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Abstract 

Unemployment insurance (UI) taxes impose penalties on firms that layoff 

workers. In theory these penalties reduce layoffs and also reduce employment, but 

the empirical evidence is limited. I examine the effect of UI tax penalties in 

discouraging layoffs as well as their effect on labor demand by exploiting 

institutional features of unemployment insurance taxes in Missouri and Florida. 

Leveraging a kink in the size of tax penalties and a discontinuity in the tax rate, I 

provide compelling empirical identification. Using newly available micro data, I 

find that firms facing large tax penalties are no less likely to reduce employment 

in response to negative employment shocks. When the state applies the tax 

penalties, however, firms reduce hiring and exit at a higher rate, consistent with a 

model of cash-constrained firms. The tax penalty mechanically increases the tax 

on employment just after recessions when the labor market is recovering. Rising 

tax penalties over the past twenty-five years may contribute to jobless recovery. 
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I. INTRODUCTION 

During the Great Recession and its aftermath from 2008 to 2012, US unemployment 

insurance programs paid $520 billion in benefits to some 53 million claimants (Unemployment 

Insurance Data Summary). These benefits provide significant insurance and simulative benefits, 

and many economists argue they impose only modest distortionary costs (Gruber, 1997; Card, 

Chetty, and Weber, 2007; Farber, Rothstein, and Valletta, 2015; Di Maggio and Kermani, 2015).  

To finance UI benefits, employers pay a dynamic payroll tax: each year, states calculate a 

tax rate for each firm so as to reflect the cost of UI benefits incurred by firm layoffs. States vary 

significantly in UI tax policy, reflecting uncertainty about the consequences of UI taxation. The 

size of the UI tax penalty represents an important tradeoff for policymakers: larger tax penalties 

likely discourage layoffs (a “deterrent” effect), but the resulting tax increases likely discourage 

employment (an “overhang” effect from the previous negative shock) (Hopenhayn and 

Rogerson, 1993; Anderson, 1993).  

Although an enormous literature has considered the influence of UI benefits on labor 

supply (Barro, 2010; Landais, Michaillat, and Saez, 2010, Krueger and Mueller, 2010; 

Schmieder and von Wachter, 2012; Kroft et al., 2012; Farber, Rothstein, and Valletta, 2015, 

Card et al., 2015, Johnston and Mas, 2015), few authors have assessed the consequences of UI 

financing on labor demand. I contribute to the UI literature measuring these countervailing forces 

by bringing to bear detailed micro data and quasi-experimental variation. Previous research 

focused on the effect of experience rating on temporary layoffs (Feldstein, 1976; Topel, 1983; 

Anderson, 1993; Card and Levine, 1995). 

To estimate the “overhang” effect of higher UI taxes, I exploit a discontinuity in the UI 

tax schedule in Missouri that permits me to isolate exogenous variation in the tax rate. I show 

that increases in UI tax rates lead to significant increases in firm exit and declines in hiring and 
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employment, with no effect on the rate of separation or average wages. Firms respond to their 

new tax as soon as they are informed the November before it is implemented in January of the 

next year. I present additional evidence of the UI tax effect on employment by leveraging a 

change in the UI tax formula in Florida. Again, I find that tax hikes significantly increase firm 

exit and reduce firm employment. On average, a 1-percentage-point rise in the UI tax rate 

increased firm exit by about 1 percentage point and reduced firm-level employment by 1 percent, 

consistent with an own-wage elasticity of 3.5. The average labor-demand elasticity estimate is 

0.45 (Lichter, Peichl, and Siegloch, 2014; Hamermesh, 1996). I explore a number of 

explanations for the large effect sizes and demonstrate that these effects are consistent with a 

model of cash-constrained firms.  

To study the “deterrent” effect of tax penalties on layoffs, I compare how firms adjust to 

industry employment shocks when they face different UI tax penalties arising from the firm’s 

placement on the tax schedule. Firms at or near the maximum rate face virtually no penalty for 

layoffs because their tax rate cannot increase, but firms with tax rates below the maximum face a 

tax penalty roughly proportional to their distance from the maximum tax rate. To account for 

possible firm differences, I supplement this approach by deploying a regression kink design 

which exploits the kink in the tax penalty a firm faces as it approaches the maximum tax rate. 

Using parametric and non-parametric tests, I find no evidence that tax penalties discourage firms 

from shrinking in response to negative industry employment shocks. This response is consistent 

with a model of cash-constrained firms since the layoff allows the firm to survive the period and 

future tax increases are not deterrent.  

I test whether these results hold in national data. An important prediction of the results is 

that, contrary to the intention of UI taxation, tax penalties for layoffs could increase labor-market 
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volatility over the business cycle because penalties do not discourage layoffs but do increase 

labor costs during recoveries (Anderson, 1993). I test this hypothesis in a state-level analysis, 

where I find that experience rating is negatively related to employment and positively related to 

employment volatility, conditional on state and year fixed effects, and time trends. I show 

graphically that states with more experience rating recover more haltingly after recessions. 

Taken together, these results suggest that UI tax penalties do not discourage firms from reducing 

employment in response to negative employment shocks, but resulting tax increases do 

significantly decrease employment.  

The results are important for a broader literature. First, I show UI taxes, like benefits, 

track the business cycle, diminishing the overall stabilizing influence of the UI program.
1
 

Second, the results speak to the optimal UI literature which seeks to balance the costs and 

benefits of UI provision; while the work-horse model assumes workers pay UI taxes out of their 

wages in the high state of the world, I show tax hikes do not affect worker wages but reduce the 

probability that the worker is employed. Third, UI tax penalties for layoffs—which 

disproportionately fall on recovering firms—have increased by 65 percent over the past 25 years, 

plausibly slowing labor-market recovery in the subsequent years, contributing to the recent rise 

of jobless recovery in the United States (Berger, 2012).
2
 

 The remainder of the article proceeds as follows. Section II describes the US 

unemployment insurance program and, in particular, the institutional features I leverage for 

empirical identification. Section III describes the data sources used in my analysis. Section IV 

                                                           
1 Because the UI tax penalty follows layoffs, UI taxes are highest during labor-market recoveries and lowest when 

labor markets are tight. When the Great Recession began in 2007, the average US firm paid $280 per worker in UI 

taxes (in 2014 dollars). By 2012, the average firm paid $470, a 70 percent increase. This is likely an understatement 

of the tax increase since businesses with larger tax increases were more likely exit, thus disappearing from the data. 
2
 A jobless recovery is one in which labor productivity rebounds but employment does not. The three most recent 

recessions have been followed by so-called jobless recoveries (Figure 2).  
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presents a conceptual framework of UI taxation. Section V describes the research design. Section 

VI presents the effects of UI taxation on labor demand and section VII discusses the results.  

II. UNEMPLOYMENT INSURANCE IN THE U.S. 

In the United States, workers who are laid off qualify for unemployment insurance 

benefits. The weekly benefit amount is typically a function of the worker’s prior year’s earnings 

and the worker’s highest quarterly earnings in that year. State UI programs paid $80 billion in 

benefits in 2009 when unemployment peaked. By 2013, annual benefits paid had fallen to $39 

billion, closer to the $30 billion pre-recession expenditure in 2006. From 2008 to 2012, state and 

federal UI programs paid out over $520 billion in UI benefits. 

Benefits paid by state UI programs are financed by an employer payroll tax where the tax 

rate is calculated for each firm every year. Although the federal government sets requirements on 

the structure of state programs, states vary in how they determine the tax rate for employers. 

Forty-seven states subscribe to one of two systems for determining firm tax rates: a benefit-ratio 

model, or a reserve-ratio model.  

The benefit-ratio model ties a firm’s tax rate to the ratio of the benefits drawn by the 

firm’s employees over the past 𝑛 years divided by the firm’s taxable payroll during those same 

years. If 𝐵𝑡 represent the cost of benefits drawn by former employees in year 𝑡, a firm’s benefit 

ratio is the benefit cost (over the past 𝑛 years) divided by the taxable wages over those same 

years: 

𝐵𝑅𝑡 =
∑ 𝐵𝑡−𝑗

𝑛
𝑗=1

∑ 𝑊𝑡−𝑗
𝑛
𝑗=1

 

where 𝑊𝑡 is the firm’s taxable wage base in year 𝑡. The UI tax rate is a function of the benefit-

ratio, subject to a maximum and minimum. Specifically, between the maximum and minimum 
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rates 𝜏𝑚𝑎𝑥 and 𝜏𝑚𝑖𝑛, the firm is assigned a tax rate 𝜏𝑡 = ψ + λ × BRt, where the parameters 𝜓 

and 𝜆 are chosen by the state.  

The principal alternative to a benefit-ratio (BR) model is a reserve-ratio (RR) model, 

which is broadly similar. In reserve-ratio states, the state Department of Labor keeps an account 

for each firm; the firm’s UI tax payments are credits to the account, and benefits drawn by 

former employees are debited the firm’s account. States calculate a reserve ratio, 𝑅𝑅𝑡, for each 

firm expressing the account’s reserves divided by the 𝑛-year rolling average of the firm’s taxable 

wages: 

𝑅𝑅𝑡 =
𝑅𝐸𝑆𝑡

1
𝑛

∑ 𝑊𝑡−𝑖
𝑛−𝑖
𝑖=0

 

A firm’s tax rate declines as its reserve ratio increases, subject to a minimum and maximum rate 

like the benefit-ratio system. Unlike benefit-ratio formulas which calculate a tax rate from a 

simple formula, reserve-ratio states use a schedule or step-function of the reserve ratio to 

determine each firm’s tax rate.  

Unlike other tax instruments used in the U.S., taxes for unemployment insurance may 

exaggerate the business cycle. Because of UI tax penalties, taxes rise in response to economic 

downturns. Figure 1 plots the real (2014$) average per-employee UI tax bill over time. The 

continuous line represents the BLS measure of US unemployment (U3). In general, the tax bill 

closely follows the unemployment rate which rises sharply during recessions, represented by 

shaded periods. One simple way of measuring whether a tax is stabilizing or pro-cyclic is to test 

the correlation between average tax rates and concurrent unemployment.
3
 Here, unemployment 

has a strong positive correlation with the tax. When the labor market is robust, taxes fall, 

                                                           
3
 Under a progressive income tax, for instance, the average income tax rate automatically declines during a 

downturn and increases when wages are high.  
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increasing labor demand. After the recessions in 1990 and 2001, the average per-worker tax bill 

increased to approximately $340. In the recent recession, the per-worker tax bill has increased by 

70 percent to $470 per worker in inflation-adjusted dollars. 

Experience Rating over Time 

A series of policy changes over the recent decades has increased the tax penalty 

associated with layoffs, making UI taxes more cyclical due to larger tax swings when 

unemployment is high. Prior authors use the term experience rating to refer to the fraction of UI 

costs borne by the claimant’s employer. A firm also pay’s a larger penalty for layoffs when 

benefits are more generous or the unemployed claim benefits for longer periods. This presents 

two general factors that increase the average tax penalty firms face for laying off workers. First, 

the penalty is limited by the extent to which a firm’s tax bill can rise. Firms with layoffs will pay 

for less of their benefit charges if the maximum per employee tax fee is low since it limits the 

ability of the state to raise revenue from a firm. Second, the generosity of benefits and how long 

recipients receive unemployment insurance affect the tax bill. When a state provides a more 

generous weekly benefit to the unemployed, for instance, the firm faces a proportionally larger 

tax increase for an otherwise identical layoff. All four of these elements (wage base, maximum 

rate, average benefit duration, and weekly benefit amount) have changed since 1985 in ways that 

increase the penalties firms acquire for layoffs. 

The Tax Equity and Fiscal Responsibility Act (TEFRA) of 1982 increased the minimum 

wage base in 1983 and required states to raise their maximum tax rates to 5.4 percent or higher 

by 1985. Hamermesh (1993) calculates that TEFRA boosted experience rating by 15 percentage 

points or 30 percent. The 1991 Emergency Unemployment Compensation Act increased firms’ 

tax liability during recessions by increasing the duration of extended benefits from 13 to 20 
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weeks, partly financed by state UI programs. In addition, over the past 30 years, the unemployed 

have drawn more benefits through longer unemployment spells and increased benefit generosity.  

Figure 3 shows that in the mid-1980s the average maximum rate rose from 4.2 percent to 

6.9 percent. This dramatically reduced the share of firms at the maximum rate, increased 

experience rating, and raised the potential tax cost of laying off workers. States cannot fully 

finance benefits for firms already at the maximum rate, so in practice states often raise the 

minimum rate to balance their UI trust funds, exploiting the broad tax base below the maximum 

rate. The dramatic reduction in the average minimum rate supports the interpretation that the 

increase in maximum rates increased experience rating by reducing the fraction of firms at the 

maximum. From 1990 to 2015, the real weekly benefit amount increased by 19 percent and the 

average duration of UI receipt increased by 36 percent (Figures 5 and 6),
4
 resulting in the 

average layoff costing 65 percent more since 1990 (Figure 8). Because these costs are charged 

back to the firm, $300 billion in state benefits also represent $300 billion in labor tax increases 

principally to firms in distress. 

Analysts in the 1970s and 1980s estimated that firms pay about 50 percent of the benefit 

costs they originate due to a low maximum tax rate. This meant a significant fraction of firms 

effectively could not be charged for marginal benefits (Topel, 1983). Using administrative 

records I estimate that firms tend to pay a larger share of benefits charged than they did three 

decades ago. I estimate that an average firm in Florida pays 87 percent of benefits originated by 

the firm, and as high as 98 percent for firms who are not new and thus can be charged a variable 

rate. In Missouri, firms pay an estimated 86 percent of benefits originated by the firm. 

                                                           
4 Reliable estimates of experience rating over time are not readily available as they require a precise knowledge of 

the slope of the “rated” portion of the tax schedule and the percent of firms who are at or near the maximum tax rate 

in each state in each year. Instead I show that key indicators suggest a marked increase in experience rating.  
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Cross-State Comparison of Experience Rating 

 In what follows, I use an industry case study to demonstrate some of the features of 

experience rating by comparing how a hard-hit industry was affected in Missouri and Florida. 

Florida has relatively low experience rating. Its taxable wage base over this period was $7,000 

and the maximum tax rate was 5.4 percent, thus the highest possible UI yearly tax fee per worker 

was $378. By contrast, the taxable wage base in Missouri was $13,000 and the maximum tax rate 

7.8 percent; therefore the highest UI yearly tax fee is $1,014—nearly three times greater in 

Florida.  

 In Figure 9, I plot the average per-employee tax bill of building contractors hard hit 

during the recessions in 2001 and 2007. The red line represents the per-employee tax bill of the 

average Missouri firm in this industry and the blue line represents that of the average Florida 

firm in this industry. Firms in Missouri faced a significantly larger increase in their tax bill, in 

part, because the maximum rate and the wage base there were significantly higher.  

III. CONCEPTUAL FRAMEWORK 

 The framework is designed to study the consequence of unemployment insurance taxes 

during an initial negative shock and during the recovery. The partial-equilibrium framework is 

described by a three-period model. Period 0 represents the firm’s behavior in a period of 

normalcy in which product demand is perceived as stable. In period 1 the firm receives a 

negative demand shock, represented by a reduced price per output, where the timing and depth of 

the shock is unknown prior to the shock’s arrival. In the final period, price remains low and the 

UI tax bill from layoffs arrives. This classic profit-maximizing model does not rationalize the 

behavior of firms I observe in the data, so I point to sensible additions to the model that better 

describe the firm’s response each period. 
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 Each firm takes its production function as given and uses labor as its only variable input; 

a firm employing 𝑁𝑡 workers in period 𝑡 who receives an average price 𝑝𝑡 earns profits 

represented by: 

Π𝑡 = 𝑝𝑡𝑓(𝑁𝑡) − 𝑁𝑡 − 𝑐 − 𝜏𝐿𝑡−1 
𝑁𝑡

𝑁𝑡−1
 

A few items require some explanation. First, the wage rate has been normalized to one so the 

price of goods is relative to the wage rate. Second, capital is fixed in the short-run and thus 

output becomes a function of the variable input, labor. Furthermore, c represents fixed operating 

costs including those for the fixed level of capital and 𝜏 represents the cost of a layoff from the 

last period divided by the employment level from the previous period, so the firm pays a tax per 

employee this period. It is assumed that function 𝑓(𝑁𝑡) has a positive first derivative and 

negative second derivative so that production increases with employment, but at a declining rate.     

 Firm employment shrinks by steady attrition at a rate 1 − 𝛿; the firm can increase its 

employment by hiring at a rate higher than 𝑁𝑡(1 − 𝛿), or the firm can decrease employment 

gradually by not hiring. Firms can reduce their employment level more quickly by engaging in 

layoffs which increase future taxes: 

N𝑡 = 𝑁𝑡−1𝛿 − 𝐿𝑡 + 𝐻𝑡 

The firm begins at some initial employment 𝑁0 in the pre period, which can be regarded as the 

optimal employment for current price 𝑝. 

 In period 1, the firm receives a negative shock, represented by an unexpected decline in 

price from period 0. Firms with a sufficiently low new price will engage in layoffs, shedding 

workers to increase the marginal productivity of labor. At the same time, firms are discouraged 

from laying off workers because they may be required to pay the future cost of a UI benefit spell 



11 

 

 

for the former employee. Thus a firm’s decision in period one depends also on the expected 

profits of period two: 

Π1 = 𝑝′𝑓(𝑁1) − 𝑁1 − 𝑐 

        Π2 = 𝑝′𝑓(𝑁2) − 𝑁2 − 𝑐 −
𝜏𝐿1

𝑁1
𝑁2 

Firms have no incentive to alter their employment levels in period zero since period zero is 

assumed to be a long-run best response to perceived stable prices. Accordingly, firms do not 

engage in layoffs and hire at a rate 𝑁0(1 − 𝛿) in period zero to maintain their employment level.  

 The firm maximizes profits by increasing layoffs 𝐿1 if 𝑝′ is sufficiently low. Likewise, 

hires 𝐻1 reduces to zero if 𝑝′ is sufficiently low. This will occur even for smaller negative shocks 

than those inducing layoffs because of the tax penalties associated with layoffs. If the tax penalty 

were simply a bill for benefits discharged the previous year, then 𝐻2 and 𝐿2 would not be 

influenced by the tax since the optimal level of employment is not affected by the level decrease 

in profits.
5
 In practice, the firm can reduce its tax by further reducing employment and so the tax 

penalty also reduces hiring in period two.  

Thus the basic model predicts firms reduce their layoffs in response to expected tax 

penalties and the arrival of tax penalties do not affect hiring in the recovery period.  

 These predictions alter significantly when cash-constraints are introduces to the model; 

this features is likely to be a significant feature of firms suffering negative shocks and 

performing layoffs. A cash-constraint is a requirement that a firm ceases to exist if it suffers 

negative profits in a period. In a model without cash-constraints, a firm continues to employ 

workers so long as positive employment maximizes profits, even if those profits are negative. If 

                                                           
5
 A firm can avoid some of the tax penalty by shrinking their employment. To simplify the exposition, I force the 

firm to confront the cost in period 2 rather than complicating the issue with additional periods and notation. This 

model demonstrates the influence of cash constraints on firm layoff and hiring decisions.  
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firms are cash-constrained, as they likely would be during and after negative shocks large 

enough to induce layoffs, then the consequences of UI taxation are somewhat unexpected.  

 If firms are cash-constrained they must make layoffs to survive the recession period, and 

the firm cannot be deterred from layoffs by costs incurred in the next period. Moreover, if firms 

are cash-constrained, the increased tax bill in the second period pushes firms against their budget 

constraint, forcing them to reduce their variable costs, driving the firm to reduce employment in 

the period the tax bill arrives. In a model without cash constraints, there is no firm exit. With 

cash constraints, some firms will exit during the recessionary period while others will exit when 

the tax bill arrives because no available choices deliver positive profits if the price fall is 

significantly large. 

 Finally we could consider the tax penalty associated with layoffs as a random variable, 

∼ 𝐵(1, 𝑝)𝑁(𝜇, 𝜎2) . The firm does not know the benefit cost of layoffs from last period, 𝜏, 

which can be represented as the product distribution of a Bernoulli and Normal distribution. 

There is some probability 𝑝 that a given layoff will not claim benefits. It is estimated that only 

about half of eligible unemployed persons claim benefits. These workers may not claim because 

they immediately find another job or have other sources of supplemental income (Anderson and 

Meyer, 1997b). Conditional on claiming, I assume for simplicity beneficiary costs are 

approximately normally distributed with a cap on the maximum arising from benefit exhaustion. 

Therefore, a firm may lay off workers and not know the size of the tax penalty or whether they 

will receive a tax penalty at all. Because of this feature, firms may be less dissuaded by tax 

penalties and may also respond by reducing employment once the tax bill is revealed in the 

recovery period. The tax penalty-as-random-variable and the cash-constraint feature of the model 

can explain the large effects of tax increases on a firm’s hiring.  
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UI tax penalties function as a linear adjustment cost to layoffs (Anderson, 1993). As the 

penalty increases, layoffs become more costly and in expectation, the cost of hiring is greater, 

reducing the volatility of a firm’s employment. Firms with a zero-cost of layoffs at the maximum 

tax rate should be more responsive to employment shocks than firms with larger potential tax 

penalties well below the maximum rate.  

 Once a firm lays off a worker, their UI payroll tax increases. In equilibrium, payroll tax 

increases reduce wages with little impact on employment to the extent labor supply is inelastic 

(Hamermesh, 1996; Gruber, 1997; Chetty et al., 2011). Unlike other payroll taxes, UI taxes can 

vary annually. Because nominal wages are rigid and UI tax changes may be largely unexpected 

(Kaur, 2014), UI tax increases do not result in lower wages but lower firm-level employment. 

Tax increases represent real-wage increases in the short run. The exogenous increase in input 

prices affects firm profits, inducing some firms to miss their target profit and exit (Hamermesh, 

1993). If firms have access to credit markets, temporary increases in input price should have a 

relatively small effect on firm exit. If firms are cash-constrained and lack access to credit, 

however, the effects of unexpected cost increases can lead to more firm exit (Hamermesh, 1996).  

IV. DATA 

 I use detailed administrative unemployment insurance and firm UI tax records from the 

Florida Department of Economic Opportunity and the Missouri Department of Labor and 

Industrial Relations which administer the unemployment insurance programs in Florida and 

Missouri, respectively.  

In Florida, the data cover the universe of firms participating in UI from 2003 to 2012, 

with quarterly records for 903,000 unique firms. This information includes each firm’s industry, 

employment, wages paid, county, entity type, tax parameters, tax rate, and the benefit ratio used 
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to calculate the tax rate for each firm. The average firm in the data has 18 employees and faces a 

tax rate of 1.7 percent. Firms in the data pay average yearly earnings of $38,800 per employee in 

2014 dollars. The Florida data also include a UI claim file which contains an observation for 

each claim, a unique employee ID, employer ID, employee wages, hire date, separation date, and 

reason for separating from 1990 to 2013. The employer ID in this file and the firm file are not the 

same and so I am unable to merge the two data sets. 

The Missouri data include an observation for each firm in each quarter including the 

firm’s account balance, taxable payroll, reserve ratio, tax rate, and six-digit NAICS industry 

code. Missouri also provided an employee file which indicates the wages and the employers of 

each worker in each quarter. Using these data, I calculate the employment of each firm and count 

the number of new hires and separations for each firm in each quarter.  

Nationally, an employer must enroll in UI taxes, if it has a payroll of $1,500 or more in a 

calendar year or has at least one employee working at least a portion of one day during any 20 

weeks of a calendar. The coverage includes businesses, nonprofit organizations, state or local 

government employers, and Indian tribal units (Florida, 2012). In practice this means all lawful 

employers are represented in the dataset. 

I also use a number of datasets to study unemployment insurance taxation across states. 

The Bureau of Labor Statistics provides the Unemployment Insurance Data Summary (UIDS) 

which includes an observation for each state in each quarter describing the state’s benefits paid, 

number of UI claims, average duration of UI benefits, exhaustion rate, average weekly benefit, 

average tax rate, taxable wages, taxable wage base, fund balance, total loans, and unemployment 

rate from 1987 through 2013. I supplement this with information from the Commerce 

Clearinghouse UI Data which includes records of the maximum tax rates and taxable wage base 
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by state from 1976-2004. I also use local unemployment rates data (U3) from the Bureau of 

Labor Statistics for each state. Finally, I use County Business Patterns Data which has county-

level employment figures for each industry, to construct measures of industry employment 

shocks using all states but Missouri and Florida, similar to Bartik (1991).  

Variables 

 A number of variables I impute from the wage and employer file require some 

discussion. The variable firm size simply sums the number of wage earners reported to the state 

Department of Labor each quarter for a particular firm. I infer a new hire if a worker starts 

working for a firm he had not previously worked for and remains there for two or more 

consecutive quarters. A large number of workers are employed at a given firm for only one 

quarter which are not counted as new hires. Similarly, a separation is inferred when a worker no 

longer works for an employer who employed him for two or more consecutive quarters. One 

reason for not counting new hires and separations for those who are employed at a given firm for 

only one quarter is that these would count as both a new hire and a separation, dulling the 

measure’s meaning. Firm exit is inferred as the last quarter the firm is in the dataset, unless that 

quarter is also the last quarter of the dataset.  

 I calculate a number of variables to describe wages paid by each firm. The most basic is 

the average wage which represents the mean earnings paid to a firm’s workers each year. The 

average wage is affected by two factors—the skill of labor and the firm’s wage premium 

(Abowd and Kramarz, 1999). That is, a firm may pay more for two primary reasons: the firm 

employs higher skilled workers (worker type), or the firm pays more for a given level of skill 

(firm premium). I estimate each firm’s worker type and firm premium using a high-dimensional 

fixed-effect regression. I regress real wages on worker fixed effects and year-by-firm fixed 



16 

 

 

effects, using a high-dimensional fixed-effect package in Stata. The year-by-firm fixed effect 

measures what a given firm pays above what other firms would pay the same worker which can 

only be estimated if turnover is sufficiently high at a given firm to separately identify the firm 

premium from the worker type. The yearly firm average of captured worker fixed effects reflects 

the average worker type at a given firm. As a second measure of measure worker type, I also 

capture each employee’s wage at his former employer.  

VI. EMPIRICAL APPROACH 

The empirical aim of the paper is to estimate two primary effects of UI taxes. The second 

is the deterrent effect of tax penalties in discouraging firm downsizing—the consequence of UI 

firing costs. The first is the overhang effect of higher taxes on employment and firm exit once tax 

penalties are in place—in essence the impact of a sudden increase in the payroll tax rate.  

To identify the “overhang” effect of increased UI taxes on labor demand, I leverage a 

discontinuity in Missouri’s tax schedule to implement a sharp regression discontinuity design 

(RDD). I also exploit a change in Florida’s minimum tax rate deploying a first-differences design 

(FD).  

Second I investigate the role of tax penalties in deterring firms from laying off workers. I 

exploit the fact that penalties vary based on the firm distribution to the maximum to estimate 

whether firms more exposed to UI tax penalties react differentially to industry shocks by using 

parametric and non-parametric approaches including a regression kink design (RKD). I test 

whether firms exposed to larger tax penalties are less responsive to negative shocks as predicted 

by past literature (Anderson, 1993). 

I complement these strategies with ancillary identification strategies that prove to be less 

robust but support the results of the primary identification strategies. I implement a regression 
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kink design leveraging the kinks in the tax formulae for causal identification of the overhang 

effect. Morever, I exploit the tax changes that occur when new firms become experience rated 

for the first time, which allows me to precisely estimate the overhang effect throughout the 

business cycle. Regardless of the identification strategy, the results are remarkably similar.  

Deterrence Effect: The Effect of Tax Penalties in Discouraging Layoffs 

 The policy intention of UI tax penalties is to align firm incentives with the social cost of 

unemployment benefits, discouraging layoffs and encouraging lower firm employment volatility. 

UI tax penalties are a form of experience rating, the insurance practice of calculating premiums 

to reflect cost. A number of studies have found associations between experience rating and lower 

employment fluctuations, usually focusing on temporary layoffs (Topel, 1983; Anderson, 1993; 

Card and Levine, 1994; Ratner, 2013). I implement a parametric and a non-parametric test of this 

prediction, which is the first time detailed administrative records have been combined with 

quasi-experimental variation, exploiting the kink in the tax rate that arises from the maximum 

allowable rate.  

I estimate a triple difference (DDD) model in which a firm’s employment change is a 

function of an industry-wide employment shock and an interaction of the shock with a measure 

of the firm’s marginal tax penalty for laying off workers. The maximum tax rate shields firms at 

the maximum from tax penalties, while firms just below the maximum face limited penalties, and 

firms well below the maximum rate face large penalties for a given layoff: 

ln (𝐸𝑓𝑖𝑡) − ln (𝐸𝑓𝑖𝑡−1) = 𝛽𝛾𝑖𝑡 + 𝛿(𝛾𝑖𝑡 × 𝑀𝑇𝐶𝑓𝑡) + 𝛼𝑡 + 𝜙𝑓 + 휀𝑓𝑖𝑡 

Here, 𝐸𝑓𝑖𝑡 represents the employment of firm 𝑓 in industry 𝑖 at time 𝑡, calculated from 

administrative Florida records. To represent industry shocks, I compute 𝛾𝑖𝑡 from the County 

Business Patterns data by calculating the employment in each industry in all other states and 
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calculating the log-employment change from the previous year (Bartik, 1991). Therefore, 𝛽 

represents the percent change in a firm’s employment resulting from an exogenous industry 

shock, a unit representing a 1 percent decline in industry employment. The interaction between 

this shock and the tax penalty captures how firms more exposed to penalties respond to industry 

shocks differentially, captured by 𝛿. I demonstrate robustness by including firm fixed effects 

which represent firm-specific trends in the FD framework. I also demonstrate that the treatment 

of interest is not correlated with differential firm trends using a distributed lag model. 

 I measure the firm’s marginal tax cost (𝑀𝑇𝐶𝑓𝑡) following prior work. This measure 

indicates the present value of the taxes the firm expects to pay per dollar of benefits received by 

former employees (Topel, 1983; Anderson, 1993) who calculate MTC as: 

ΔPV tax =
(𝜌𝛾)2𝜂

𝑖+(𝜌𝛾)2𝜂
 

In this calculation, 𝜌 represents 1 plus the rate of growth in the firm’s employment, and 𝛾 

represents 1 plus the rate of growth in average (per employee) taxable wages at the firm; 𝑖 

indicates the interest rate, and 𝜂 represents the slope of the tax schedule. In Florida, the tax 

schedule sometimes changes so I experiment with several computations of 𝜂 including using the 

contemporaneous slope, the average slope over the past two years, or the average slope over the 

decade following Ratner (2013). The results are robust to any measure used. 

 One feature of experience rating that has been ignored in previous research due to data 

limitations is how experience rating partially depends on the distance a firm is from the 

maximum rate. A firm 휀 below the maximum rate does not suffer a significant penalty from 

marginal layoffs, so the slope of the tax rate locally is not a good measure of experience rating as 

the firm approaches the maximum rate. At the other end, a firm with a minimum rating faces a 

large potential tax penalty. To capture this variation in experience rating, I convert Topel’s 
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measure of experience rating into the per-employee penalty of a 1 percent layoff, a measure 

developed by the Bureau of Labor Statistics (BLS) to describe the tax penalty. I test to see if my 

results come from this computation of the marginal tax cost. The results are consistent with and 

without the adjustment, described as follows:  

ΔPV taxes = (1 +
(𝜌𝛾)2𝜂

𝑖+(𝜌𝛾)2𝜂
)

𝑐

300
6 

 I also implement a non-parametric test of experience-rating’s effect on adjustment by 

separating the firms near and below the maximum rate into bins based on their reserve ratio. 

Within each bin, I estimate the relationship between changes in log firm employment and 

negative industry shocks. In theory, if the firms are not cash constrained, the effect of industry 

shocks should be smaller for firms with benefit ratios below the maximum than above because 

they face a tax penalty for additional layoffs. I plot the coefficient on the industry shocks against 

the marginal tax cost to visualize the relationship between the tax incentive and the response to 

industry shocks.  

 I document that there are not differential trends using a distribution lag model and I 

control for firm trends. But a more convincing avenue to exploit the kink I in the penalties firms 

face using a modified regression kink design. The regression kink approach exploits the fact that 

the potential tax penalty is kinked due to the maximum tax rate. As the firm approaches the 

maximum tax rate, the cost of a layoff decreases since the firm’s penalty is limited by the 

maximum rate. Firm characteristics are smooth across the kink so the expectation would be the 

firm’s response to industry shocks evolves smoothly as a firm approaches the maximum rate. If a 

firm’s response to shocks is kinked at the maximum tax rate, I infer that the tax penalty affected 

                                                           
6 C is the cost of the average layoff, divided by three because cost is divided over three years. E is the employment 

at the firm. It’s divided by 100 so that the variable measures the tax increase associated with laying off 1% of the 

firm, a standard measure used by DOL. 
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the firm’s response to industry shocks. I perform this test parametrically and non-parametrically. 

The parametric specification takes the form: 

log (𝐸𝑓𝑖𝑡)−log (𝐸𝑓𝑖𝑡−1)

𝐾𝑇 = ∑ {𝛽𝑝(𝛾𝑖𝑡 × (𝑤 − 𝑘)𝑝)𝑛
𝑝=1 + 𝛿𝑝(𝛾𝑖𝑡 × 𝐾 × (𝑤 − 𝑘)𝑝)} + 𝛽𝛾𝑖𝑡 + 𝛼𝑡 + 휀𝑖𝑡, 

where |𝑤 − 𝑘| < ℎ 

The outcome variable is the change in log employment, scaled by the size of the tax penalty 

kink, 𝐾𝑇. Here, 𝑤 is the assignment variable which is the firm’s distance from the benefit ratio at 

which the maximum tax rate becomes binding; 𝐾 = 1(𝑤 > 𝑘) is an indicator for being to the 

right of the kink point, ℎ is the bandwidth, and the slope change is captured by the parameter 𝛿1. 

I provide estimates for various bandwidths and include quadratic terms for wider bandwidths. A 

typical regression kink estimation lacks the 𝛾𝑖𝑡 variable and 𝛾𝑖𝑡 interactions. The key is that 

normally the treatment kink directly affects the outcome variable. In this analysis, the kink of 

interest is the firm’s response to shocks. This approach can be considered a regression-kink 

difference-in-difference where a kinked variable may moderate the effect of a shock. 

I present this evidence non-parametrically by estimating the relationship between firm 

adjustment and industry shocks within bins around the kink and plot the estimated firm responses 

to show visually what the regression kink estimates.  

Overhang Effect: Results of Tax Penalty Incentive 

 The results of these analyses appear in Tables 1–3 and Figures 11–12 which consistently 

fail to demonstrate that firms are deterred from layoffs and tax penalties.  

Recall from the conceptual framework that UI tax penalties represent an adjustment cost 

of reducing a firm’s workforce. Because UI taxes impose this cost on layoff adjustment, theory 

predicts that firms should retain more workers when they face negative shocks and hire fewer 

workers when they face positive shocks. Based on this, we expect that 𝛽 would be positive, 
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representing the positive effect of a shock in industry employment on the firm’s employment, 

precisely, the effect of a 1 percent industry shock. The coefficient 𝛿 represents the effect of the 

tax penalty in attenuating the effect of the industry employment shock, and theory predicts 𝛿 <

0. We expect the effect of the shock to be significant and positive, and we expect the tax penalty 

to dampen this effected represent by a negative coefficient on the tax-penalty-shock interaction. 

To complement this, I estimate distributed lag models to explore the common trends assumption. 

I find “treated” firms have common trends before the recovery but not during the recovery in 

Florida. Therefore, I limit the analysis to those years where the common trends assumption 

holds. 

In Table 1 we see that a 1 percent negative industry shock reduces a firm’s employment 

by about 0.9 percent which is robust to a number of controls and highly significant. The 

coefficient on the tax-penalty-shock interaction is small and not negative, contrary to the 

prediction. This point estimate is remarkably consistent, regardless of how the tax penalty is 

calculated or what controls are included. Column 1 represents the calculated tax penalty using 

the concurrent tax slope while in column 2 I use the average tax slope over the entire data period. 

In both calculations, the results are nearly identical.
7
 Column 3 includes a control for the firm’s 

benefit ratio, and in column 4 I add a measure of the firm’s age. A 1 percent shock in industry 

wide employment is associated with a 0.7 percent change at an individual firm, and the tax 

penalty has a dampening effect on the impact of industry shocks. 

This result might be an artifact of unobservable firm differences along the benefit ratio, 

making firms that have lower tax penalties less responsive to firm shocks for some other reason. 

To explore this possibility, I perform the same regressions but include firm fixed effects which 

                                                           
7
 In addition, I experiment with a number of moving average calculations of the tax slope and the results remain 

remarkably consistent. 
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capture individual firm trends. Each estimated firm fixed effect represents the average trend of 

that firm, accommodating possible non-parallel trends between firms. While the effect of an 

industry shock is attenuated, presumably due to serial correlation in industry shocks and firm 

adjustment, the coefficient on the tax-penalty-shock interaction is positive and statistically 

insignificant.  

To perform a non-parametric version of this test, I create bins along the benefit ratio and 

estimate the relationship between industry shocks and firm employment adjustment within each 

bin. I plot these coefficients against the marginal tax penalties in Figure 11. The expectation is 

that firms are more responsive to industry shocks near or above the maximum tax rate where the 

tax penalties for marginal layoffs are small or non-existent. Instead, firm response does not 

systematically vary with the tax penalty.  

It is possible that unobserved differences could bias this estimation if those unobserved 

differences vary within firm over time. To address this issue, I exploit the fact that a firm’s 

potential tax penalty is kinked at the maximum tax rate. That is, the tax penalty declines linearly 

as a firm approaches the maximum tax rate until it reaches the maximum point and the tax 

penalty stops decreasing. This generates a kink in the tax penalty that allows for careful quasi-

experimental examination. If firm responses to industry shocks are kinked at that point, it 

provides strong evidence that the tax penalty influences the firm’s decision to reduce 

employment in response to industry shocks. Hence the change in the slope of the response 

measures the firm’s sensitivity to the tax rate. 

The regression kink estimates are fairly noisy, but the point estimates are economically 

small and statistically insignificant at a range of bandwidths. To show this non-parametrically, I 

estimate the relationship between firm employment adjustment and industry shocks within bins 
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along the running variable around the kink point. I plot these coefficients around the threshold as 

shown in Figure 12. The figure confirms the parametric estimation; namely, there is no 

discernable kink at the threshold though the standard errors are too large to rule out a meaningful 

effect. 

Thus I am unable to provide any evidence that UI tax penalties discourage firms from 

downsizing in response to negative shocks. As we explored in the conceptual framework, one 

potential explanation of this finding is firms considering layoffs are cash-constrained, implying 

future tax penalties are not deterring since these employers layoff workers in order to survive.  

The Effect of the Tax 

Regression Discontinuity Design 

 To identify the causal effect of UI payroll taxes, I leverage a relatively large discontinuity 

in the firm’s UI tax rate based on its reserve ratio. Recall that Missouri generates each firm’s 

reserve ratio based on the firm’s UI account balance and the state uses a tax schedule to 

determine each firm’s tax rate every year. The Missouri tax schedule includes a relatively large, 

1.2-percentage-point discontinuity in the tax rate, which increases the per-employee tax by $152 

annually. I use this discontinuity to compare firms with similar UI histories who experienced 

different UI tax rates, overcoming the omitted variables problem which challenged previous 

work.  

  I model the outcome variable 𝑌𝑖𝑡 as a continuous function of the running variable, the 

firm’s reserve ratio, and estimate the outcome discontinuity that occurs at the threshold:  

(1)    𝑌𝑖𝑡 = 𝛽𝑇𝑖𝑡 + 𝑓𝑙(𝑥𝑖𝑡 − 𝑥′) + 𝑓𝑟(𝑥𝑖𝑡 − 𝑥′) + 𝛼𝑖 + 𝑢𝑖𝑡 , 

where 𝑥𝑖𝑡 is the reserve ratio of firm 𝑖 in year 𝑡, 𝑥′ is the value of the running variable at the tax 

discontinuity, and 𝑇𝑖𝑡 equals one if firm i is on the left of the discontinuity in year 𝑡 causing a 
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higher tax rate. Here, 𝑓𝑙(𝑥𝑖𝑡 − 𝑥′) is a continuous function of the running variable to the left of 

the threshold which captures the continuous relationship between the firm reserve ratio and the 

outcome of interest. Likewise, I allow for a different relationship between the outcome and 

running variable to the right of the threshold by including polynomial 𝑓𝑟(𝑥𝑖𝑡 − 𝑥′). When the 

residuals of this approach are serially correlated, I take it as a sign of misspecification and add 

additional polynomial terms. Regardless the estimates themselves are broadly robust to lower-

order polynomials. I include firm fixed effects which allows me to reduce the residual variation 

considerably and isolate within-firm variation in the tax rate (Greene, 1987). An additional virtue 

of the firm fixed effects in this context is the resulting estimates reveal the immediate effect of 

tax hikes rather than the effect of a stable payroll tax. One concern is whether firm fixed effects 

offers the same experimental interpretation as a traditional RDD because the fixed effects force 

the regression to use within-firm variation. While it is standard practice that controlling for 

exogenous covariates does not affect the causal interpretation of a traditional experiment, this 

issue requires more exploration. 

To demonstrate that the fixed effects and RDD design work together to produce the 

parameter of interest, I use a Monte Carlo simulation. Recall that the long-run effects of a payroll 

tax increase are significantly different than those in the short-run; wages are rigid in the short run 

and so a payroll tax increase reduces employment rather than wages. In the longer-run a firm will 

adjust to a higher payroll tax by reducing wages such that the tax has little to no effect on 

employment (Gruber, 1997). The data-generating process I study creates heterogeneous firms 

that move randomly around the threshold. If they fall to the right of the threshold, their 

employment falls by 1, the true beta I intend to estimate. If the firm remains treated, the effect on 

employment attenuates and the running variable has a positive effect on employment. In Table 
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4b, the results of this simulation are demonstrated. A simple regression without fixed-effects or 

RDD controls estimates the wrong sign because of the differences of firms along the benefit 

ratio. Firm fixed effects get closer to the true parameter because they use within-firm variation, 

but they do not control for within firm variation in the benefit ratio that also affects employment. 

The RDD alone also systematically underestimates the effect of the threshold because it 

estimates the average effect at the threshold, not the immediate effect of interest. When these two 

control designs are combined—the regression discontinuity with firm fixed effects—the effect is 

estimated accurately. The running-variable controls account for within firm differences in time 

and force the regression to estimate the effect at the threshold while the firm fixed effects allow 

the estimation of the true short-run effect by exploiting within firm variation.  

Another important advantage of including firm fixed effects is that it can account for 

considerable noise arising from firm heterogeneity. To demonstrate this, I run the same Monte 

Carlo simulation but now I introduce larger firm heterogeneity in the firm’s initial size. With 

considerable firm heterogeneity, the RDD without firm fixed effects estimates the effect 

imprecisely and maintains the bias described in the first exercise (Table 4c). When firm fixed 

effects are included, the true beta is precisely estimated. In short, the Monte Carlo simulations 

demonstrate the purpose of the firm fixed effects: they provide precise estimates and identify the 

short-term effect of tax increases. 

I focus on firms in Missouri whose average per-worker wages were less than $50,000 

over the data period in real terms ($2014). This is intended to focus on firms for which the tax 

represents a meaningful fraction of employment costs. I also consider a range of alternative 

bandwidths to assess robustness. The standard errors are clustered at the firm level and I have 

collapsed the data at the firm-year level to use yearly data rather than quarterly in most analyses.  
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Regression Discontinuity Design Results 

 Two primary threats would undermine the validity of the RD design. The first is if firms 

can precisely manipulate their position on the UI tax schedule, creating selection bias. The 

second is if other determinants are also discontinuous at the tax threshold. I begin by testing for 

manipulation of the running variable, which would occur if firms could strategically manipulate 

their reserve ratio around the tax threshold. If strategic manipulation had occurred, we would see 

an excess density of firms on the favorable side of the threshold and a deficit density on the less 

favorable side; this intuition is formalized by a McCrary test (2008). Figure 14 is a histogram 

representing the distribution of the running variable (the reserve ratio) around the threshold. The 

eye suggests and the McCrary test confirms that there is no statistically discernable manipulation 

around the threshold (Figure 15).  

 A second threat to identification is if some other determinant of the outcome is 

discontinuous at the threshold. There are numerous predetermined variables with which I 

construct an index of predicted outcomes using all fixed covariates in the data, similar to Card et 

al. (2015). To construct the index, I regress firm size, hiring, and firm exit respectively on two-

digit industry indicators, a measure of firm age, and year. Figure 16 plots the mean values of the 

covariate indices over the running variable. Using my RDD specification, the predicted-value 

discontinuity at the cutoff is small and statistically insignificant. The lack of evidence of sorting 

and differences in predetermined characteristics around the threshold supports the assertion 

observable factors are balanced around the threshold.  

I conducted informal interviews with employees of the state department of labor to 

determine if any other policies turn on at the cutoff of interest. Each of five employees indicated 

there were no other policies that were affected in any way by the reserve ratio and other state 
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departments had no access to the reserve ratio measure preventing them from applying policy 

dependent on the reserve ratio.  

I implement a number of placebo regressions to probe the validity of the design. First I 

estimate the model using outcome variables that preceded treatment and find no significant 

effects (Figure 17). I also estimate the model for firms who were excluded from the sample for 

paying more in average wages. As expected, the estimated effects are smaller in magnitude and 

statistically insignificant. 

Finally, I test whether the firm fixed effects may produce bias. Because controlling for 

firm fixed effects requires within-firm changes in tax rate, it may be that the RDD compares 

dissimilar firms at the threshold. In order to probe this concern, I implement a robustness test 

similar to Chang, Hong, and Liskovich (2014), limiting the analysis to firms who originated on 

one side of the tax discontinuity. Using this method, the RDD estimator compares only firms 

who originated on one side and continuously migrated toward the threshold with some firms 

quasi-randomly crossing the cutoff. These intuitive estimates match the baseline regressions in 

magnitudes and significance (Table 4). This supports the assertion that the RDD successfully 

compares like firms at the cutoff. 

The regression discontinuity estimates the effect of a $152 per-employee tax increase on 

firm outcomes. The tax appears to have an economically significant effect on firm size, shrinking 

the average firm by 0.5 employees where the average firm in the data consists of 21.5 

employees, or about 2 percent, although these estimates are insignificant at conventional levels 

(Table 5). The tax increase does not appear to affect the rate of worker separation, but does 

reduce the rate of quarterly hiring by 0.3 hires per quarter, highly significant at conventional 

levels (Table 5). The average firm hires 1.8 employees each quarter. The RDD estimates also 
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suggest that the higher tax rate increases firm exit by 1 percentage point, up from an average rate 

of 10 percent annual exit (Table 5), about equivalent to the effect of a 4-6 point negative industry 

shock. These estimates are larger than predicted by average labor demand elasticities. 

To complement this analysis, I consider a natural experiment in Florida where UI taxes 

increased for one group of firms, but left another group unaffected. I vary the bandwidth and 

show that the results are robust to a variety of bandwidths in Figures 17e and 17f. In figure 17d I 

demonstrate the effect of the tax increase in event time. In the quarter before the tax increase is 

announced to the firm, the firm does not alter its hiring decision. Firms receive their tax letter in 

November. In the quarter in which the firm knows its new tax but does not yet face this new tax, 

it reduces hiring. When the tax is implemented, the firm’s hiring falls significantly. A significant 

literature finds minimal effects of payroll taxes. Since firms begin to respond when informed this 

harmonizes in part how I can document significant consequences of payroll taxes while well 

anticipated payroll tax changes show little effect when the tax is implemented. 

First-Differences Design 

 In the aftermath of the 2008 recession, Florida’s UI trust fund was depleted. The state 

fund represented about 98 percent of wages 2007 falling to 6 percent by 2009. In 2007, Florida’s 

reserves were average among the states but fell to 49
th

 by 2012. This dramatic decline took place, 

in part, because Florida has a small wage base and a low maximum tax rate, so a large fraction of 

firms was not charged for marginal layoffs.
8
 To shore up the UI trust fund, Florida raised the 

minimum tax rate substantially from 0.1% in 2009 to 1.5% by 2012, to leverage the large tax 

base of firms below the maximum rate with no change in the maximum rate. I deploy a first-

differences (FD) design comparing firms consistently at the minimum rate to those who were 

                                                           
8
Florida also covered its UI operating expenses by borrowing from the federal government $2.2 billion or $330 for 

each employee.  
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consistently at the maximum rate. Figure 18 shows the tax changes in the minimum tax rate over 

time in Florida.  

 I identify firms who are consistently at the maximum or minimum rate and use them to 

estimate the model: 

Δ𝑌𝑖𝑡 = 𝛽Δ𝜏𝑖𝑡 + 𝛿𝑡 + 𝛼𝑖 + 𝜇𝑖 

Where 𝑌𝑖𝑡 represents the outcome variable (e.g. firm employment and firm exit); 𝜏𝑖𝑡 represents 

the tax per employee in $100 (2014$); 𝛿𝑡 represent year fixed effects which captures the average 

change in 𝑌𝑖 each year and 𝛼𝑖 represents firm fixed effects which capture each firm’s linear 

trend. These firm trends, if unaccounted for, could bias estimates if trends correlate with the tax 

changes. The standard errors are clustered at the firm level.  

 One potential concern is that firms at the minimum and maximum may be very different 

and thus subject to different shocks which may be confounded with tax changes. As a response 

to this concern, I use the simulated tax increase from the formula change as an instrument on the 

firm’s tax change near the maximum to compare similar firms, some of whom receive an 

exogenous tax shock because of policy changes. 

First-Difference Results 

Florida dramatically raised its minimum UI tax rate after the recession to shore up the 

state’s UI trust fund. This policy change affected firms at the minimum rate, but not those at the 

maximum rate. Implementing a first-differences design comparing firms at the minimum who 

underwent significant tax increases to those at the maximum, I find that a $100 increase in per-

employee taxes reduce employment by 0.24. The tax increase of $100 is associated with a 0.9 

percentage point (9 percent) increase in the firm exit rate, on a base of 4.9 percent. The 

identification assumption is that firms undergoing a tax change would have trended parallel to 
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the firms that did not experience a tax increase. To evaluate this assumption, I include firm-

specific time trends, and all results remain robust to this inclusion, consistent with the 

identification assumption. The employment effect increases slightly to a 0.28 employee 

reduction. The firm exit increase is 0.6 percent with firm trends.
9
 Another robustness test 

implements a placebo where I regress current outcomes on future tax rates. The coefficients in 

this regression are small and insignificant, demonstrating the effects are not driven by selection 

since firm size is not significantly correlated with future taxes. There can be no effect on firm 

exit rates because the exit in years before a firm exits must be zero.  

Regression Kink Design 

The maximum tax rate in Florida creates a kink in the tax rate as a function of the benefit 

ratio. The regression kink design (RKD) relates a kink in the outcome variable with a kink in a 

policy variable, the tax rate. Unbiased identification relies on two assumptions. First, the 

assignment variable must have a smooth marginal effect on the outcome of interest. Second, the 

density of the unobserved determinants of the outcome variable must evolve smoothly with the 

assignment variable at the kink point. If these conditions are not met, the kink in the outcome 

variable is confounded with other factors and the causal estimation is statistically biased. 

Although firms can know the placement of the tax kink, it is virtually impossible for firms to 

precisely manipulate their tax rate because it depends on the value of benefits drawn by laid-off 

workers. An employer would find it impossible to precisely control the duration of each former 

worker’s benefit receipt, precluding precise manipulation around the kink. Moreover, I have 

been unable to document any evidence that firms act strategically to game the unemployment 

insurance formula. 

                                                           
9
 Because exit is an absorbing condition, firm fixed effects will always attenuate the estimate towards zero. Since the 

trend will be positive for exiting firms and zero for ____ surviving firms.  
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The RKD estimate measures the slope change in the outcome variable at the treatment 

kink and scales the slope change by the slope change in the treatment variable. The numerator 

can be estimated by implementing a parametric polynomial model: 

𝑌𝑖𝑡 = 𝛼0 + ∑ 𝛽𝑝(𝑤 − 𝑘)𝑝 𝑛
𝑝=1 + 𝛿𝑝(𝑤 − 𝑘)𝑝 × 𝐾 + 𝜇𝑖 + 휀𝑖𝑡, where |𝑤 − 𝑘| < ℎ 

Here, 𝑤 is the assignment variable, 𝐾 = 1(𝑤 > 𝑘) is an indicator for being above the kink point, 

ℎ is the bandwidth, and the slope change is captured by the parameter 𝛿1. 

Estimates should be interpreted as the average treatment effect for firms near the kink. 

For estimation, I divide the outcome variable by the policy kink change in $100s of dollars in 

2014 dollars so that the estimates reflect the average effect of a $100 increase in per-employee 

taxes. I implement a separate regression for each year with varying bandwidth and 𝑝 = 1 

and 𝑝 = 2. All regressions are estimated with standard errors clustered at the individual firm 

level.  

The estimates are only precise for employment, but yield similar point estimates. Like the 

RDD and the FD, the RKD estimand implies that a $100 increase in the tax rate decreases 

employment by 0.20 employees or about 1 percent (Figures 9 and 10).  

Experience Rate Introduction (ERI) Estimation 

 In Florida, new firms become experience-rated the January after a new firm’s first 10 

quarters, creating variation in tax rates for approximately 70,000 firms each year. This variation 

can be used for identification similar to Anderson and Meyer (2000) who use the introduction of 

experience rating in Washington State for estimation. In this strategy, I exploit the tax change 

that occurs when firms become experience rated to estimate the influence of the tax. This 

estimation is imperfect, in part because firms can respond to the tax rate in expectation so the 

strategy may provide estimates biased toward zero. The underlying identification assumption is 



32 

 

 

that the tax change induced by experience rating’s introduction is not correlated with the firm’s 

trend in employment. The principal value of this strategy is that it allows for the estimation of the 

effect of the tax over the business cycle. 

I estimate the employment effect over the business cycle using the ERI estimator, 

associating changes in employment with tax changes arising from the introduction of experience 

rating each year for new firms. Like the RDD, FD, and RKD estimates, this estimator implies 

that a $100 increase in per-employee UI fees reduces employment by 0.30 employees. When 

estimated by year, I find that the effect of the tax is significantly larger in 2008 and 2009, 

reaching 0.5 in 2009. Afterward, the effect declines back to the pre-recession effect level but 

then declines again (Figure 17). This suggests that firms may be especially sensitive to the tax 

during the worst of a recession.  

VII. DISCUSSION 

In this paper I measure two counter railing influences of UI taxation: the intended 

consequence of deterrence and the unintended consequence of tax overhang. The intended effect 

of the UI tax in discouraging layoffs is not apparent in the data. The UI tax increase resulting 

from the layoffs appears to reduce hiring and increase firm exit significantly. 

The results imply that a 1 point increase in tax rates decrease a firm’s employment by 

about 1 percent. Taking the average wage as the base, the implied elasticity is 3.5. Comparing 

this to the results of meta-analysis regressing own-price labor demand elasticity on study 

characteristics (whether it used administrative data, the time period, whether wages were 

instrumented, whether panel FE were employed, etc.), I find the average labor demand elasticity 

in contexts similar to mine is 0.9 (Lichter, Peichl and Siegloch, 2014). This is the average short-

run elasticity estimate from reduced-form papers focusing on low-skill labor demand, using 
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instrumented wages, administrative data, and firm fixed effects using data from the 2000s. For 

instance, measure elasticity for more recent periods have been higher, presumably because of 

falling costs associated with mechanization and international coporations.  

To explain why this paper finds very little role for UI tax penalties in discouraging 

layoffs, while the previous literature finds a rather large effect (Topel, 1983; Anderson, 1993; 

Card and Levine, 1994), I offer several thoughts. First, the small estimated response is consistent 

with a plausible model of cash constrained firms. I use new administrative data and within state 

quasi-experimental methods while previous studies have used cross-state variation in tax 

penalties for identification. One concern with cross-state variation is the possibility intentional 

location selection could drive firms with more unemployment risk to states with limited tax 

penalties, plausibly generating the correlations previous analysts have observed. It is also 

possible that my results and previous work are consistent. Perhaps firms are responsive to state-

specific variation because they are more able to understand the tax penalties of their state, than 

the penalties they face from their location on a schedule.  

The estimates presented here regarding the effect of UI payroll tax increase are large 

compared to estimates from other papers studying payroll taxes (Gruber, 1997; Kugler and 

Kugler, 2002; Egebark and Kaunitz, 2014). Among papers that identify a negative effect of 

payroll taxes on employment, prior estimates tend to imply a demand elasticity smaller than one. 

Two papers that specifically identify the effect of UI taxes specifically estimate larger effects: 

Anderson and Meyer (1997) find that a 1-point increase in UI taxes are associated with a 1.4 

percent reduction in firm employment implying an elasticity of greater than one. Anderson and 

Meyer (2000) report enormous effects, though over a time frame when the tax would reduce 

wages rather than employment (1-point tax increase reduced wages by up to 4 percent). It is 
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possible that the unique features of UI taxation cause larger unemployment effects. Normally, 

Payroll taxes increases are announced well in advance, allowing companies to gradually adjust 

employment and wages in expectation of the tax change. The authors of this literature tend to tax 

the tax change as the event of interest rather than the announcement plus the implementation of 

the tax change, possibly leading to underestimation of the payroll tax effect. In contrast, UI taxes 

are announced a month before they are implemented, allowing little time for firms to adjust 

employment and wages, allowing for a careful evaluation of the short-run payroll tax change.  

In Missouri, a firm’s new reserve ratio is calculated in July, at the beginning of the third 

quarter, but firms are not notified of their next year’s tax rate until November and the tax does 

not rise until January. Firms are completely unresponsive to next year’s tax rate in Q3 when their 

new reserve ratio is calculated but they are unaware of their new tax. In Q4 firms learn their new 

tax rate and tax-hiked firms at the discontinuity reduce their hiring by 0.18 hires that quarter, 

significant at conventional levels. The following quarter when the tax rate increases, tax-hiked 

firms reduce hiring by 0.60 hires that quarter. Hiring is lower for the rest of the year, but the 

effect moderates significantly. 

Furthermore, UI taxes represent, in effect, a head tax because the taxable wage base is 

smaller than most employees’ yearly wages. Unlike other taxes, that means the tax discourages 

the quantity employed more so than the quantity of wages paid. Finally, UI taxes are not 

predictable. About half of layoffs do not claim benefits and workers can vary widely in how long 

they remain unemployed, receiving benefits; the large variation in benefits drawn makes 

predicting the tax difficult for firms. Because of this, firms may interpret unexpected tax 

increases as indicative of the future, and thus overreact to this period’s tax change.  
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Another important feature discussed in detail in the conceptual framework section of UI 

tax is that they may broadly apply to firms who have experienced a negative shock and may be 

cash-constrained. As discussed, this explains why firms respond strongly to the tax bill but are 

not significantly deterred by tax penalties. 

In order to survive the period, a cash constrained firm must reduce its variable costs so 

that no matter what the penalty, the firm is unlikely to be discouraged by future tax increases.
10

 

Because the firm’s cash constraint may be serially correlated, it is likely to be cash constrained 

the taxes rise, causing the firms to further reduce variable costs by decreasing hiring and 

surviving with fewer workers. This explanation is helpful because it illuminates the unexpected 

pattern of firm responses, based simply on the firm’s need to meet its financial obligations to 

survive.  Similarly, cash constraints explain why tax increases can induce some firms to exit. 

The timing of these effects as well as the effect of the tax on firm exit is consistent with 

the explanation that firms adjust as information becomes available. The estimated effect of the 

tax increase on exit is unexpected. I cannot locate any literature that has exploited quasi-

experimental variation in regulation or taxes and reported an effect on firm exit, which could be 

for a myriad of reasons.
11

 To assess the size and cause of the exit effect, I estimate the effect of 

industry shocks on firm exit. The effect of a 1 percent UI tax increase is about equal to a 4-6 

percent negative industry shock. To compare my effects to the effects of other taxes I use 

changes in state corporate and individual income taxes to assess their effect on bank exit using 

credit union and non-affected corporations as a control group. This exercise shows that firm 

behavior is highly responsive to income taxation, and firms are about 0.2 percent more likely to 

                                                           
10

 Using data from Compustat, I verify that industries undergoing negative shocks appear to be also be cash 

constrained. 
11

 Analysts may not find effects on firm exit, may not be interested in firm exit, or systematically report null effects 

on firm exit to preserve the interpretation of other results.  
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exit when tax rates rise by one point.. Because income taxes only reduce surpluses and do not 

introduce new costs, this makes sense in light of the leading explanation of the data, namely, UI 

taxes increase input costs which put a firm’s viability at stake.   

IX. CONCLUSION 

UI tax penalties are intended to discourage layoffs and recoup the cost of unemployment 

benefits. In this paper, I measure two consequences of this tax program: the effect of UI penalties 

in discouraging layoffs (the “deterrent” effect); and the effect of UI tax increases on employment 

and exit (the “overhang” effect). Through a variety of quasi-experimental designs, I report that a 

1 point increase in UI tax rates results in an employment reduction of about 1 percent and an 

increase in the firm exit rate of about 1 percentage point, though I find no evidence that tax 

penalties deter layoffs.  A model of profit-maximizing firms with cash constraints explains why 

firms react strongly to tax increases but are not deterred by future tax increases. 

Economists tend to think of the UI program as an automatic stabilizer because benefits 

discharge at times when unemployment is high.  I show that UI taxes also track the business 

cycle, diminishing the overall stabilizing influence of the program. Moreover, the results 

measure the cost of UI financing and thus have implications for the optimal UI literature.  The 

work-horse model of optimal UI assumes workers pay the tax from their wages in the high state 

of the world, but my results demonstrate that, at least in the short-run, tax increases do not reduce 

a worker’s wages, but instead affect the probability the worker is in the low state of the world.  

This understanding of the unintended costs of UI benefits may alter our perception of the optimal 

generosity and duration of UI benefits. 

Finally, tax penalties increased dramatically in the mid-1980s as the federal government 

induced states to increase their maximum tax rate and their taxable wage base. Since then, the 
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cost of unemployment to firms increased as workers became eligible for more generous benefits 

and chose to receive unemployment insurance for longer periods of time. My evidence is 

consistent with the claim that these increases contribute to the rise of jobless recovery since the 

in1980s and I demonstrate that employment recovers more haltingly in states with higher tax 

penalties.   
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UI Background 

 

Figure 1  

 

 
Figure 1: Dotted line represents the average per-employee tax in 2013$ in the BLS Unemployment Insurance Data 

Summary (UIDS). The line represents unemployment measure (U3), also from BLS. The shaded regions represent 

NBER-designated recessions. 

Figure 2 

 

 
Each line represents the percent non-farm employment growth since the start of a recovery. The blue lines represent 

the recoveries taking place before the marked experience rating increase that took place in the 1980s and early 

1990s. The red lines represent the recoveries since the increase in experience rating. I color the recessions so that the 

earliest one is lightest and they are progressively darker so the reader can get a sense of order. These recoveries are 

those following the 1953, 1957, 1960, 1969, 1973, 1981, 1990, 2001, and 2007 recessions. The 1980 recession was 

excluded because its 30-month recovery period includes another recession. Data are provided by the US Department 

of Labor. 
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Figure 3 

 

 
The blue dot represents the average state maximum UI tax rate from 1978 to 2004 which is calculated from state-

level data, Commerce Clearinghouse UI Data: Minimum and Maximum UI Tax Rates in Effect by Year (CCUID), 

provided by the Employment and Training Administration (ETA). The shaded regions represent NBER-designated 

recessions.  

Figure 4 

 

 
The blue dot represents the average state minimum UI tax rate from 1978 to 2004 which is calculated from state-

level data, Commerce Clearinghouse UI Data: Minimum and Maximum UI Tax Rates in Effect by Year (CCUID), 

provided by the Employment and Training Administration (ETA). The shaded regions represent NBER-designated 

recessions.  

 

 

 

 

 

Figure 5 
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Figure 6 
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Figure 8 
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Figure 9: The Average Per-Employee Tax Bill  

 

 
The red line represents the average nominal per-employee tax bill for building finishing contractors in Missouri. The 

blue line represents the same for building finishing contractors in Florida. Because the maximum rate and the wage 

base are higher in Missouri, the actual tax bill fluctuates significantly more in Missouri. These values are calculated 

using administrative UI records from the Missouri Department of Labor and the Florida Department of Revenue.  
 

 

Figure 10: The Average Per-Employee Tax Bill  

 

 
 

The red line represents the average number of employees for building finishing contractors in Missouri. The blue 

line represents the same for building finishing contractors in Florida. These values are calculated using 

administrative UI records from the Missouri Department of Labor and the Florida Department of Revenue.  
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Table 1: State Panel 1977-2004 

 

 

(1) (2) (3) 

 

Unemployment Unemployment Volatility 

    rating 0.835** 0.592* 0.435** 

 

0.265 0.266 0.157 

    weekly 

benefit 1.264** 1.691*** -0.181 

 

0.373 0.402 0.208 

    Year FE X X X 

State FE X X X 

State Trends X 

 R-squared 0.5507 0.6799 0.7314 

N 937 937 149 

 

Standard errors in parentheses 

* p<0.05, ** p<0.01, *** p<0.001 

Unemployment measures the unemployment rate (U3) in each state in each year. Rating is the 

maximum per-employee tax bill in real dollars which is calculated by multiplying the maximum 

tax rate by the wage base in $1,000s in 2013 dollars. Weekly benefit measures the average 

weekly benefit provided in that state in that year in $100s in 2013 dollars. Finally, volatility 

measures the standard deviation in the unemployment rate over each of three business cycles; 

data were provided by the US Department of Labor. Unemployment regressions span 1986-2004 

because the average weekly benefit data only go back to 1986. The volatility regression spans 

1976-2004. In these regressions, the rating and weekly benefit variables represent the average 

rating or weekly benefit in each state in each business cycle. All standard errors are clustered at 

the state level.  
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Experience Rating and Discouraging Size Reductions 

 

Figure 11 

 

 
 

 

 

 

 

 

 

 



 

 

 

Table 1: Does Experience Rating Dampen Employment Shocks? 

 

  EmpΔ%     EmpΔ%     EmpΔ%     EmpΔ%     EmpΔ%     EmpΔ%     EmpΔ%     EmpΔ%     EmpΔ%     

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

          TP1*Emp. Shock%  -0.094** 

 

 -0.091**  -0.094**  -0.097** 0.041 

 

0.021 0.041 

 

[0.031] 

 

[0.031] [0.031] [0.031] [0.039] 

 

[0.039] [0.039] 

          TP2*Emp. Shock% 

 

 -0.093*** 

    

0.028 

  

  

[0.030] 

    

[0.038] 

  

          Emp. Shock% 0.991*** 0.992*** 0.983*** 0.991*** 0.901*** 0.723*** 0.738*** 0.762*** 0.723*** 

 

[0.039] [0.039] [0.039] [0.039] [0.040] [0.050] [0.050] [0.050] [0.050] 

          Year FE X X X X X X X X X 

TP (100s) X X X X X X X X X 

Ben Ratio 

  
X 

    
X 

 Firm Age 

   
X 

    
X 

Industry FE 

    
X 

    Firm Trends 

     
X X X X 

          Observations 408,569 408,569 408,569 408,569 408,559 408,569 408,569 408,569 408,569 

R-squared 0.036 0.036 0.036 0.036 0.038 0.068 0.068 0.069 0.068 

Standard errors in parentheses 

       * p<0.05, ** p<0.01, *** p<0.001             
  

The dependent variable measures how much employment changes at a firm in a given year as a percent change. Emp. Shock% measures the industry shock in 

percent divided by 100 so that the coefficient on Emp. Shock % represents the effect of a 100% increase in industry employment. This is primarily cosmetic 

because the coefficients without this scaling are so small they are hard to compare to the interaction term. Each interaction term represents a measure of the tax 

increase from a 1% layoff on the per-employee tax bill times the employment shock.  



 

 

Table 3: Does Experience Rating Dampen Employment Shocks? 

  EmpΔ%   EmpΔ%   EmpΔ%   

  (1) (2) (3) 

    Kink 

Estimate 0.056 0.053 0.011 

 

[0.142] [0.267] [0.164] 

    Shock X X X 

Year FE X X X 

Linear X X X 

Quadratic 

 

X X 

    Observations 203,249 371,934 554,638 

Bandwidth 0.015 0.025 0.035 

R-squared 0.038 0.0366 0.033 

Standard errors in parentheses 

 * p<0.05, ** p<0.01, *** p<0.001 

 

Figure 12: Does Experience Rating Dampen Employment Shocks? 
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Tax Increases and Firm Employment 

 

Figure 13: Tax Rate Discontinuity 

 

 
 

Figure 14: No Evidence of Manipulation – Histogram 
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Figure 15: No Evidence of Manipulation – McCrary Test 
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Table 4a: RDD Chang, Hong, Liskovich (2014) Robustness 

  

Quarterly 

Hiring  

(1) 

Quarterly 

Hiring  

(2) 

Average 

Firm 

Size  

(3) 

Average 

Firm 

Size  

(4) 

Firm 

Exit 

Rate  

(5) 

Firm 

Exit 

Rate  

(6) 

       Estimated Discontinuity in 

FD 0.301*** -0.172 0.425 0.132 -0.024** -0.023** 

 

[0.075] [0.143] [0.824] [0.984] [0.009] [0.008] 

       Left Linear X X X X X X 

Right Linear X X X X X X 

Firm FE X X X X X X 

Left-Right Firms   X 

 
X 

 
X 

Right-Left Firms X 

 
X 

 
X 

 

       Observations 383855 280624 383855 280624 160793 323792 

Bandwidth 0.2 0.2 0.2 0.2 0.2 0.2 

Mean of dependent 

variable 1.808 1.808 21.55 21.55 0.161 0.161 
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Table 4b: Monte Carlo Simulation—RDD with Firm FE 

  Employment Employment Employment Employment 

  (1) (2) (3) (4) 

     Average Estimate  2.272***  -0.510***  -0.644***  -1.000*** 

Average SE [0.063] [0.024] [0.077] [0.023] 

     Bias 3.272 0.490 0.356 0.000 

     Firm FE 

 

X 

 

X 

Left Polynomial 

 

X X 

Right Polynomial 

 

X X 

     Simulations 10,000 10,000 10,000 10,000 

Observations per 

Simulation 10,000 10,000 10,000 10,000 

R-squared 0.496 0.701 0.789 0.94 
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Table 4c: Monte Carlo Simulation: RDD with Firm FE  

and Significant Heterogeneity 

  Employment Employment Employment Employment 

  (1) (2) (3) (4) 

     Rep Estimate 0.921  -.512*** 0.609  -1.001*** 

 

[1.135] [0.002] [1.955] [0.002] 

     Average Estimate 2.353  -0.510*** -0.583  -1.000*** 

Average SE [11.38] [0.024] [17.92] [0.023] 

     Bias 3.353 0.490 0.417 0.000 

     Firm FE 

 

X 

 

X 

Left Polynomial 

 

X X 

Right Polynomial 

 

X X 

     Simulations 10,000 10,000 10,000 10,000 

Observations per 

Simulation 10,000 10,000 10,000 10,000 

R-squared 0.000 0.094 0.000 0.504 
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Table 5: Baseline RDD Estimates 

  

Quarterly 

Hiring  

(1) 

Average 

Firm 

Size  

(2) 

Firm 

Exit Rate  

(3) 

    Estimated Discontinuity 0.339*** 0.561 -0.012* 

 

[0.073] [0.842] [0.005] 

    Lagged Estimated 

Discontinuity 0.163*** 0.747 -0.000 

 

[0.041] [0.600] [0.007] 

    Placebo Discontinuity 

(Future) -0.023 -0.265 0.007 

 

[0.144] [0.933] [0.004] 

    Left Polynomial X X X 

Right Polynomial X X X 

Firm FE X X X 

    Observations 812555 812555 841336 

Bandwidth 0.2 0.2 0.2 

Mean of dependent 

variable 1.808 21.55 0.161 
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Figure 16: Balance Evaluation 

 
(a) 

 
(b) 

 
(c) 
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Figure 17: RDD 

Outcome Figure 

(Tax Effect on Contemporaneous Outcome) 

Placebo Figure 

(Tax Effect on Past Outcome) 
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Figure 17(d). Event Time Effect of Tax Change on Hiring 

 

Figure 17(e): Hiring Effect and Bandwidth Robustness 
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Figure 17(f): Exit Effect and Bandwidth Robustness 

 

Table 6: Covariate Balance Test 

  

Predicted 

Quarterly 

Hiring  

(1) 

Predicted 

Average 

Firm 

Size  (2) 

Predicted 

Firm 

Exit Rate  

(3) 

    Estimated Discontinuity in 

FD -0.035 0.129 0.001 

 

[0.020] [0.09] [0.002] 

    Left Linear X X X 

Right Linear X X X 

Firm FD X X X 

    Observations 309754 309754 309754 

Bandwidth 0.100 0.100 0.100 

Mean of dependent 

variable 1.808 21.55 0.161 
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First-Differences Design 

 

Figure 18: First-Differences Variation  

 

 
 

Figure 19: Formula Change Shift 
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Table 5 

 

Change-in-Change using Minimum Rate Changes 

 

employment employment 

average 

wages 

average 

wages firm exit firm exit 

       $100 tax -0.238 -0.275 -55.3 -78.4 0.009 0.006 

(2013$) 

      Rob. SE 0.019 0.020 47.8 25.3 0.002 0.002 

       Time FE X X X X X X 

Firm FE X X X X X X 

Firm Trends X 

 

X 

 

X 

DV Mean 4.146 4.146 9630.1 9630.1 0.104 0.104 

sample 2,278,637 2,278,637 2,204,832 2,204,832 1,668,594 1,668,594 

R-squared 0.002 0.002 0.000 0.000 0.049 0.049 

 

 

Table 6 

 

Change-in-Change using Minimum Rate Changes (Placebo) 

 

employment employment 

average 

wages 

average 

wages 

firm 

exit 

firm 

exit 

       $100 tax 0.007 0.014 -20.6 -19.9 0 0 

(2013$) 

      Rob. SE 0.004 0.005 7.2 9.6 0 0 

       Time FE X X X X X X 

Firm FE X X X X X X 

Firm Trends X 

 

X 

 

X 

DV Mean 4.057 4.057 9812.4 9812.4 0.103 0.103 

sample 1,902,333 1,902,333 1,844,338 1,844,338 

  R-squared 0.003 0.003 0.000 0.000 . . 
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Figure 20 
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Regression Kink Design 

 

Figure 21 
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Figure 22 
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Figure 23 
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