At least the Norwegian
labour market seemed quite resilient to payroll-tax rate hikes, with the exception that workers’
wages were cut. However, due to the partial equilibrium nature of my analyses, such a conclu-
sion is premature. This requires an appropriate general equilibrium model, which then should
be applied to consumer- and labour market data jointly. I leave this for future research.

Notes

1On average in the OECD-area, countries spend 1.2 per cent of GDP on disability benefits, and
whereas incapacity-related benefits constitute on average 10 per cent of total public spending (OECD,
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2010:57), in a redistributive economy such as the Norwegian, it constitutes as much as 23 per cent
(OECD, 2010, Table 2.1). Enrolment in social security disability insurance (SSDI) programmes and
growing health-related expenses cause concerns in many countries (Burkhauser and Daly, 2012;
OECD, 2010), and one set of suggestions to ensure the financial sustainability of the SSDI pro-
grammes has therefore been to increase the payroll-tax rates, experience rating the payroll tax and to
introduce private employer-financed DI (Autor and Duggan, 2010; Morton, 2014; Ruffing and Van
de Water, 2014).

2The aim of the EEA Agreement is to guarantee the free movement of persons, goods, services,
and capital; to provide equal conditions of competition; and to abolish discrimination on grounds of
nationality in all 31 EEA States – the 28 EU States and 3 of the EFTA States. The EU Member
States are monitored by the EU Commission and the EFTA States party to the EEA Agreement by
the EFTA Surveillance Authority. The latter has been given powers corresponding to those of the
Commission in the exercise of its surveillance role. The EFTA Court has jurisdiction with regard to
EFTA States which are parties to the EEA Agreement. The jurisdiction of the EFTA Court largely
corresponds to the jurisdiction of the Court of Justice of the European Union over EU States.

3Firms involved in the so-called EFTA-treaty industries have always payed 14.1 per cent payroll
tax: production of electricity by water power, extraction of crude petroleum and gas, services related
to extraction of crude petroleum and gas, mining of non-ferrous metal ores, quarrying/mining of oli-
vine and nepheline syenite, production of ESCS-steel, shipyards, production of telecom services, and
finance involving activities outside Norway in the EFTA-area. Exemptions were given to all other
firms not competing with EU-firms, and to those located in the outskirts of Norway were transport
costs constitute a significant burden. According to the NGO ‘No to EU’ fact sheet No 2/2002 only
150 firms was forced to pay higher payroll taxes.

4See http://omega.regjeringen.no/nn/dep/fin/Dokument/proposisjonar-og-meldingar/stortingsmeld
ingar/20022003/stmeld-nr-2-2002-2003-/3/3/4.html?id=328073.

5This is also seen by the public interest in these matters. A textual search on ‘payroll tax’ in the
data base of Norwegian journals and newspapers reveal a hit of 200–300 each year until 2003. Jan-
uary 2003 reveals only 40 hits, but later during 2003 the reform gets national attention thus generat-
ing over 900 articles featuring the word ‘payroll tax’. During 2004–05 one observes 4–500
occurrences, and then a new spike in 2006 with over 700 occurrences.

6From 2002 workers older than 61 years of age experienced reduced payroll-tax rates.
7Firms located in this zone would pay 10.6 per cent payroll tax until the difference between what

the firm actually pays in payroll tax and what it would have paid given 14.1 per cent tax reached
530,000 NOK. Above this threshold, firms would have to pay 14.1 per cent payroll-tax rate for the
wage bill above the threshold.

8Changing labour demand is clearly important for variation in the retirement rates and the inflow
to DI. Bad times, recessions, job displacements, and plant closures, all reflecting reduced labour
demand, induce higher entry to DI (Black et al., 2002; Huttunen et al., 2011; Korkeam€aki and
Kyyr€a, 2010; Rege et al., 2009). Bratsberg et al. (2013) even argue that since job loss is a major rea-
son for becoming a DI recipient in Norway, this disability recipiency is really unemployment in dis-
guise. Experience-rating of the employer’s portion of the payroll tax has been found to increase
employers’ preventive actions to reduce the inflow to DI rolls in Netherlands, contingent on
employer awareness (Koning, 2009, 2012). Employer-sponsored private disability insurance is also
advocated by Autor and Duggan (2010). Current Population Survey data reveal that recessions signif-
icantly accelerate retirements of older workers over a 30-year period (Coile and Levine, 2011), while
a linking of the US Census 1980, 1990, and 2000 to the 2009–11 American Community Survey reveal
that local demand conditions do affect the labour and retirement behaviour of the older segment of
the population, particularly in the service industry (Maestas et al., 2013).

9In 2004 the system was reformed by the introduction of temporary DI benefits. Individuals might
become temporarily unable or less able to engage in substantial gainful activity, but these conditions
could improve over time. Thus temporary DI benefits were introduced for a period of 1–4 years for indi-
viduals which the Social Security Administration anticipated an improvement in work ability conditions.
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10In one of the robustness check specifications, we take into account all variation related to the
combination of industry (5-digit) and educational qualifications (6-digit) (in total 377,745 combina-
tions) interacted with the time dummies. Thus this within industryXeducationXtime regression com-
pletely control for industry- and education-specific time trends. In another robustness check
specification regional (county) linear time trends are added. In a final specification I even take into
account all fixed variation between jobs, i.e. thus identification of the impact of the payroll-tax
changes rests on variation over time within the same job.

11In the treatment zones only firms with total wage costs above the threshold experienced raised
payroll taxes. The thresholds were (in nominal NOK) 270,000/0.033, 270,000/0.057, and 270,000/
0.066 in zones 2, 3, and 4, respectively. In the control zone I imposed a threshold at 270,000/0.033.

12Arguably one should apply the 6-point distributed weights of Webb (2013) when conducting the
wild bootstrap.

13During 1.7. 2002–31.12.2006 those 62 years of age or older got 4 percentage points reduced pay-
roll-tax rates. See Ellingsen and Røed (2006) for an analysis of this reform.

14These firms are involved in the so-called EFTA-treaty industries and always pay 14.1 per cent
payroll tax: electricity production by water power, extraction of crude petroleum and gas, services
related to extraction of crude petroleum and gas, mining of non-ferrous metal ores, quarrying/mining
of olivine and nepheline syenite, production of ESCS-steel, shipyards, production of telecom services,
and finance involving activities outside Norway in the EFTA-area.

15A legal minimum wage does not exist in Norway. Sector-specific agreements and union recom-
mendations make it difficult to cut wages below 10–15$ for adults in well-regulated industries.

16This makes it difficult to use data before 2001 to analyse the impact of payroll-tax changes on
the hourly wage.

17The lack of a strong discontinuity in 2004 regarding wages is slightly puzzling. On the other
hand, these aggregated wage averages are unconditional on the observation period, i.e. they comprise
quite a few workers only present in the data before the reform (only in the pre-period) or only after
the reform (in the post-period). To be easily seen, such a discontinuity has also to be considerable. In
Figure A1, we plot the average wages of the reform zones relative to the control zones (for men and
women). Here it appears that a minor drop occurs during 2004–06.

18Details on the matching procedure and results are available from the author upon request.
Matching tests reveal no significant difference between the control and treatment group when it
comes to the matching variables. Note that the matching variables mainly reflect labour market char-
acteristics of employed workers (e.g., wage, industry). Because most of the analyses of the reform
impact on intensive and extensive margin are based on workers (only the employment regression is
relevant for non-workers), a good matching along these characteristics are deemed more relevant
than matching on non-labour market characteristics.

19In practice, this is achieved by estimating regressions of the form
Yigt = intercept + bXXigt + b1payroll_zoneg + b2Tt + bYReform_zonegX Tt + eigt, where Tt expresses
a time vector (2002–09), Reform_zonegX Tt expresses the interaction between a dummy for being a
reform zone and the time vector, and X expresses a control vector.
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Appendix

Figure A1. Relative average wages of the treatment and control zones.

Note: M and W denote men and women, respectively.
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