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This paper uses quasi-experimental variation in payroll tax rates in Finland to inves-
tigate how firms use their input factors. We find that higher payroll tax rates lead to 
large employment responses and have no effects on employee-level earnings. As payroll 
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1 Introduction 

Payroll taxes are ubiquitous: the vast majority of OECD countries and most of the rest of 

the world impose some form of tax on payrolls shared between employers and employees and 

used to fund social insurance programs. Payroll tax rates can be substantial, reaching as 

much as 60 percent in France, for example. Moreover, the share of total tax revenue raised 

by payroll taxes has been steadily increasing in OECD countries since the 1960’s, so much 

so that payroll taxes now raise more revenue than income taxes (see Figure 1).1 For these 

reasons, payroll taxes can impose a substantial burden on the economy. 

In this paper, we estimate the incidence of payroll taxes and, in doing so, open the black 

box of the firm to assess how much payroll taxes bias the use of factors of production. We 

improve on previous payroll tax estimates in two ways. First, we use payroll tax variation, 

which affects all employees, rather than relying on age-based variation, which can affect 

incidence via pay inequality concerns (as argued in Saez et al. [2012] and Saez et al. [2019]).2 

Second, and relatedly, we are able to estimate the effects of payroll taxes at the firm level. 

To do this, we use unique variation in the employer portion of payroll tax rates in Finland. 

Finnish employers face a discontinuous increase in payroll tax rates if they exceed a set 

depreciation threshold. This triggers a significant change in payroll tax rates, which is 

equivalent, on average, to a 5 percentage point increase in corporate taxes. Importantly, this 

variation affects all employees in the firm, irrespective of their age, occupation status, etc., 

but does not affect the benefits they are entitled to. 

Using this exogenous variation together with a donut hole regression discontinuity design, 

we first establish that payroll taxes do not affect net-of-payroll-tax wages, implying that the 

burden of them is borne by firms. We then estimate the causal effect of payroll taxes on 

employment and find that payroll taxes reduce the number of employees, but with substantial 

1In the US, for example, the share of Federal revenue raised by payroll taxes has increased from less than 
10 percent in the 1950’s to more than 34 percent in 2016. In OECD countries, they raise 26 percent of total 
tax revenue, which is higher than the revenue raised by personal income taxes. 

2See also Bozio et al. [2019] and Boissel and Matray [2019] for the importance of benefit linkage for 
incidence. 
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heterogeneity by skill level and type of occupation: the employment effects of payroll taxes 

are concentrated among low-skilled workers and workers performing routine tasks. We also 

estimate the effect of payroll taxes on investment, and find a reduction in annual investments, 

which could be either consistent with workers and capital being complements or with scale 

effects, which we try to disentangle. 

There are two main potential concerns with our empirical approach, which we address. 

First, regression discontinuity designs can be sensitive to functional form assumptions as 

well as bandwidth choice. We address these issues in several ways. First, we use a placebo 

test that relies on years when the discontinuity in payroll taxes did not exist and estimate 

small and statistically insignificant discontinuities in outcomes at the threshold. Second, we 

provide plots of data around the cutoff that transparently and non-parametrically show the 

presence of a discontinuity in our outcomes of interest. Third, we show that our estimates are 

not sensitive to the use of different functional forms. Fourth, we use the optimal bandwidth 

estimates from Calonico et al. [2014], but also vary the bandwidth and find that our estimates 

are not affected by bandwidth choice. 

The second potential concern is that we might be estimating evasion responses rather than 

real responses. While the apparent bunching at the threshold (shown in Figure 3) could be 

due to evasion, we do not use this bunching in our estimation. In theory, firms could also 

be misreporting their number of employees to avoid the additional payroll tax. There are 

two reasons why we believe evasion cannot explain our results. First, if the employment 

response we estimate was due to firms evading payroll taxes, we would not expect sales, 

investments etc. to respond to the increase in payroll taxes as well, but we observe clear 

effects on these outcomes. Second, under-reporting the number of employees is very unlikely 

in Finland: while firms would be saving on payroll taxes, black market employment would 

deprive employees of all social insurance benefits and would put them and their employers 

at risk of facing legal consequences. Reducing wages or wage freezes to compensate for an 

increase in payroll taxes would be far less risky/costly. For these two reasons, it is very 
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unlikely that our estimates are due to evasion and instead are likely to be real responses. 

This paper contributes to the following literatures. First, we contribute to the tax inci-

dence literature: since taxes are at the heart of redistribution, knowing whether they affect 

different skill levels differently is key for the design of optimal tax systems. We provide some 

of the first evidence on this question by showing that payroll taxes affect workers of different 

skill levels employed in different tasks differently. Second, we show that payroll taxes tend 

to depress investment either through a capital-labor complementarity or because of liquidity 

and scale effects, which should be accounted for when scoring payroll tax changes. The 

US Congressional Budget Office, for example, currently assumes, as is standard in the tax 

incidence literature, that payroll taxes are fully borne by workers. This implicitly implies 

that payroll taxes do not distort firm-level input use, which is inconsistent with our find-

ings.3 Third, we complement the compelling evidence of Saez et al. [2012] and Saez et al. 

[2019], who use employee age- and cohort-based variation in payroll tax rates to question 

the consensus that payroll taxes are borne by workers.4 Given that their identifying varia-

tion is age- and cohort-specific, they argue that pay inequality concerns could explain their 

finding that payroll taxes are borne by firms, since otherwise employers would be paying 

two different wages to workers of different ages/cohorts but who are otherwise similar. In 

contrast, we first show that, even in settings where payroll tax changes apply to all workers 

in a given firm, which circumvents any issues of pay inequality between two workers within 

the same firm, payroll taxes are still borne by firms, further exacerbating the inconsistency 

of this finding with the canonical tax incidence model. Second, we can assess the effect 

of payroll taxes across the skill and task spectrum, which is not easily implementable in 

Saez et al. [2019] because of the nature of their identifying variation. Third, our identifying 

variation allows us to disentangle two possible channels through which payroll taxes affect 

firm-level outcomes: (1) the liquidity channel, i.e. firms changing their behavior because of 

the liquidity constraints that higher payroll taxes impose on them, and (2) the marginal cost 

3This can be seen in this document, for example: https://www.cbo.gov/budget-options/2018/54805. 
4See also: Cahuc et al. [2019]. 
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channel, i.e. firms changing their behavior because payroll taxes distort the marginal cost of 

labor. This is also difficult to implement in Saez et al. [2012] and Saez et al. [2019] because 

of the nature of their variation. Saez et al. [2019], for example, compare firms with a high 

share of young workers versus firms with a medium share of young workers, which, as they 

acknowledge, would capture both the liquidity and marginal cost channel effects at the same 

time. In our paper, we find evidence consistent with the liquidity channel. 

Second, while there is a large body of work discussing job polarization and its effects 

and causes (see Autor et al. [2006] and Goos et al. [2009]), there is limited evidence on how 

taxes affect the relative distribution of workers across the skill spectrum. Our paper is one 

of the first to show that payroll taxes affect skill levels and job tasks very differently. We 

believe this is important, both because we provide an additional channel that could affect 

job polarization that has not been explored before and also because our findings show that 

payroll taxes, possibly differentiated by skill group or by task, could be used as a policy tool 

to counteract job polarization.5 

Finally, we contribute to the literature that estimates the capital-labor elasticity of sub-

stitution. The debate in this literature has mostly centered around whether the capital-labor 

elasticity of substitution is greater than, equal to or smaller than 1 when using a constant 

elasticity of substitution (CES) production function. The consensus has been that the elas-

ticity is equal to 1, prompting researchers to use a Cobb-Douglas production function. More 

recently, this consensus has been questioned, for example by Raval [2014] and Oberfield and 

Raval [2014], who estimate a capital-labor elasticity that is smaller than 1 (but larger than 

zero), using a CES framework. Since we estimate that both capital and labor decrease when 

payroll taxes increase, our evidence is consistent with a capital-labor elasticity – at the micro 

level – that is equal to zero, i.e. capital and labor are estimated to be complements in the 

CES framework. However, this decrease in both capital and labor could also be consistent 

5Our paper is also related to a large literature in labor economics estimating the extent to which workers 
of different skill sets are complementary to capital. See, for example, Lewis [2011], Clemens et al. [2018], 
Lafortune et al. [2019], and, more recently, Fonseca and Van Doornik [2019]. 
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with liquidity effects, which are implicitly assumed away in the CES framework. For this 

reason, at the micro level, our findings could either be consistent with capital and labor being 

complements or with liquidity effects dominating the capital-labor substitution effect. Our 

evidence suggests that liquidity effects are likely to dominate, which calls for the literature 

to incorporate and investigate them. 

2 Institutional Background and Data 

2.1 Institutional Background 

2.1.1 Payroll Taxes in Finland 

In Finland, social insurance contributions are used to fund pensions, unemployment insur-

ance, accident insurance, health insurance and life insurance. Both employees and employers 

contribute to social insurance.6 In general, the largest share of total social insurance contri-

butions goes to pension contributions, and employers’ statutory share of total contributions 

is larger than that of their employees. For example, in 2017, the average pension insurance 

contribution rate was 17.95 percent of a given employee’s monthly gross wage and the em-

ployee’s contribution rate was 6.15 percent. In this paper, we use variation in how much 

employers have to contribute to the health and pension fund, which in Finland is pooled 

together, as explained below. 

2.1.2 Identifying Variation in Payroll Tax Rates 

Prior to 2010, there were three employer payroll tax rate brackets for health and pension 

contributions, depending on the level of capital depreciation and labor costs of the firm, as 

shown in Table 1 below.7 Importantly, the contribution rates of employees and the benefits 

6The split between employees and employers depends on several firm and worker characteristics, including, 
for example, the age of the worker. The employer’s portion of social insurance contributions is based on the 
annual salaries paid to their employees. 

7We provide details of the depreciation rules in Appendix Section A. 
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they qualify for were unaffected by these discontinuities. Category I corresponds to firms 

with less than EUR 50,500 of annual capital depreciation or more than EUR 50,500 but less 

than 10 percent of annual labor costs.8 Category II corresponds to firms with depreciation 

levels of more than EUR 50,500 and 10 to 30 percent of labor costs. When depreciation 

levels exceed EUR 50,500 and 30 percent of labor costs, contributions are paid according to 

Category III.9 The rationale for these three categories was to support labor-intensive firms 

by reducing their labor costs and they were originally introduced in April 1973. 

Employers’ payroll tax rates are an increasing step function of the category that firms 

belong to. We focus on comparing firms in Category I, which fall below the depreciation 

threshold, to firms in Categories II and III, which are above the threshold. As illustrated 

in Appendix Table 11, firms in Categories II and III systematically face a 2 to 3 percentage 

points higher payroll tax rate, depending on the years and the category. 

Table 1: Firm categories for payroll tax rates 

Definition for firm categories 
I D < 50,500 or D ≥ 50,500 and D < 0.1 * labor costs 
II D ≥ 50,500 and D ≥ 0.1 * labor costs and D < 0.3 * labor costs 
III D ≥ 50,500 and D ≥ 0.3 * labor costs 

Note: D refers to tax-deductible capital depreciations and labor costs refer to all salaries. 

In January 2010, these three categories were abolished and the three different contribution 

rates were replaced with one single rate of 2.23 percent for all firms irrespective of annual 

capital depreciation levels and labor costs.10 

2.1.3 Collective Wage Bargaining 

In Finland, wage bargaining involves a high degree of coordination. Typically a national level 

agreement is negotiated between the union and employer federations. Then the industry-

8Note that new firms were always subject to Category I for the first two years of operation, irrespective 
of their depreciation levels and labor costs. 

9These categories were determined by the latest available tax information and salaries paid for the same 
year as that used to determine the depreciation levels. For example, the 2006 payment category was based 
on fiscal year 2004. 

10See legislation in Finlex: Government Proposal 147/2009. 
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specific employee unions and industry-specific trade organizations bargain over wages at the 

industry level. These negotiations set a general wage increase for all wages in the sector and 

minimum pay in each task, which is industry-specific. Importantly, these agreements apply to 

all workers, not only to employees who belong to labor unions. Although collective bargaining 

is extensive (over 90 percent of employees are covered by a collective wage agreement), wages 

can vary across firms and across employees within firms. Firms can, of course, pay higher 

wages but also lower wages as long as they remain above the industry-specific minimum 

wage. Therefore, collective wage agreements could affect the incidence of payroll taxes on 

wages and earnings, but only for workers for whom the minimum wage is binding, which we 

assess below. 

2.2 Data 

We use firm-level tax record data covering the universe of Finnish firms from 1996 to 2015, 

provided by the Finnish Tax Administration. The dataset contains a rich set of firm-level 

variables and firm characteristics, including organizational form, location and industry code. 

The data provide yearly information, at the firm level, on labor costs, number of employees, 

both accounting and tax amounts of capital depreciation and the level of capital investment. 

Importantly, we can separate investments into three different main categories: fixed assets, 

buildings and research and development. In addition, we have firm-level data on sales and 

various cost categories, including material and rental costs. 

We provide summary statistics in Appendix Table 13. The upper panel shows descriptive 

statistics for the main firm-level variables used in the empirical analysis. The lower panel 

shows the same statistics for the whole sample of Finnish firms with sales between EUR 

10,000 and 100,000,000 to illustrate how comparable the sample of affected firms is to the 

whole firm population. On average, firms are larger in our sample in comparison to all 

Finnish firms, but the difference is small. In Appendix Tables 14, 15 and 16 we also show the 

industry, organizational form, location and firm age distributions for firms above and below 
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the threshold. Evidently, firms above and below the threshold are very similar, suggesting 

that the variation we use does not focus solely on a set of particular firms but that their 

observable characteristics are reasonably similar. 

The only data restriction we apply throughout the paper is that we exclude all firms that 

were not subject to the depreciation rules we consider. Specifically, we remove all firms that 

have capital depreciation below 10 percent of total labor costs. Legally, the discontinuity in 

payroll tax rates we consider does not apply to these firms, so there is no reason to include 

them in the analysis. This restriction removes approximately 25 percent of the total data. 

In addition to the universe of firm-level data in Finland, we also observe a wide set of 

information on the employees of these firms, and, importantly, we can match the employee-

level dataset to the firm-level dataset using a unique identifier. Employee-level data are 

reported annually, are based on job contracts and contain the following variables, among 

others: gender, age, working days and months and annual earnings in each firm. These 

data also include the starting and ending dates for each employee-firm job contract pair. 

In addition, we link the employee-level dataset to an administrative dataset that contains 

information on the education levels of all Finnish individuals in two forms: (1) a dummy 

for whether an employee has a high school or a vocational school diploma, and (2) a six-

category classification of the highest education level attained. We first link the job contract 

data (which contain information on employees and unique firm identifiers) to our firm-level 

tax register data containing the annual depreciation levels and other yearly firm-level vari-

ables. We are able to match 93.2 percent of all firm-year pairs to their employee-year pairs. 

Furthermore, we link these two datasets to the dataset containing employee education vari-

ables, with a match rate of 99 percent. Appendix Table 12 provides definitions of the most 

important outcome and other variables used in the empirical analysis below. 
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3 Empirical Strategy 

To estimate the response of capital investment to labor costs, we use a discontinuity in 

payroll tax rates at the EUR 50,500 depreciation threshold, as described in Section 2.1. As 

firms cross the EUR 50,500 depreciation threshold, average (and marginal) payroll tax rates 

discontinuously increase, effectively increasing labor costs, as shown in Figure 2. 

Our empirical analysis proceeds in four steps. First, we provide graphical evidence by 

plotting all our outcomes of interest around the payroll tax discontinuity to ensure that any 

estimated discontinuity in these outcomes is graphically present. 

Second, we formally estimate the size of the discontinuity in our outcomes of interest 

around the payroll tax rate threshold using a donut-hole regression discontinuity design. 

Because our running variable (depreciation levels) can be manipulated by firms, we exclude 

firms that bunch at the cutoff. The upper panel of Figure 3 shows that firms adjust their 

depreciations to avoid exceeding the threshold. Therefore, we cannot use a standard regres-

sion discontinuity design (RDD) approach to estimate the response of capital investment to 

labor. Instead, we use a donut hole regression discontinuity design, as in Bajari et al. [2011], 

Card and Giuliano [2014] and Barreca et al. [2016]. We use the method from Kleven and 

Waseem [2013] to determine the manipulated area which, in their framework, corresponds to 

the area of the excess and missing masses. We describe this approach in detail in Appendix 

Section B. 

After defining the donut hole region using the bunching method, we follow the approach of 

Calonico et al. [2014] to estimate the mean square error optimal bandwidth and report bias-

corrected estimates with robust standard errors. Formally, we run the following regression: 

log(yi) = α + β1 · (depri − d) + β2 ∗ Abovei + β3 ∗ Abovei ∗ (depri − d) + �i (1) 

where yit is the outcome of interest for firm i, depr is the level of capital depreciations, d 

is the depreciation threshold above which the average payroll tax rate increases, Above is 

a dummy (1 above the depreciation threshold, 0 otherwise), �i is the error term, which is 
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estimated following Calonico et al. [2014] and β3 is the coefficient of interest showing the 

magnitude of the change of the outcome variable at the payroll tax rate discontinuity. All 

the variables used in the analysis are defined in Appendix F, Table 12. 

Third, to ensure that our estimates are not spurious, we run equation (1) on the pre-

2010 years and the post-2010 years separately for each outcome. The treatment years are 

the pre-2010 years, when the payroll tax discontinuity was in place. The post-2010 period 

corresponds to the placebo years, when there was no payroll tax discontinuity. As a result, 

the post-2010 period offers a plausible falsification test. We also plot all of our outcomes of 

interest in the post-2010 years to ensure that the placebo estimates match the graphical evi-

dence. As described below, all our placebo estimates are economically small and statistically 

insignificant. 

Fourth, we perform several robustness checks, including varying the size of the donut hole, 

the bandwidth and using different degrees of polynomial fit. Our results are robust to all of 

these checks, which we describe in detail in Section 4. 

Note that, in principle, we could use a difference-in-differences (DD) approach to estimate 

the effect of the repeal of the threshold in 2010. The main reason we do not use this approach 

is because we lack a clear-cut counterfactual control group. First, when the payroll tax rate 

threshold was repealed in 2010, payroll tax rates decreased for all firms, including those 

below the threshold, which would bias our DD estimates if firms below the threshold respond 

differently to those above the threshold due to underlying firm heterogeneity. Second, firms 

occasionally move above and below the threshold, which would make it challenging to define 

treatment and control groups. For example, these movements would bias the intensity of 

the treatment in ways that are hard to account for. These issues are not present in our RD 

donut hole setting since we only rely on cross-sectional variation. 
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4 Results 

In this section, we first establish that there is indeed a discontinuity in the average payroll 

tax due by firms. We then use this discontinuity to estimate the effect of payroll taxes on 

earnings and then on employment. Finally, we consider the effect of payroll taxes on capital, 

as well as on other firm-level outcomes including sales and productivity measures, among 

others. 

Payroll Tax Rate. Figure 2 plots the average payroll tax rate for health and pension 

contributions above and below the EUR 50,500 depreciation cutoff.11 The average payroll 

tax rate exhibits a clear discontinuity at the cutoff, with an increase of 2.6 percentage 

points. This confirms the presence of a discontinuity in payroll taxes and validates our 

empirical design. While seemingly small in magnitude, especially compared to other payroll 

tax changes analyzed, for example in Saez et al. [2019], this variation is substantial because, 

contrary to other payroll tax incidence papers, it affects all employees in a given treated 

firm. On average, it corresponds to a 5 percentage point change in corporate taxes for the 

firms close to the payroll tax rate threshold in our data. 

Earnings. Figure 4a plots the effect of the payroll tax discontinuity on individual employee 

earnings net of the employer and employee portions of payroll taxes.12 There is no evidence 

of a discontinuity in earnings at the threshold, implying that employees above the cutoff 

do not appear to bear the burden of the higher payroll tax rates. Using equation (1), 

we estimate the discontinuity in earnings at the threshold both in the treatment sample 

(years 1996 to 2009) and the placebo sample (years 2010 to 2015). Table 2 shows the 

corresponding results. Importantly, this table also includes control means, which can be used 

11The size of the payroll tax rate increase at the threshold is determined by firm categories, as described in 
Table 1, but for simplicity, Figure 2 shows the average payroll tax rates across firm-level annual depreciations. 
Also, as shown in Appendix F, Table 11, this variation only applies to the health and pension contribution 
rates, and only determines a fraction of total firm-level contributions. 

12We winsorize the data by dropping the 5th and 95th percentiles for each outcome in order to reduce 
volatility due to outliers. 
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to assess the magnitude of the estimates.13 We estimate a small and insignificant response 

in earnings in both the treatment and placebo samples of -0.005 and -0.010, respectively. 

Similarly, there is no response in earnings to payroll taxes when estimating equation (1) on 

different earnings deciles, as shown in Appendix F, Table 17, or on different types of workers 

(unionization status, gender, education and type of task), as shown in Appendix F, Table 

18. This mitigates concerns that the absence of a response for earnings is mechanically due 

to collective bargaining agreements, which are only binding for low-earners. This is a test 

of this assumption that is also implemented in Saez et al. [2019], for example. We return to 

this in Section 5. 

Labor Costs. Next, we consider the effect of the payroll tax rate discontinuity on labor 

costs at the firm level. Labor costs correspond to the total amount spent by a firm on their 

employees and are net of the employer and employee portion of payroll taxes. Figure 4b 

plots the response of labor costs to the discontinuity. We observe a decrease in labor costs 

just above the cutoff, implying that net-of-payroll-tax labor costs decrease as payroll taxes 

increase. This is confirmed by the regression estimates, which show a 17.7 percent reduction 

in labor costs. 

Since we have estimated that earnings do not respond to the payroll tax, but labor costs 

do, and since labor costs are roughly the product of earnings and the number of employees, 

this implies that employment likely responds to the payroll tax discontinuity. Therefore, 

next, we estimate the effect of the payroll tax discontinuity on employment. 

Employment. Figure 4c confirms that the labor costs response is mostly due to a decrease 

in employment (rather than a decrease in earnings): as payroll taxes increase, the number 

13Using the control means estimates, one can translate the log levels effects into euros. For example, below 
we show that intermediate inputs and sales decrease by approximately 30% and 6.8%, respectively. The log 
of the control mean is 11.81 for intermediate inputs above the threshold and, with the effect we estimate, 
this implies approximately a decrease of 39,825 euros (135000 *-0.295). Similarly, for sales, the log of the 
control mean is higher (13.35), in which case -6.8% is equivalent to -42,690 euros (627,800 *-0.068). A similar 
reasoning applies to the remaining variables as well. 
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of employees at a given firm decreases. We estimate a -9.1 percent response to the payroll 

tax, as show in column (3) of Table 2. This estimate implies labor demand elasticities that 

vary between 2.90 and 4.16, depending on the years and the firm category we consider, 

which matter because payroll tax rates vary slightly across years and firm categories. The 

magnitude of our elasticity estimates are consistent with other recent estimates presented in 

the literature (see, for example, Lichter et al. [2015] for a survey of labor demand elasticity 

estimates and Ku et al. [2020] for a recent estimate using payroll tax variation). 

This finding is important and contrasts with the traditional view of the real effect of 

payroll taxes on wages and employment. Since the common wisdom is that payroll taxes do 

not affect the price of labor faced by firms as they are passed through to wages, and because 

labor demand is more elastic than labor supply, we usually do not expect payroll taxes to 

have employment effects. The fact that payroll taxes distort employment is consistent with 

the findings of Saez et al. [2019], who show that, when payroll taxes are reduced for workers 

aged under 25, firms tend to employ more of them. We complement their compelling findings 

in two ways: (1) we establish that these employment effects exist even when across-the-board 

payroll tax changes are implemented, mitigating concerns that these employment effects may 

be due to the pay inequality concerns of paying a 25-year-old a different wage than a 26-

year-old, and (2) we can assess the effect of payroll taxes across the skill and task spectrum, 

which is not implementable in Saez et al. [2019], since most 25-year-olds hold entry-level jobs 

that require limited skill levels and experience. 

These estimated employment effects indeed mask important dimensions of heterogeneity 

along skill levels but also along the type of tasks workers engage in. We describe both below 

in detail. 

Employment effects along the skill dimension. While the labor economics literature 

has devoted substantial attention to the importance of skills in the labor market, our knowl-
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edge of the differential effects of taxes by skill level is still limited in public finance.14 In 

order to investigate this response, we break down our sample of workers into high- versus 

low-skilled. The skill breakdown is based on educational attainment, as is commonly done 

in the labor economics literature. In the Finnish education system, there are two main levels 

of academic achievement: graduating from high school and graduating from college. We 

perform our classification using these two metrics. Our first breakdown classifies workers 

without a high school degree as low-skilled, and those with a high school degree as high-

skilled. The second classification draws the skill division at graduating from college. Figure 

5 shows the employment effects of payroll taxes for these four groups. We detect no employ-

ment effects for high-skilled workers, whether defined by college or high school graduation, 

as shown in the bottom panels of Figure 5. Instead, all the effects seem to be concentrated 

among low-skilled workers, as shown in the upper panels of Figure 5. 

The graphical evidence is confirmed by our regression estimates in Table 3: the employ-

ment response for low-skilled workers is -22.4 percent (no high school degree) and -17.0 

percent (no college degree). In contrast, the effects for high-skilled workers are economically 

small and statistically insignificant. The placebo tests (years from 2010 to 2015) show no 

response for either low-skilled or high-skilled workers. 

Employment effects along the task dimension. A more recent literature has argued 

that the low-skilled/high-skilled categorization masks important heterogeneity and a better 

suited categorization is one centered around job tasks, as surveyed in Acemoglu and Autor 

[2011].15 Following this literature and using our dataset, which includes job descriptions, we 

categorize workers into three groups: (1) upper-level employees, which include senior officials 

and upper management, senior officials and employees in research and planning, senior offi-

14See the following for examples of the labor market importance of skills: Card and Lemieux [2001], 
Carneiro and Lee [2011], Goldin and Katz [2007], Katz and Murphy [1992], Goldin and Katz [1998] and 
Krusell et al. [2000] 

15See also Akerman et al. [2015], Acemoglu and Restrepo [2018], Autor et al. [2003], Hershbein and Kahn 
[2018], Autor and Dorn [2013] and Goos et al. [2014]. 
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cials and employees in education and training and other senior officials and employees; (2) 

lower-level employees, including supervisors, clerical and sales workers and other lower-level 

employees; and (3) routine and manual workers, including clerical and sales workers, routine 

workers, workers in agriculture, forestry and commercial fishing, manufacturing workers, 

distribution and service workers and other production workers. 

Figure 6 plots the employment response for these three groups. The negative employment 

response is clearly concentrated among routine and manual workers. There is no substantial 

response for non-manual, non-routine lower-level workers and we observe a small increase 

for upper-level workers. Table 4 confirms these observations and shows that there is a large 

negative effect for manual workers (-21.1 percent), and substantially smaller and imprecise 

effects for lower-level employees (-7.7 percent), and upper-level employees (5.6 percent). 

Investments. If the firm production function is such that capital and labor are substi-

tutes, then the employment effects we estimate should result in an increase in investment to 

substitute for the decrease in labor. On the other hand, if capital and labor are complements, 

a decrease in employment should result in a decrease in investment. It is worth noting that 

this logic assumes away any liquidity effects (firms not having enough cash to fund their 

operations): if the liquidity effects are larger than the substitution effects, an increase in the 

price of labor will lead to an increase in both capital and labor even if capital and labor are 

substitutes. We return to this point below, in Section 5. 

Figure 7 shows the effect of the payroll tax discontinuity on investments. The upper left 

panel of Figure 7 shows that total investments decrease as a result of the higher payroll tax 

rates. This decrease in total investments is driven by a decrease in fixed asset investments 

(investment in machines and equipment), as shown in the upper right panel of Figure 7. We 

do not observe any change in buildings, as shown in the bottom left panel of Figure 7. And 

we observe an increase in R&D investment, as shown in the bottom right panel of Figure 7. 

Table 5 provides the corresponding estimates. We estimate a decrease of 14.3 percent for 
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total investment, which is mostly driven by an 18.4 percent decrease in fixed assets. Note 

that we also estimate a 24.4 percent increase in R&D investment, which only affects a few 

firms, since the majority do not invest in R&D. The corresponding placebo estimates show 

small and insignificant effects for total investment and all other investment subcategories. 

Note that the mechanical positive correlation between investment and capital depreciation 

cannot explain these results for two main reasons. First, this correlation is positive, since 

the more a given firm invests, the more depreciation it claims, which would go against 

our findings that firms above the depreciation cutoff invest less. Second, this mechanical 

correlation should affect investment linearly, and should not create a discontinuity at the 

cutoff and therefore should not affect our estimation strategy. 

Sales and productivity. Given that firms cut back on both capital and labor as a response 

to the increase in payroll taxes, one could reasonably expect a decrease in sales. The upper 

panel of Figure 8 plots the response of sales. The discontinuity at the threshold is negative. 

We estimate a response of -6.8 percent (relative to a placebo of -3.4 percent), implying that 

the volume of sales, while it responds negatively as one would expect, exhibits a limited 

response. Importantly, the sales response is also statistically indistinguishable from the 

placebo estimate. 

We also estimate a large decrease in the use of intermediate inputs of -29.5 percent, which 

is consistent with the estimated decrease in sales. Note that, in principle, it could be possible 

that the employment response we estimate is due to outsourcing. Importantly, outsourcing 

costs are included in our inputs measure, and thus our results suggest that this is likely not 

the explanation for the negative employment estimates, but since we cannot directly observe 

outsourcing costs, we cannot explicitly rule out that firms could be outsourcing labor. 

The observed limited decrease in sales could be consistent with an increase in productivity, 

which would also be consistent with the fact that we estimate a decrease in less productive 

workers, i.e. manual and routine workers, as well as low-skilled workers, and an increase 
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in R&D investments. In the bottom panel of Figure 8, we plot the response of labor and 

capital productivity, which we define as the ratio of firm-level value added divided by labor 

costs and capital cost, respectively. We find that labor productivity is indeed discontinuous 

at the threshold. In Table 6 we estimate that labor productivity increases by 12.8 percent, 

relative to a placebo estimate of -6.2 percent. Similarly, we observe that capital productivity 

– value added divided by annual investment – increases at the threshold by 11.3 percent and 

the placebo estimate is statistically insignificant at -5.9 percent. 

These results suggest that firms mitigate the effects of the higher payroll tax rates by 

scaling down on the less productive factors of production. 

Real Versus Evasion Response One possible explanation of our results is that firms 

facing a higher payroll tax rate could respond by misreporting their number of employees 

and hence keeping their payroll tax due constant. This would be consistent with the large 

employment effects we estimate. However, there are two main reasons why we believe our 

results are driven by real responses rather than evasion responses. First, we estimate that 

other variables change when the payroll tax increases, including some that would increase 

the tax liability. For example, we estimate a decrease in investment, which would not be 

consistent with an evasion explanation of our findings. Second, misreporting the number of 

employees in Finland is very unlikely for two main reasons: (1) black-market employment 

carries very heavy fines, and (2) employees who are not reported do not receive any social 

insurance benefits, hence making it highly unlikely than an employee would prefer such 

working arrangements to simply having their pay cut because of an increase in payroll taxes. 

Robustness checks. We perform the following five robustness checks and report these 

results in Appendix E. First, and as mentioned above, we systematically implement our 

estimates on the post-2010 period, when the discontinuity did not exist, as a placebo test 

and consistently estimate very small and statistically insignificant responses, which mitigates 

concerns over our identification strategy. In addition, Appendix Figures 11 – 16 provide 
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evidence supporting the fact that absent the payroll tax rate increase at the threshold in 

years 2010-2015, there is no clear visual discontinuity in any of our main outcome variables. 

Second, we vary the bin size to ensure that the discontinuity observed in our graphical 

evidence is not driven by this choice. Appendix Figures 17 and 18 plot the responses of our 

four main outcomes of interest using two smaller bin sizes, EUR 100 and 500, compared to 

our standard choice. Changing the size of the bins does not affect our graphical evidence. 

Third, we vary the size of the bandwidth in our estimations: Appendix Figure 19 shows 

the estimated employment and investment responses by size of bandwidth. While small 

bandwidths yield noisy estimates, the estimates stabilize relatively quickly and are virtually 

constant when considering any bandwidths, even those far from the optimal bandwidth 

derived from Calonico et al. [2014]. 

Fourth, we vary the size of the donut hole and re-estimate equation (1). Appendix Table 

8 reports the estimated investment and employment responses while varying the size of the 

missing mass region (donut-hole region to the right of the threshold). Appendix Table 9 

reports the estimated investment and employment responses while varying the size of the 

bunching region (donut-hole region to the left of the threshold). We estimate that the 

magnitude of the employment and investment responses is robust to varying the size of the 

donut hole, both to the right and to the left of the threshold. 

Fifth, we re-estimate equation (1) using second- and third-degree polynomials. Appendix 

Table 10 reports the estimates for employment and investment. The estimates are also robust 

to the choice of polynomial degree, and, if anything, the estimates appear larger in absolute 

terms, with more flexible polynomials compared to our baseline estimates. 

5 Implications for Firm-Level Production 

Collective Bargaining. In principle, in our setting, wages could be rigid because of the 

prevalence of collective sector-level wage agreements in Finland. These agreements set the 
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industry-level minimum wage, but otherwise allow wages to vary flexibly, and therefore 

should only be binding for low-earners. Therefore, they could explain why payroll taxes are 

fully borne by firms, but only for employees earning the collectively bargained minimum 

wage. In Appendix F, Table 17, we test whether the earnings of top earners respond to 

payroll taxes by showing the earnings responses by earnings deciles. We find that they do 

not, suggesting that collective wage agreements are not the explanation for payroll taxes 

being borne by firms, at least for non-minimum wage-earning workers. 

Interestingly, we find that belonging to a labor union has limited employment effects, as 

shown in Figure 9 and Table 7. In other words, the employment responses seem to be very 

similar whether or not employees belong to a labor union or not. This could be due to two 

reasons: (1) labor unions tend to represent everyone in a particular industry, irrespective 

of membership, or (2) the employment effects are not driven by employees being fired but 

instead by fewer employees being hired. We believe both could be at play in our setting, and 

as collective bargaining is widely applied in wage-setting across sectors in Finland, the first 

reason is likely to be very relevant. 

At the micro level, we estimate that labor and capital are complements. When 

assuming a constant elasticity of substitution (CES) production function, our results imply a 

micro capital-labor elasticity of substitution that is equal to zero. We derive these predictions 

in Appendix Section C, but the intuition for this result is straightforward. If the elasticity of 

substitution between capital and labor is positive, then when labor decreases (after payroll 

taxes increase), capital should increase, as firms substitute away from labor towards capital. 

Instead, we estimate that, as labor decreases, so does capital, which implies that the two 

are complements in the CES framework and that the micro-level capital-labor elasticity of 

substitution must be zero, i.e. that the production function is Leontief. 

There are very few estimates of the firm-level capital-labor elasticity of substitution. Two 

notable exceptions are Raval [2014] and Oberfield and Raval [2014], who estimate the capital-

19 



labor elasticity of substitution using micro data by relying on cross-sectional variation in local 

wages. Oberfield and Raval [2014] also offer a framework to aggregate micro elasticities into 

macro elasticities. Both papers estimate a capital-labor elasticity of substitution below one, 

but the estimates are well above zero. 

Our paper provides one such micro estimate. While Houthakker [1955] shows that even 

micro-level Leontief production functions can be aggregated to CES with a capital-labor 

elasticity of substitution greater than 1, we use the aggregation framework from Oberfield 

and Raval [2014] to show that the implied macro-level capital-labor elasticity of substitution 

is far smaller than 1. The details of deriving macro elasticities from micro elasticities are 

presented in Appendix Section C. In principle, this could cast doubt on the argument put 

forth in Piketty [2014] that a fall in labor shares is likely driven by a capital-labor elasticity 

of substitution greater than 1. 

However, empirically, the positive correlation between capital and labor could also be 

consistent with liquidity effects being larger than substitution effects, which we explore 

below. 

Liquidity Effects. Are liquidity constraints binding? In spite of this question being seem-

ingly simple, there is no clear empirical answer to it. Modigliani and Miller [1958] predict 

that, with no differential costs of internal and external financing, firms should not face sub-

stantial liquidity constraints. On the other hand, if external financing is more costly than 

internal financing – possibly because of asymmetric information or incomplete contracting – 

cash injections should have a positive effect on capital expenditures. Rauh [2006], for exam-

ple, uses a regression kink design at the pension funding threshold below which firms have 

to spend extra cash to ensure that their pensions are funded. He finds that the additional 

cash generated by the pension funding threshold affects capital expenditures but acknowl-

edges the possibility that external financing costs might be discontinuously different above 

and below the pension funding cutoff, thus biasing the magnitude of the response upwards. 
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Another example is Blanchard et al. [1994], who analyze the response of a sample of 11 firms 

to winning monetary payments from lawsuits and find no effect on capital expenditures, 

consistent with the prediction of Modigliani and Miller [1958].16 

Using our empirical design, we can investigate whether payroll taxes impose substantial 

liquidity constraints on firms by implementing an empirical test. As argued above, the pos-

itive correlation between labor and capital could be consistent with (1) labor and capital 

being complements, or (2) labor and capital being substitutes and liquidity effects outweigh-

ing substitution effects. A simple test can allow us to disentangle these two explanations: if 

labor and capital are complements, then we should observe a constant labor-to-capital ratio 

above and below the payroll tax discontinuity, as shown in Appendix Section C. Figure 10 

shows a decrease in the labor-to-capital ratio as payroll taxes increase, implying that there 

could be substitution away from labor to capital that is masked overall by liquidity effects. 

This calls for the literature to incorporate liquidity effects in models of firms and investigate 

them empirically. 

6 Conclusion 

In this paper, we use quasi-experimental variation in payroll taxes to investigate how firms 

use their input factors. We uncover several new facts about firm behavior: as the cost of labor 

increases, (1) firms substitute away from low-skilled, routine and manual workers towards 

more productive workers, (2) firms decrease investments, and (3) sales slightly decrease while 

productivity increases. 

Our results have important implications for our understanding of firm-level production 

and input factor choices. First, our findings are inconsistent with large micro-level substitu-

tion between capital and labor, or at the very least that substitution is larger than liquidity 

16Saez et al. [2019] acknowledge that the firm-level effect of payroll taxes that they estimate is the combined 
effect on business activity of both cash windfalls and factor price changes. Because of their empirical design, 
they cannot disentangle these two effects. 
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effects. Second, our results highlight the importance of accounting for heterogeneity in skill 

level and job tasks when estimating the incidence of payroll taxes. Third, from a policy 

perspective, our estimates imply that payroll taxes impose a negative fiscal externality on 

several other fiscal bases as they reduce capital but also sales and profits. This effect should 

be taken into account when governments design payroll tax changes. 
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Pierre Cahuc, Stéphane Carcillo, and Thomas Le Barbanchon. The effectiveness of hiring 

credits. The Review of Economic Studies, 86(2):593–626, 2019. 

Sebastian Calonico, Matias D Cattaneo, and Rocio Titiunik. Robust nonparametric confi-

dence intervals for regression-discontinuity designs. Econometrica, 82(6):2295–2326, 2014. 

David Card and Laura Giuliano. Does gifted education work? For which students? Working 

paper, National Bureau of Economic Research, 2014. 

David Card and Thomas Lemieux. Can falling supply explain the rising return to college 

for younger men? A cohort-based analysis. The Quarterly Journal of Economics, 116(2): 

705–746, 2001. 

Pedro Carneiro and Sokbae Lee. Trends in quality-adjusted skill premia in the United States, 

1960-2000. American Economic Review, 101(6):2309–49, 2011. 

Raj Chetty, John N. Friedman, Tore Olsen, and Luigi Pistaferri. Adjustment costs, firm 

responses, and micro vs. macro labor supply elasticities: Evidence from Danish tax records. 

The Quarterly Journal of Economics, 126(2):749 – 804, 2011. 

Michael A Clemens, Ethan G Lewis, and Hannah M Postel. Immigration restrictions as active 

23 



labor market policy: Evidence from the mexican bracero exclusion. American Economic 

Review, 108(6):1468–87, 2018. 

Julia Fonseca and Bernardus Van Doornik. Financial development, labor markets, and 

aggregate productivity: Evidence from brazil. Technical report, Working paper, 2019. 

Claudia Goldin and Lawrence F Katz. The origins of technology-skill complementarity. The 

Quarterly Journal of Economics, 113(3):693–732, 1998. 

Claudia Goldin and Lawrence F Katz. The race between education and technology: The 

evolution of US educational wage differentials, 1890 to 2005. Working paper, National 

Bureau of Economic Research, 2007. 

Maarten Goos, Alan Manning, and Anna Salomons. Job polarization in Europe. American 

Economic Review, 99(2):58–63, 2009. 

Maarten Goos, Alan Manning, and Anna Salomons. Explaining job polarization: Routine-

biased technological change and offshoring. American Economic Review, 104(8):2509–26, 

2014. 

Brad Hershbein and Lisa B Kahn. Do recessions accelerate routine-biased technological 

change? Evidence from vacancy postings. American Economic Review, 108(7):1737–72, 

2018. 

Hendrik S Houthakker. The Pareto distribution and the Cobb-Douglas production function 

in activity analysis. The Review of Economic Studies, 23(1):27–31, 1955. 

Lawrence F Katz and Kevin M Murphy. Changes in relative wages, 1963–1987: supply and 

demand factors. The Quarterly Journal of Economics, 107(1):35–78, 1992. 

Henrik J. Kleven and Mazhar Waseem. Using notches to uncover optimization frictions 

and structural elasticities: Theory and evidence from Pakistan. The Quarterly Jour-

nal of Economics, 128(2):669–723, 2013. doi: 10.1093/qje/qjt004. URL http://qje. 

oxfordjournals.org/content/128/2/669.abstract. 
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Jeanne Lafortune, Ethan Lewis, and José Tessada. People and machines: A look at the evolv-

ing relationship between capital and skill in manufacturing, 1860–1930, using immigration 

shocks. Review of Economics and Statistics, 101(1):30–43, 2019. 

Ethan Lewis. Immigration, skill mix, and capital skill complementarity. The Quarterly 

Journal of Economics, 126(2):1029–1069, 2011. 

Andreas Lichter, Andreas Peichl, and Sebastian Siegloch. The own-wage elasticity of labor 

demand: A meta-regression analysis. European Economic Review, 80:94–119, 2015. 

Franco Modigliani and Merton H Miller. The cost of capital, corporation finance and the 

theory of investment. The American Economic Review, 1:3, 1958. 

Ezra Oberfield and Devesh Raval. Micro data and macro technology. Working Paper, 2014. 

Thomas Piketty. Capital in the 21st Century. Harvard University Press Cambridge, MA, 

2014. 

Joshua D Rauh. Investment and financing constraints: Evidence from the funding of corpo-

rate pension plans. The Journal of Finance, 61(1):33–71, 2006. 

Devesh Raval. The micro elasticity of substitution and non-neutral technology. Working 

paper, Federal Trade Commission Working Paper, 2014. 

Emmanuel Saez, Manos Matsaganis, and Panos Tsakloglou. Earnings determination and 

taxes: evidence from a cohort-based payroll tax reform in Greece. The Quarterly Journal 

of Economics, 127(1):493–533, 2012. 

Emmanuel Saez, Benjamin Schoefer, and David Seim. Payroll taxes, firm behavior, and rent 

sharing: Evidence from a young workers’ tax cut in sweden. American Economic Review, 

109(5):1717–63, 2019. 

25 



Figure 1: Payroll and Income Tax Shares of Total Tax Revenue 

(a) OECD Countries 

(b) Finland 

Notes: These figures plot the share of total tax revenue raised 
by payroll and income taxes over time in the OECD countries 
(Figure 1a) and in Finland (Figure 1b). 

26 



Figure 2: Payroll Tax Rate 

(a) Treatment Years (1996-2009) 

(b) Placebo Years (2010-2015) 

Notes: The upper panel plots the average payroll tax rates above 
and below the capital depreciation threshold for health and pen-
sion contributions. The bottom panel shows a placebo test for 
years 2010 to 2015 for the same variable. 
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Figure 3: Distribution Around Cutoff 

(a) Treatment Years (1996-2009) 

(b) Placebo Years (2010-2015) 

Notes: These figures plot the distributions of capital depreci-
ations during treatment years (1996-2009) and placebo years 
(2010-2015) around the threshold. We follow the methods from 
Kleven and Waseem [2013] to estimate the excess mass at the 
threshold and determine the manipulated area, corresponding to 
the area of the excess and missing masses. This approach is ex-
plained in more detail in Appendix Section B. 
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Figure 4: Earnings and Labor Costs 

(a) Earnings (b) Labor Costs 

(c) Number of Employees 

Notes: The first panel shows the response of earnings per employee (in logs) at the payroll 
tax discontinuity. The second panel shows the response of labor costs net of payroll taxes 
paid by firms to the payroll tax discontinuity. The third panel shows the employment 
response. The years included are 1996 to 2009. 
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Figure 5: Employment Effects by Skill Level 

Notes: These figures plot the (log) number of employees with lower than secondary educa-

tion (first panel), with no high school diploma (second panel), with higher than secondary 

education (third panel) and with a high school diploma for firms near the capital depreci-

ation threshold. 



Figure 6: Employment Effects by Job Task 
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Notes: These figures plot the (log) number of employees by task measures. 



Figure 7: Effects on Investments 

32 

Notes: These figures plot the (log) total annual investments of firms (first panel), and total investments divided by fixed 
assets (second panel), buildings (third panel) and R&D (fourth panel) near the capital depreciation threshold. 



Figure 8: Production and Productivity 
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Notes: These figures plot the (log) sales (first panel), labor productivity (lower-left panel) and capital productivity 
(lower-right panel) of firms around the capital depreciation threshold. 



Figure 9: Employment by Unionization Status 
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Notes: These figures plot the (log) number of non-union employees, employees paying unemployment insurance payments 

but not belonging to a union (fake union) and employees belonging to a labor union around the capital depreciation 

threshold. 
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Figure 10: Liquidity Test 

Notes: This figure plots the ratio of labor costs over total assets around the capital depre-
ciation threshold. 



Table 2: Effects on Earnings and Number of Employees 

Outcomes (logs) 

RD Estimate 

Earnings 

-0.005 

(0.009) 

Labor Costs 

Treatment 

-0.177*** 

(0.042) 

No. Employees 

-0.091*** 

(0.029) 

Bandwidth 

N above 

N below 

Control mean 

RD Estimate 

10,421 

12,369 

27,401 

9.824 

-0.010 

(0.024) 

16,895 

21,778 

58,259 

11.55 

Placebo 

0.077 

(0.063) 

17,976 

22,757 

61,859 

2.151 

0.035 

(0.038) 

Bandwidth 

N above 

N below 

Control mean 

11,260 

7,269 

15,402 

10.08 

14,145 

9,786 

21,100 

11.56 

18,098 

12,701 

29,647 

1.863 

Notes: This table reports the results of estimating equation (1) on log earnings (first column), log labor costs (second column) 

and log number of employees (third column). The upper panel shows the results for the pre-2010 period (treatment) and the 

bottom panel shows the results for the post-2010 period (placebo). The table reports bias-corrected estimates with robust 

standard errors, the size of the optimal bandwidth, the number of observations above (N above) and below (N below) and 

the control means. 
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Table 3: Effects by Skills 

Log No. High No High Secondary Lower than 

Employees School School or Higher Secondary 

Treatment 

RD Estimate 0.046 -0.224*** 0.055 -0.170*** 

(0.056) (0.065) (0.049) (0.061) 

Bandwidth 11,527 8,107 12,163 8,595 

N above 8,469 7,593 8,703 8,025 

N below 18,292 18,361 18,597 18,757 

Control mean 1.050 1.872 0.890 1.536 

Placebo 

RD Estimate -0.083 0.008 -0.076 -0.037 

(0.150) (0.053) (0.113) (0.061) 

Bandwidth 6,830 11,584 7,555 10,490 

N above 2,319 7,776 2,598 6,630 

N below 4,555 15,326 4,766 12,652 

Control mean 0.952 1.541 0.779 1.346 

Notes: This table reports the results of estimating equation (1) on the log number of employees with a high school diploma 

(first column), with no high school degree (second column) with a college degree or higher (third column) and without a 

college degree (forth column). The upper panel shows the results for the pre-2010 period (treatment) and the bottom panel 

shows the results for the post-2010 period (placebo). The table reports bias-corrected estimates with robust standard errors, 

the size of the optimal bandwidth, the number of observations above (N above) and below (N below) and the control means. 
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Table 4: Effects by Job Tasks 

Log No. Upper-level Lower-level Manual 

Employees workers workers workers 

Treatment 

RD Estimate 0.056* -0.077* -0.211*** 

(0.029) (0.042) (0.049) 

Bandwidth 14,640 11,379 10,222 

N above 19,586 14,375 12,426 

N below 47,838 33,789 29,219 

Control mean 0.454 0.666 0.994 

Placebo 

RD Estimate 0.030 0.021 -0.006 

(0.043) (0.051) (0.051) 

Bandwidth 10,411 11,718 12,536 

N above 7,724 8,966 9,707 

N below 15,250 18,003 19,788 

Control mean 0.274 0.504 0.807 

Notes: This table reports the results of estimating equation (1) on the log of number of upper-level employees (first column), 

lower-level employees (second column) and manual workers (third column). The upper panel shows the results for the pre-

2010 period (treatment) and the bottom panel shows the results for the post-2010 period (placebo). The table reports 

bias-corrected estimates with robust standard errors, the size of the optimal bandwidth, the number of observations above 

(N above) and below (N below) and the control means. 
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Table 5: Effect on Investments 

Outcomes (logs) 

RD Estimate 

Investment 

-0.143*** 

(0.044) 

Fixed assets 

Treatment 

-0.184*** 

(0.048) 

Buildings 

0.120 

(0.121) 

R&D 

0.244** 

(0.102) 

Bandwidth 

N above 

N below 

Control mean 

RD Estimate 

19,798 

24,254 

68,659 

10.98 

0.052 

(0.066) 

18,252 

21,586 

58,794 

10.76 

Placebo 

0.016 

(0.068) 

13,078 

7,345 

17,121 

9.871 

0.127 

(0.150) 

15,654 

9,900 

22,331 

8.957 

0.158 

(0.165) 

Bandwidth 

N above 

N below 

Control mean 

16,472 

11,093 

25,002 

10.77 

16,478 

10,493 

23,623 

10.55 

14,387 

4,913 

9,947 

9.653 

12,874 

4,042 

7,737 

9.619 

Notes: This table reports the results of estimating equation (1) on log total investments (first column), log investment in 

fixed assets (second column), log investment in buildings (third column) and log investment in research and development 

(fourth column). The upper panel shows the results for the pre-2010 period (treatment) and the bottom panel shows the 

results for the post-2010 period (placebo). The table reports bias-corrected estimates with robust standard errors, the size 

of the optimal bandwidth, the number of observations above (N above) and below (N below) and the control means. 
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Table 6: Effect on Firm Production Measures 

Outcomes (logs) 

RD Estimate 

Sales 

-0.068** 

(0.028) 

Inputs 

Treatment 

-0.295** 

(0.131) 

Markup 

0.015 

(0.054) 

Labor prod. 

0.128*** 

(0.028) 

Capital prod. 

0.113*** 

(0.033) 

Bandwidth 

N above 

N below 

Control mean 

RD Estimate 

23,505 

30,785 

100,807 

13.35 

-0.034 

(0.050) 

26,838 

35,186 

118,055 

11.81 

Placebo 

0.142 

(0.165) 

23,337 

22,570 

72,844 

0.859 

-0.008 

(0.065) 

19,224 

24,039 

67,087 

1.387 

-0.062 

(0.038) 

23,112 

27,615 

86,439 

1.972 

-0.059 

(0.089) 

Bandwidth 

N above 

N below 

Control mean 

15,769 

12,069 

27,913 

13.21 

14,298 

10,954 

24,565 

11.20 

18,277 

13,135 

32,161 

0.746 

14,583 

10,046 

21,772 

1.234 

16,521 

9,813 

21,345 

1.963 

Notes: This table reports the results of estimating equation (1) on log sales (first column), log intermediate inputs (second 

column), log markup (third column), labor productivity (fourth column) and capital productivity (fifth column). The upper 

panel shows the results for the pre-2010 period (treatment) and the bottom panel shows the results for the post-2010 period 

(placebo). The table reports bias-corrected estimates with robust standard errors, the size of the optimal bandwidth, the 

number of observations above (N above) and below (N below) and the control means. 
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Table 7: Role of Unions 

Outcomes Share of union No. not union No. fake union No. union 

employees employees employees employees 

Treatment 

RD Estimate -0.015 -0.061* -0.153*** -0.148*** 

(0.015) (0.036) (0.054) (0.050) 

Bandwidth 9,269 14,147 9,175 9,162 

N above 8,825 18,821 10,635 10,613 

N below 20,048 45,534 25,235 25,185 

Control mean 0.579 1.152 0.907 0.659 

Placebo 

RD Estimate 0.003 0.048 0.082 0.010 

(0.016) (0.049) (0.051) (0.040) 

Bandwidth 11,087 12,338 11,390 12,364 

N above 6,677 9,532 8,652 9,554 

N below 12,354 19,337 17,309 19,387 

Control mean 0.554 0.985 0.710 0.393 

Note: This table reports the results of estimating equation (1) on the log share of union employes (first column), the log 

number of employees not affiliated with a union (second column), the log number of employees affiliated with a union that 

provides insurance benefits but no representation (fake union) (third column) and log number of employees affiliated with 

a union that provides insurance benefits and representation (fourth column). See Table 12 in Appendix F for the exact 

definitions of the fake union and real union measures. The upper panel shows the results for the pre-2010 period (treatment) 

and the bottom panel shows the results for the post-2010 period (placebo). The table reports bias-corrected estimates with 

robust standard errors, the size of the optimal bandwidth, the number of observations above (N above) and below (N below) 

and the control means. 
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