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ABSTRACT

Eetu Koskinen: The effect of employment protection on firm behavior and performance
Master’s Thesis
Tampere University
Master of Science (Economics and Business Administration), Economics
May 2025

Stringent employment protection legislation makes existing employment contracts harder to
terminate but its welfare effects are ambiguous if it simultaneously reduces productivity or induces
firms to offer only fixed-term jobs. In this study, we examine how the reform in Cooperation Law
in 2008 affected firm behavior and performance using Statistics Finland micro data and a novel
administrative dataset on layoff negotiations. The Cooperation Law is composed of information-
sharing mandates and a special employment protection institution that requires firms to hold layoff
negotiations before they can furlough or dismiss workers. The theories of employment protection
suggest that limiting the firm’s choice set can never improve performance, whereas information-
sharing theories predict that introducing employees into the firm’s decision-making process leads
to more efficient use of information and increases productivity. The reform was applied to firms
with at least 20 employees but left firms with less than 20 workers unaffected, creating an ideal
setting for difference-in-differences design. Sectoral variation in collective bargaining agreements
allows us to decompose the total effects of the reform to employment protection and information-
sharing components.

We find no evidence that the reform affected employment flows or induced firms to substi-
tute furloughs for dismissals but a significant reduction in the average tenure lengths suggests
that some firms responded to the reform by increasing the use of fixed-term contracts. We find
null effects on firm survival and profitability but our preferred estimates report that the reform in-
creased labor productivity by 1.6%. We decompose the total productivity effect to individual effects
of employment protection and information-sharing exploiting that fact that construction firms are
partially exempt from the negotiation mandate. This decomposition suggests that the effect of em-
ployment protection on productivity may lie in the range from -4.8% to -1.0%, whereas the effect
of information-sharing could be in the range from 2.0% to 5.2%. Both effects are even more pro-
nounced after adjusting for take-up rates but the external validity of our findings remains uncertain
as the reform overlaps with the Global Financial Crisis.

Keywords: Employment protection legislation, information sharing, Cooperation Law, layoff nego-
tiations
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Tiukka irtisanomislainsäädäntö tekee olemassa olevien työsuhteiden irtisanomisesta vaikeam-
paa, mutta sen hyvinvointivaikutukset ovat epäselvät, jos se samaan aikaan vähentää tuottavuutta
tai saa yritykset tarjoamaan vain määräaikaista työtä. Tässä tutkielmassa tutkitaan, kuinka muutos
yhteistoimintalaissa vuonna 2008 vaikutti yritysten käyttäytymiseen ja suoriutumiseen käyttämäl-
lä Tilastokeskuksen mikroaineistoja sekä uutta rekisteriaineistoa yt-neuvotteluista. Yhteistoimin-
talaki koostuu informaation jakamiseen liittyvistä velvoitteista sekä erityisestä irtisanomissuojaa
parantavasta instituutiosta, joka edellyttää yrityksiä käymään läpi yhteistoimintaneuvottelut ennen
työvoiman käytön vähentämistä. Irtisanomissuojaa käsittelevien teorioiden mukaan yrityksen va-
lintajoukon rajoittaminen ei voi johtaa parempaan suoriutumiseen, kun taas informaation jakamista
koskevat teoriat ennustavat, että työtekijöiden ottaminen mukaan päätöksentekoon johtaa tehok-
kaampaan informaation käyttöön ja kasvattaa tuottavuutta. Muutos laajensi lain soveltamisalaa
vähintään 20 hengen yrityksiin mutta jätti alle 20 hengen yritykset lain ulkopuolelle, mikä luo so-
pivan asetelman difference-in-differences-menetelmän soveltamiselle. Lain kokonaisvaikutukset
hajotetaan irtisanomissuojaan ja informaation jakamiseen liittyviin osiin hyödyntämällä toimiala-
kohtaista vaihtelua työehtosopimuksissa.

Tulosten mukaan reformi ei vaikuttanut työntekijöiden virtoihin tai saanut yrityksiä korvaamaan
irtisanomisia lomautuksilla, mutta merkittävä vähentyminen työsuhteiden keskimääräisessä pituu-
dessa viittaa siihen, että jotkut yritykset lisäsivät määräaikaisten työsuhteiden käyttöä. Näyttöä
vaikutuksista yritysten selviytymiseen tai voittomarginaaliin ei löydy, mutta parhaan mallin mu-
kaan lakimuutos kasvatti tuottavuutta noin 1,6 %. Kokonaisvaikutus tuottavuudessa hajotetaan
irtisanomissuojaan ja informaation jakaamiseen liittyviin osiin käyttämällä hyväksi rakennusyritys-
ten osittaista vapautusta neuvotteluvelvoitteesta. Hajotelman mukaan irtisanomissuojan vaikutus
tuottavuuteen saattaa olla -4,8 % ja -1,0 % välillä, kun taas informaation jakamisen vaikutus saat-
taa olla 2,0 % ja 5,2 % välillä. Molemmat vaikutukset ovat vieläkin voimakkaammat, kun yritysten
pysyminen lain piirissä otetaan huomioon, mutta tulosten ulkoinen validiteetti on epävarmaa, sillä
lakimuutos osuu samaan aikaan finanssikriisin kanssa.

Avainsanat: Irtisanomissuoja, informaation jakaminen, yhteistoimintalaki yt-neuvottelut

Tämän julkaisun alkuperäisyys on tarkastettu Turnitin OriginalityCheck -ohjelmalla.
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NOTATION

R Real numbers

x vector of inputs

w vector of input prices

q quantity of the output

ϕ(x) production function

p price of the output

ITT Intention-to-treat

LATE Local average treatment effect

TSL Työsopimuslaki (55/2001)

YTL07 Laki yhteistoiminnasta yrityksissä (334/2007)

YTL78 Laki yhteistoiminnasta yrityksissä (725/1978)

EP Employment protection
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1. INTRODUCTION

Employment protection legislation – or the regulation governing the formation and termi-

nation of employment contracts – plays an essential role in any fair and well-functioning

economy (OECD, 2020). Employment protection legislation has been a subject of con-

siderable interest among economists because it affects every participant in the labor mar-

ket, although the direction and magnitude of these effects remain often highly unclear

(Bjuggren, 2018, p. 138). Workers benefit from employment protection through increased

job security, but people seeking for a job may be harmed by it if stringent labor regula-

tion makes unemployment spells longer or incentivizes employers to offer only fixed-term

contracts. Similarly, firms may profit from employment protection if job stability transfers

into worker productivity but incur losses if strict regulation prevents them from making

optimal choices. In this study, I examine how firms reacted to the reform in Finnish Coop-

eration Law in 2008 that introduced additional employment protection to workers in firms

with 20-29 employees but left firms with less than 20 workers unaffected, creating an

ideal setting for difference-in-differences estimation. The causal effects are estimated for

multiple outcome variables that are constructed using Statistics Finland micro data and

a novel administrative data set on layoff negotiations. We conceptualize firm behavior as

labor adjustment decisions, such as choices to hire or furlough workers, and study firm

performance by examining the responses at the firm survival, profitability, and productivity

margins.

The reform in the Cooperation Law was passed in June 2007 and came fully into force in

January 2008. The reform reorganized the law thoroughly improving its clarity and also

widened the law’s scope from firms with at least 30 employees to firms with at least 20 em-

ployees. A special feature of employment protection legislation is that it is often bundled

together with other similar regulation, such as information-sharing or board representa-

tion mandates (Harju, Jäger, & Schoefer, 2021, p. 1). Finnish Cooperation Law follows the

same pattern as it is composed of employment protection and information-sharing obli-

gations. The specific employment protection institution that the law establishes is called

in this study the ’layoff negotiation mandate’ (yt-neuvottelut) as it requires firms with 20-

29 employees to engage in a strictly regulated two-week negotiation process before they

can dismiss or furlough any workers for economic reasons. The information-sharing man-

dates in the Cooperation Law state that firms with at least 20 workers have to inform their
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employees on various issues, such as wages, employment policies, and possible reor-

ganization of work. This study also identifies the major collective bargaining agreements

(CBAs) applied in the sample firms to account for the additional employment protection

regulation imposed in CBAs. This makes the institutional setting substantially more com-

prehensive than in many other studies because the regulation coming from CBAs is often

dismissed without further discussion. Analysis of the reform in 2008 is also very relevant

as the present government is going to relax employment protection regulation substan-

tially by loosing the grounds of lawful dismissals, increasing the threshold for applying the

Cooperation Law from 20 to 50 employees, and shortening the minimum layoff negotiation

times (Hallitusohjelma, 2023, p. 63).

Theoretical study of employment protection has proposed various mechanisms of how hir-

ing and dismissal regulation could affect firm performance. The benchmark argument de-

rived from neoclassical firm theory states that optimizing firms have revealed their profit-

maximizing strategy by not forming employment protection institutions, suggesting that

limiting the firm’s choice set of feasible adjustment decisions can never improve perfor-

mance (see Appendix A for a review of neoclassical firm theory). Similarly, matching mod-

els that integrate uncertainty into the analysis predict that employment protection reduces

the firm’s reservation productivity, leading the firm to accept smaller draws from the pro-

ductivity distribution before engaging in labor adjustment (Cahuc, Carcillo, & Zylberberg,

2014, pp. 863–864). However, these theories do not take into account that employment

protection also changes employee behavior, which can potentially boost productivity. In-

creased job stability may incentivize workers to invest in firm-specific human capital and

result in improved performance (Bjuggren, 2018, p. 138). Employment protection can also

improve productivity through better motivation and job satisfaction, although the effect on

well-being may be negative if firms try to bypass the employment protection measures by

harassing their workers until they resign voluntarily (Wasmer, 2006, p. 2).

Although there are some studies on employment protection and firm performance, only

a few of them employ robust causal settings. Keskinen (2017) studies the same Coop-

eration Law reform and finds that the reform reduced employment flows by 4-7% but did

not affect productivity or profitability. Bjuggren (2018) studies a reform in the Swedish

labor law that granted firms with less that 11 employees a partial exemption from the last-

in-first-out (LIFO) rule, so that the firms could choose the dismissed worker among the

three last entrants to the firm, instead of being forced to mechanically choose the worker

with the shortest tenure. Using difference-in-differences Bjuggren (2018) finds that the

LIFO exemption increased productivity by 2-3% in the affected firms. Bottasso, Conti,

and Sulis (2017) examine the effects of employment protection on firm entry and exit

rates using cross-country data on OECD firms and find that stringent labor regulation re-

duces both entry and exit rates. Harju, Jäger, and Schoefer (2021) analyze the effects of

a Finnish reform that created a pure information-sharing institution by mandating worker
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board representation in firms with at least 150 workers and find that the reform increased

productivity by 4-6%.

Our empirical analysis is based on detailed Statistics Finland micro data that is linked

with a novel administrative dataset on layoff negotiations. We estimate the intention-to-

treat (ITT) with difference-in-differences using firms that had 20-29 workers in 2005 as the

treatment group and firms with 10-19 employees in 2005 as the control group. To account

for the fact that firms move below and above the threshold of 20 employees, we estimate

the local average treatment effect (LATE) using the firm size in 2005 as an instrument. We

find no evidence that the reform affected employment flows or induced firms to substitute

furloughs for dismissals but a significant reduction in the average tenure lengths suggests

that some firms responded to the reform by increasing the use of fixed-term contracts.

We find null effects on firm survival and profitability but our preferred estimates report that

the reform increased labor productivity by 1.6%. We decompose the total productivity

effect to individual effects of employment protection and information-sharing exploiting

that fact that construction firms are partially exempt from the negotiation mandate. This

decomposition suggests that the effect of employment protection on productivity may lie

in the range from -4.8% to -1.0%, whereas the effect of information-sharing could be in

the range from 2.0% to 5.2%. Both effects are even more pronounced if we adjust for

take-up rates and keep in mind that partial exposure to employment protection may mute

the true information-sharing effects. However, the external validity of our findings remains

uncertain as the reform overlaps with the Global Financial Crisis.

The rest of this study proceeds as follows. Section 2 introduces the institutional setting

and compares the Finnish employment protection regulation with that of the reference

countries. Section 3 lays out the conceptual framework and analyzes the effects of em-

ployment protection using static and dynamic models of labor demand. Section 4 reviews

the relevant literature and formulates the hypotheses. Section 5 describes the data and

outlines our empirical strategy. Section 6 reports the empirical results and Section 7

concludes. Additional tables, graphs, and results are presented in the two Appendices.
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2. INSTITUTIONAL SETTING

2.1 Employment protection regulation in Finland

There are three main sources of Finnish employment protection regulation: The Employ-

ment Contracts Act (Työsopimuslaki 55/2001) provides the general regulatory framework

that is applied to almost all employment contracts. The Law on Cooperation within Enter-

prises (Laki yhteistoiminnasta yrityksissä 334/2007) requires that firms of a specific size

have to initiate a formal negotiation process before they can reduce the use of labor.

Collective Bargaining Agreements (CBAs) are agreements between trade unions and

employers’ organizations where many important economic variables such as minimum

wages and rules for sick leave payments are laid out. CBAs can also override certain

parts of the Employment Contracts Act and the Law on Cooperation within Enterprises.

2.1.1 Employment Contracts Act

The first chapters of the Employment Contracts Act define the scope of the law and the

general obligations of employers and employees. The first two sections state that the law

is applied to all employment contracts except for civil servants and a few other special

cases (Työsopimuslaki 55/2001, Chapter 1, 1 § and 2 §). As Äimälä and Kärkkäinen

(2017, pp. 22–23, 48) specify that these special cases include such issues as maritime

labor and CEOs, we can conclude that the Employment Contracts Act is applied to all

employment contracts within the scope of this study. The third section states that the em-

ployment contracts can be permanent or, for a justified reason, fixed-term (Työsopimuslaki

55/2001, Chapter 1, 3 §). The distinction between permanent and fixed-term contracts

is important because employees under fixed-term contracts can be dismissed only under

very extraordinary circumstances.

The Finnish labor law distinguishes between two types of dismissals. The first type

can be called ordinary termination of the employment contract (työsuhteen irtisanominen)

and regulation for this kind of dismissal is presented in chapters 6 and 7 of the Employ-

ment Contracts Act. The Act states that ordinary terminations can be applied only to per-

manent contracts (Työsopimuslaki 55/2001, Chapter 6, 1 §) and they can only be invoked

for a serious and justified reason (Työsopimuslaki 55/2001, Chapter 7, 1 §). Employees

can be dismissed either for personal reasons, such as poor performance, (Työsopimus-
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laki 55/2001, Chapter 7, 2 §) or for economic reasons when the demand for labor has

decreased significantly and permanently (Työsopimuslaki 55/2001, Chapter 7, 3 §). The

Act also grants special employment protection to employees who are pregnant, who are

in parental leave or who work as the employees’ representative by explicitly prohibiting

their dismissal (Työsopimuslaki 55/2001, Chapter 7, 9 and 10 §). Regardless of the rea-

son for dismissal, employers are required give the dismissed employees a notice period

of 2 weeks to 6 months before the dismissal can take effect (Työsopimuslaki 55/2001,

Chapter 6, 3 §). The duration of notice increases gradually with tenure length and the

rules for calculating the length of the notice period are given in Table 2.1:

Tenure length Notice period

< 1 year 2 weeks

1 year 1 month

4 years 2 months

8 years 4 months

12 years 6 months

Table 2.1. Notice periods (Työsopimuslaki 55/2001, Chapter 6, 3 §).

Table 2.1 shows that tenures shorter than 1 year grant only 2 weeks of notice, whereas

tenures of at least 12 years yield a notice period of 6 months. Six months is also the

maximum length of a notice and it cannot be overridden with employment contracts or

CBAs (Työsopimuslaki 55/2001, Chapter 6, 2 §). During the notice period, dismissed

employees can be required to work or they can be released from their duties (Äimälä &

Kärkkäinen, 2017, p. 435). If the employee quits voluntarily, he has to serve a 14-day

notice period if the tenure was less than 5 year, and 1 month otherwise (Työsopimuslaki

55/2001, Chapter 6, 3 §).

In addition to notice periods, the Act requires employers also to offer dismissed work-

ers some other benefits as well. If the employer considers employing similar labor after

the dismissal, they have an obligation to rehire the dismissed worker during the following

9 months from the termination (Työsopimuslaki 55/2001, Chapter 6, 6 §). Starting from

July 2005, dismissed workers have also a right to paid ’employment leave’ which they can

use to attend re-employment services during the working hours. The employment leave

takes place during the notice period and lasts between 5 to 20 days, depending on the

length of the notice. (Työsopimuslaki 55/2001, Chapter 7, 12 §).

The second type of a dismissal can be called immediate termination of the employ-

ment contract (työsuhteen purkaminen) and it can be invoked only under extraordinary

circumstances, such as severe neglect of work (Äimälä & Kärkkäinen, 2017, p. 383). No-

tice periods and other benefits are not applied to immediately terminated contracts (Työ-

sopimuslaki 55/2001, Chapter 8, 1 §). Äimälä and Kärkkäinen (2017, p. 383) point out

that employees under fixed-term contracts are very difficult to dismiss because fixed-term
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contracts cannot be dismissed using the ordinary way and because economic reasons

are never enough to invoke the immediate termination. The fact that poor economic sit-

uation can never trigger the immediate termination means also that employees laid off in

layoff negotiations are always fully entitled to their notice periods and other benefits such

as employer’s obligation to rehire.

The Employment Contracts Act provides also the legislative framework for tempo-

rary furloughs. Furloughs are defined as temporary periods during which wage payments

are halted and employees are released from their duty to work (Työsopimuslaki 55/2001,

Chapter 5, 1 §). As in the case of the ordinary dismissal, the employer has a right to

furlough if the criteria for ’economic reasons’ are met but in this case the reduction in

labor demand does not need to be permanent (Työsopimuslaki 55/2001, Chapter 5, 2 §).

Employees under fixed-term contracts can be furloughed only if they are substituting for a

permanent employee and the employer has a right to furlough that permanent employee

(Työsopimuslaki 55/2001, Chapter 5, 2 §). The rules for furlough spell duration are flexible

and somewhat vague. Äimälä and Kärkkäinen (2017, p. 354) state that if the reduction in

labor demand is permanent and thus the criteria for ordinary dismissal are met, the fur-

lough can last far above 90 days. Otherwise, if the reduction in labor demand is temporary,

the maximum length is around 90 days, with some flexibility (Äimälä & Kärkkäinen, 2017,

pp. 354–355). If the furlough spell has lasted continuously for at least 200 days and the

furloughed worker resigns, he or she is entitled to a severance payment that is equal to

the wage for notice period whose length is given in Table 2.1 (Äimälä & Kärkkäinen, 2017,

pp. 372–373). The furlough takes effect after 2 weeks of furlough notice (Työsopimuslaki

55/2001, Chapter 5, 4 §). Wage is paid normally for the furlough notice period (Äimälä &

Kärkkäinen, 2017, p. 367) and during the furlough, the furloughed employees can receive

unemployment benefits as long as the normal eligibility criteria are met (Kyyrä, Pesola, &

Rissanen, 2017, p. 4).

2.1.2 Layoff negotiation system

The another major piece of Finnish employment protection legislation is the Law on

Cooperation within Enterprises (Laki yhteistoiminnasta yrityksissä 334/2007, henceforth

YTL07) whose objective is to maintain good labor relations through cooperation, nego-

tiation, and information-sharing in the workplace (Äimälä, 2015, p. 15). The Coopera-

tion Law can be loosely decomposed into information-sharing and negotiation obligations

(Äimälä, 2015, p. 17) and the layoff negotiation system is a specific subset of the wider

negotiation framework that requires the firms within the scope of the law to initiate a struc-

tured negotiation process before they can reduce the use of labor. For clarity, the term

’layoff negotiations’ will be used throughout this study to refer to this particular employ-

ment protection institution in contrast to the other negotiation obligations laid out in the

Cooperation Law, collectively called in this study ’other negotiation procedures’.
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The first version of the Cooperation Law was passed in 1978 (Laki yhteistoiminnasta

yrityksissä 725/1978, henceforth YTL78) and it remained in effect until the new version of

the law came into force in 2007 (Äimälä, 2015, p. 18). Both versions of the law share the

same objective of promoting negotiation, worker-representation, and cooperation within

firms (YTL78, 1 §). The first version of the law was applied to firms with at least 30 em-

ployees throughout its enforcement (YTL78, 2 §), but it did not contain any regulation on

layoff negotiation times before 1988 when the minimum negotiation length was set to 7

days generally and 3 months if the plan was to dismiss at least 10 workers or furlough

at least 10 workers for over 90 days (L. YTL:n muuttamisesta 724/1988, 8 §). In 1993,

another reform required that firms with 20− 29 employees had to engage in the 3-month

negotiation process if their planned dismissals or long furloughs exceeded the 10 worker

threshold (L. YTL:n muuttamisesta 236/1993, 2 §). Yet another reform in 1996 halved

the minimum length of 3-month negotiations to 6 weeks without changing the triggering

condition of at least 10 dismissals or long furloughs (L. YTL:n muuttamisesta 906/1996,

8 §). The original law contained also information-sharing elements, such as an obliga-

tion to inform employees about any implementation of new machines or procedures that

might affect the employment of labor (YTL78, 6 §). There were also regulation on other

negotiation procedures, with the most important being a requirement to craft a plan for

personnel policy and training, and an obligation to promulgate it in a short negotiation-

procedure with the firm’s employees (YTL78, 6 b §). However, the exact details of these

information-sharing and negotiation obligations changed repeatedly over time as the law

was revised and new amendments were passed, ultimately resulting in a bloated law that

called for a fundamental revision (Äimälä, 2015, p. 18).

In 2007, the Cooperation framework underwent a major reform when a new version

of the Cooperation Law was passed. The government’s proposal states that the main

reasons behind the reform were a need to modernize the original 1978 law and to make

it easier to interpret (Hallituksen esitys, 2006, p. 7). In addition to these modernizing

and restructuring efforts, the coverage of the new law was broadened by dropping the

application threshold from 30 employees to firms with at least 20 employees (YTL07, 2

§). 20 employees is also the strictest level permitted by the EU directive governing the

information-sharing side of Cooperation policies (2002/14/EC).1 The new law came into

effect in July 2007 with a 6-month transition period for firms with 20 − 29 employees, so

that it came fully into force in January 2008 (YTL07, 10:68–69 §). The criterion for the

law’s application is simply the number of employees in a given firm regardless of their

part-time status or plant where they operate (Äimälä, 2015, p. 38). As seasonal fluc-

tuations in the worker count generate some ambiguity to the application status, Äimälä

(2015, p. 39) recommends a rule of thumb according to which a firm is in the scope of the

1It is worth to mention that the recital (19) of the directive explicitly admits that Cooperation legislation
may hinder firm performance. The same recital also states that the directive’s applicability must be limited
to firms or plants of certain size for this reason. (2002/14/EC.)
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law if the number of employees exceeds 20 for 6 months in a year. The minimum time for

layoff negotiations was also increased from 7 to 14 days, but firms with 20−29 employees

were now exempted from stricter, 6-week negotiations when the plan would affect at least

10 workers (YTL07, 8:51 §). The information-sharing duties in the reformed legislation

were quite similar with the previous iteration of the Cooperation Law, but the new rules

were substantially more detailed. The employees had a right to receive information on,

for example, the general economic standing of the firm (YTL07, 3:10 §), wages (YTL07,

3:11 §), and the use of outsourcing and staffing services (YTL07, 3:13 §). The negotia-

tion obligations were again split to short, less-structured negotiations where minor issues

of reorganization of work had to be resolved, and to longer, strictly regulated layoff ne-

gotiations that had to be conducted before the firm could dismiss or furlough employees

(YTL07, Chapters 6 & 8).

The layoff negotiation process is summarized in Figure 2.1. The first panel of Figure

2.1 shows that firms with under 20 employees are not subjected to the Cooperation Law

and they can freely furlough and dismiss workers without negotiations, provided that the

Employment Contracts Act is not violated. The middle panel of Figure 2.1 shows that

firms with 20− 29 employees are within the scope of the law but enjoy relaxed obligation

to negotiate. For them, the plan to dismiss or furlough any number of workers for eco-

nomic reasons must be accompanied by at least two weeks of negotiations. In contrast,

firms with at least 30 employees face a choice between shorter and longer negotiations,

depending on the planned size of their labor adjustment. Furloughing any number of

workers for at most 90 days, furloughing 1-9 workers for over 90 days, or dismissing 1-9

workers results in negotiations lasting at least two weeks. On the other hand, the plan

to dismiss at least 10 workers or furlough at least 10 workers for over 90 days must be

followed with at least six weeks of negotiations before the adjustment can take place.

The 6-week negotiations are illustrated in the rightmost panel of Figure 2.1. (YTL07, 8:51

§.) Normal notice periods are granted to the adjusted workers, regardless of whether the

firms are within the scope of the law or not. A simple calculation based on the Figure 2.1

yields that the shortest time before a decision to furlough 10 workers for 100 days can

take place is 2 weeks in firms with under 20 employees, 1 month in firms with 20−29 em-

ployees, and 2 months in firms with at least 30 employees. The negotiating parties may

also reach an agreement and end the negotiations before the minimum time has passed

(YTL07, 8:51 §), but this may be rare as prolonging negotiations usually benefits workers

by granting them more time to prepare for layoffs. It must be also noted that the layoff

negotiation process generally applies only to tenured employees as workers under fixed-

term contracts can be dismissed or furloughed only under very narrow circumstances

(see Section 2.1.1).

The proposal to expand the scope of the Cooperation Law to firms with at least 20

employees prompted vehement opposition among small and medium-sized firms. A sur-

vey conducted by the association of Finnish entrepreneurs revealed that 98% of firms
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Figure 2.1. Graphical summary of the Finnish layoff negotiation system (YTL07, 8:51 §).

with 10− 29 employees were against the reform, whereas only 2% supported it (Suomen

Yrittäjät, 2007, p. 3). According to the same survey, 78% of firms with 10− 19 employees

stated that the law would hinder their plans to hire the 20th employee, whereas 21% said

that it would not affect their hiring decisions and 1% claimed that the law would encour-

age them to hire more (Suomen Yrittäjät, 2007, p. 4). When inquired of how much the

new Cooperation Law would cost each year, 10% of firms with 20 − 29 employees an-

swered that the cost increase would be under 1000 euros annually, while 35% stated that

the cost would be around 1000 − 2999 euros and 24% believed that the cost would ex-

ceed 5000 euros (Suomen Yrittäjät, 2007, p. 4). A follow-up survey confirmed that these

beliefs were largely accurate as 40% of the same-sized firms reported an annual cost in-

crease of 1000−2999 euros due to the reform (Suomen Yrittäjät, 2010, p. 17). The same

follow-up survey suggests also that firms close to the threshold adjusted their behavior

trying to avoid the Cooperation Law: In 2010 around 60% of firms with 15 − 19 workers

stated that the reform had affected the structure of their firm (Suomen Yrittäjät, 2010,

p. 19). The most common adjustments to the firm structure were increased uses of out-

sourcing (63%) and staffing services (35%) (Suomen Yrittäjät, 2010, p. 20). Overall, the

general sentiment about the new Cooperation Law was negative as 52% of the respon-

dents thought that the law resulted in greater cost than benefit, while only 6% claimed the
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opposite (Suomen Yrittäjät, 2010, p. 17).

2.1.3 Collective bargaining agreements

Employers’ representatives and trade unions have substantial freedom to change the

aforementioned employment protection institutions with collective bargaining agreements

(CBAs). The Employment Contracts Act states that CBAs can override the rules for notice

periods, the obligation to rehire, the conditions under which firms can furlough, and fur-

lough notice lengths (Työsopimuslaki 55/2001, Chapter 13, 7 §). However, the maximum

notice of 6 months cannot be overridden with CBAs (Työsopimuslaki 55/2001, Chapter 6,

2 §) and the conditions under which firms can dismiss cannot be changed (Työsopimus-

laki 55/2001, Chapter 13, 7 §). The Cooperation Law grants similarly extensive free-

dom to modify the Cooperation framework. The bargaining parties may agree to override

the whole layoff negotiation process and the information-sharing duties, but they cannot

change the scope of the Cooperation Law (YTL07, 9:61 §).

Although the CBAs can potentially override much of the introduced employment pro-

tection legislation, there are at least two reasons why this does not threaten the validity of

our design. First, the reform in Cooperation Law was strongly supported by trade unions

(see for example YLE 2.11.2006) and thus it is unlikely that the workers’ representatives

would have easily agreed to overturn the Cooperation reform with CBAs. Second, even

if the standard employment protection and cooperation frameworks are modified in some

CBAs, the balanced industry distribution between control and treatment groups ensures

that there is no systematic difference in the firms’ exposure to different CBAs based on

their treatment status. To further support the assumption that the regulation coming from

CBAs does not compromise our design, I identify and systematically review ten CBAs

with the widest coverage of employees in our sample of 10 − 29 -worker firms.2 The

identification of CBAs is conducted by first linking the firms in our sample to the Structure

of Earnings Statistics (SES) data. The SES dataset is employee-level longitudinal data

with linked firm information and it is formed by first collecting data from organized firms

through employer’s organizations and then increasing the coverage by surveying a ran-

dom sample of unorganized firms (Statistics Finland, 2025). In total, around 27% of the

10075 firms in our sample appears in the SES data and there is no difference by treat-

ment status. The next step to identify CBAs is to use the CBA category variable in the

SES data. As the category variable does not uniquely identify different CBAs, the actual

agreements are found by first selecting a candidate agreement with the widest total cov-

erage within each CBA category as reported in Ahtiainen (2011) and Ahtiainen (2016).

Then the selected candidate CBAs are read to obtain information on their scope and that

2Employee coverage is the best approach to measure the significance of a CBA. Calculating, for exam-
ple, the share of firms applying a certain CBA would not take into account that some CBAs cover much
more workers than others. The balanced CBA exposure between groups ensures that the greater average
number of employees in treatment group does not bias the identification of CBAs with the widest coverage.
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information is used to identify the CBAs in the SES data with the help of industry and

occupational codes. Old CBAs are archived in the Finnish Ministry of Social Affairs and

Health, from which they are available on request. Unfortunately, the collection of CBAs

used in this review starts from 2010, but this may not be an issue because the regula-

tion within CBAs seems not to vary over time. After identifying the ten CBAs with the

widest coverage in our sample, the agreements are reviewed to see if they override the

regulation of notice periods, furlough criteria, furlough notice, layoff negotiation process,

or information-sharing duties. The results of this review are presented in Appendix Table

B.1.

The first column of Table B.1 reports the reviewed CBAs, sorted by the share of em-

ployees under their coverage. The agreement with the widest coverage is the CBA of the

retail sector, followed by the hotel and restaurant sector and property services. In total,

65% of the firms in our sample appearing in the SES data had at least one employee un-

der some of the reviewed CBAs. The share of employees presented in the seventh column

is calculated as an annual average of the share of employees under a certain agreement

when the baseline is the total number of employees in the sample firms found in the SES

data. The number in parentheses is the average share of employees under a given CBA

calculated from the total population of private sector employees as reported in Ahtiainen

(2011) and Ahtiainen (2016). A comparison of these shares shows that the technology

industry is underrepresented in our sample, whereas other sectors are overrepresented

in varying degrees. Summing the shares shows that around 61% of the employees found

in the SES sample of our firms are covered by these ten agreements. Columns from two

to six summarize the employment protection and cooperation regulation laid out in the

major CBAs. Six out of ten CBAs leave the EP and cooperation frameworks completely

unchanged. All of them, however, explicitly restate the notice and furlough rules in the

same form as they are presented in the legislation. This is an advantage for our study

design as Äimälä and Kärkkäinen (2017, p. 432) explain that this practice prevents over-

riding notice and furlough rules with individual work contracts. Hotel and restaurant sector

has a slightly modified notice schedule starting from increased 1 month notice and end-

ing in shorter that usual 4 month notice. IT sector has added some additional reporting

requirements to the layoff negotiation process but the negotiation times remain standard.

In contrast, the house building and infrastructure construction sectors have shorter notice

periods starting from 2 weeks and ending in 2.5 months, relaxed furlough rules, and a

special provision that gives firms the freedom to skip layoff negotiations if the need for

adjustment is due to normal fluctuations in demand. Within CBAs, the regulation remains

constant over time and none of the reviewed CBAs overturn information-sharing duties.

In conclusion, the review of the major CBAs supports the assumption that regulation

coming from collective bargaining agreements does not threaten the validity of our study

design. The fact that the two construction sectors have relaxed employment protection

rules may attenuate the estimated causal effects, but the balanced exposure to these sec-
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tors between control and treatment groups guarantees that the estimated effects are not

biased. The variation coming from construction sector CBAs is also used to decompose

the estimated causal effects. In an unreported table the firms appearing in the SES data

are compared to the other firms in our sample. As the firms in the SES data seem to be

a representative subset of the general sample, these conclusions can be extended to the

entire population of firms in our full sample. A limitation of this review is that the stud-

ied CBAs do not cover the whole study period, but as there is no evidence of regulation

varying over time within agreements, this is unlikely to be a major issue.

2.1.4 Compliance and international comparison

Identification of the causal effects of the new Cooperation Law requires that the affected

firms comply with the reformed legislation. Äimälä (2015, p. 257) explains that there

are three kinds of consequences for non-complying firms: Firms that neglect the layoff

negotiation process either totally or partially must pay the affected employees monetary

compensation up to 30 000 euros, depending on the degree of negligence (YTL07, 9:62

§). Failure to comply with the information-sharing duties results in a fine (YTL07, 9:67 §),

which the employers’ representative must pay personally (Äimälä, 2015, pp. 261–262).

If the neglect of certain information-sharing duties is prolonged, the local court can im-

pose a default fine that must be paid in case the non-compliance continues (YTL07, 9:64

§). Public statistics are available only for the second-mentioned neglect of information-

sharing duties sanctioned with a normal fine. This is because the second-mentioned act

is a criminal offense, whereas the two other violations are civil law cases (Äimälä, 2015,

p. 257). In 2008–2015, only 6 persons were fined for violating the Cooperation Law3,

suggesting that non-compliance is very rare (Statistics Finland, 2021)4. Additionally, the

follow-up survey discussed in Section 2.1.2 indicates that 90% of firms with 20− 29 em-

ployees were familiar with the new Cooperation Law in 2010 (Suomen Yrittäjät, 2010,

p. 4). Although this rises some questions of how the remaining 10% of firms were com-

plying with the new law, the overall level of compliance seems to be high. Taken together,

these facts suggest that non-compliance is not a significant problem that could undermine

our causal design.

OECD has developed several quantitative indicators to measure the strictness of em-

ployment protection legislation and they can be used to compare Finnish regulation to that

of other countries. The first version of the indicator provides a comprehensive summary

on how strictly individual dismissals and temporary work contracts are regulated. The

dimensions that measure the regulation of individual dismissals include the overall com-

plexity of the termination process, length of the notice period, generosity of the severance

3The crime is called yhteistoimintavelvoitteen rikkominen in Finnish.
4The specific databases used are Rangaistukset rikoksittain, 2005-2009 (käräjäoikeudet ja hovioikeus

ensimmäisenä oikeusasteena) and Rangaistukset rikoksittain, 2009-2018 (käräjäoikeudet ja hovioikeus en-
simmäisenä oikeusasteena).
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Figure 2.2. Employment protection legislation in OECD countries in 2008 (OECD, 2025).

pay, definition of unfair dismissals, and the existence of reinstatement mandate (OECD,

1999, pp. 54–58). The variables that are used to estimate the rigidity of temporary work

regulation include the number and cumulative duration of fixed-term contracts as well as

the rules governing staffing services (OECD, 1999, pp. 59–62). However, the first ver-

sion of the indicator did not adequately take into account that many countries impose

additional restrictions to collective dismissals. To address this issue, OECD developed

a second version of the indicator that is better equipped to capture the strictness of col-

lective dismissal regulation. The parameters that are considered in the second indicator

include the threshold that triggers the collective dismissal regulation, additional delays

or notification requirements that collective dismissals require, along with the extra costs

that the process incurs (OECD, 1999, pp. 64–65). Over time, OECD has refined these

indicators, adding for example the enforcement of dismissal regulation into the list of pa-

rameters (OECD, 2020, p. 169). This review will, however, use only the first two versions

of the indicators, because they are the only measures that cover the whole study period.

Figure 2.2 reports the extent of employment protection regulation in OECD countries

in 2008, after the reformed Cooperation Law had come into effect. The horizontal axis

presents the individual dismissal regulation, which is measured by the first version of the

OECD indicator. The vertical axis reports the collective dismissal regulation that comes

on top of the individual dismissal regulation and it is measured by the second version

of the indicator. Both measures use a scale of 0 to 6 and the dashed lines show the

OECD averages across both dimensions. The first interesting patter that emerges from

Figure 2.2 is found on the bottom left quadrant. The USA, the United Kingdom, and

other English-speaking countries that practice common law are clustered in the below-
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average part of the both axes. In contrast, many countries in Southern and Central Europe

are clustered to the top right quadrant that indicates above-average regulation in both

dismissal dimensions.

Finland is placed on the bottom left quadrant, suggesting that the Finnish employ-

ment protection regulation is closer to the Common law model than the Central European

legislation. In terms of collective dismissals, Finland has the second most permissive

legislation, coming only after New Zealand for which the indicators report no collective

dismissal regulation at all. This result should not probably be interpreted as implying that

Finland has especially lenient dismissal regulation, but perhaps more like that the Finnish

employment protection legislation is quite strict, even though other OECD countries may

have even stricter legislations. Another explanation for this result is that the individual dis-

missal indicator may not capture all intricacies of the Finnish system. The indicator gives

more weight to the breadth of the legislation than the depth of its individual components.

So although Finland receives quite high scores on the difficulty and delay of dismissals,

the absence of severance payments and reinstatement rules skews the summary score

downward, effectively leading into an underestimation of the strictness of Finnish legisla-

tion.

Qualitative comparisons can be made by introducing the employment protection in-

stitutions in relevant reference countries. In Sweden, the most distinctive employment

protection instrument is the institutionalized "last in, first out" -rule (LIFO). The LIFO rule

is applied when firms reduce employment for economic reasons and it states that firms

must dismiss workers with the shortest tenure first. Tenures are calculated from accumu-

lated establishment-specific experience so that breaks in tenure do not reset the counter.

If two workers have equal tenures in the same establishment, the youngest worker is

dismissed first. Firms have also a nine month recall mandate so that the vacancies are

offered first to the dismissed workers, again giving the highest priority to workers with the

longest tenures. (Bjuggren, 2018, p. 139.) Additional employment protection rules, such

as severance payments, are introduced in CBAs (Saez, Schoefer, & Seim, 2023, p. 10).

The Danish flexicurity tries to integrate the opposing interests of employees and em-

ployers by giving firms flexible labor adjustment rules and compensating that to workers

with generous unemployment benefits. As high replacement rates up to 90% may distort

the incentives to search for a new job, the unemployment benefits are granted conditional

upon participating in activation and training programs. The general idea behind flexicurity

is to shift focus from job security to employment security so that labor would flow more

smoothly between firms without employees being too tied to specific jobs. However, the

idea of flexicurity became questioned after the Financial Crisis as unemployment bene-

fits were reduced, the length of unemployment spells increased, and workers started to

demand for better employment protection. This demand was met with small increases

in job security, but despite that Denmark remains as one of the countries with the least

employment protection in Europe. (Bredgaard & Madsen, 2018, pp. 376–377, 381.)
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The Danish model is often contrasted with German labor law that grants employees

substantially better protection. In Germany, employees can be dismissed for economic

reasons, but labor adjustment is tightly regulated. Social considerations must be taken

into account when the firm chooses dismissed employees so that more protection is given

to older workers, parents, and employees with disabilities. Workers who feel that they are

wrongfully dismissed can sue their employers and the firms are required to pay wages

even during the litigation. Most of the wrongful termination cases are, however, settled out

of the court to avoid further costs and a possible reinstatement. (Verick, 2004, pp. 9–12.)

The special feature of German labor law is the institution of workers’ councils. Workers’

councils resemble the Finnish cooperation system in that labor adjustment and other

significant changes in the workplace must be negotiated with employees before they can

take place. The crucial difference to the Finnish system is that the German workers’

councils have an actual veto right to the firm’s decision-making process, whereas the

Finnish cooperation framework retains the employer’s exclusive right to make decisions.

(Addison, Schnabel, & Wagner, 2001, pp. 663–665.)

France boasts also with particularly stringent employment protection legislation. Em-

ployees can be dismissed for economic reasons if the firm can prove that the adjustment

is absolutely necessary. Collective dismissals are more tightly regulated so that dismiss-

ing at least 10 workers in 30 days requires a complex procedure. Before the collective

adjustment can take place, the firm has to write a social plan where it outlines the mea-

sures that the firm will take to help the dismissed employees find a new job. The firm must

also negotiate with the workers’ council and representatives of the Ministry of Labor, but

they cannot veto the collective dismissal if any procedural requirement is not violated. The

dismissals are followed with notice periods and remarkably high severance payments that

can sometimes exceed the annual salary. The baseline severance payment is based on

wage and it increases piecewise linearly with tenure, but additional compensation is often

introduced in CBAs. Retirements are also interpreted as terminations in the French labor

law. This means that employers can place their workers into a mandatory retirement if the

eligibility criteria are met and the retired workers are entitled to the same notice periods

and severance payments as dismissed employees. (Abowd & Kramarz, 2003, pp. 502–

505.)

The most permissive dismissal regulation is found in the USA. The U.S. system is

called employment-at-will and it is based on the idea that in a well-functioning labor mar-

ket workers and employers should have complete freedom to terminate employment con-

tracts at any moment, on any grounds, and without any prior notice (Autor, 2003, p. 2).

However, there are two main sources of regulation that limit the firm’s absolute freedom

to dismiss employees. The first main limit to employment-at-will legislation is the implied

contract exception. Autor (2003, p. 5) explains that the implied contract exception was

first applied in a legal case in 1980 where the language used in an employee handbook

suggested that the workers were granted additional job security and thus the firm had
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abandoned the standard employment-at-will practice. This ruling led to other lawsuits

whose cumulative decisions resulted in the formulation of the implied contract doctrine

where even unwritten suggestions of job security, such as long tenures with progres-

sive wage increases, could be used to argue that the firm had implicitly abandoned the

employment-at-will practice (Autor, 2003, pp. 5–6). The second source of regulation lim-

iting arbitrary dismissals comes from different acts prohibiting discrimination. Acemoglu

and Angrist (2001, pp. 915–916) review the U.S. employment protection institutions fo-

cusing on especially the Americans with Disabilities Act (ADA). They argue that the ADA

has European-style employment protection elements as it increases the firing costs of

some workers, whereas the other similar pieces of legislation such as the Civil Rights Act

are better interpreted as pure anti-discrimination instruments (Acemoglu & Angrist, 2001,

pp. 915–916). The researchers show that the introduction of the ADA was followed by

a substantial fall in the employment rate of the disabled Americans, although the setting

does not allow for robust causal estimation (Acemoglu & Angrist, 2001, pp. 948–950).

There is also other evidence suggesting that these limits to the employment-at-will legis-

lation have not necessarily increased job security in the USA. Instead, Cahuc, Carcillo,

and Zylberberg (2014, p. 120) note that the limiting practices have led into a peculiar

situation where the USA is the only developed country where hiring costs exceed firing

costs. The high hiring costs stem most likely from the firms’ need to make sure that their

recruitment process is not discriminatory or implying any job security that the firm has not

meant to provide (Cahuc, Carcillo, & Zylberberg, 2014, p. 120).

This short review provided a snapshot on different employment protection legisla-

tions at some point in time. The evolution of OECD employment protection indicators

over time in the reviewed countries is plotted on Appendix Figure B.2. The upper panel

of Figure B.2 shows the development of individual dismissal regulation, measured by

the first version of the OECD indicator. Overall, the figure implies that there have not

been major EPL reforms in any of the reviewed countries, suggesting that the review

presented above provides a general representation of recent dismissal regulation in the

selected reference countries. The connected line of blue triangles shows that the Finnish

employment protection legislation has been relaxed twice, but neither of those reforms

are in the study period of 2002-2015. In July 2001, the new Employment Contracts Act

(Työsopimuslaki 55/2001) lowered the minimum notice from one month to 14 days (see

Työsopimuslaki 320/1970, Chapter 3, 38 §). In 2017, the obligation to rehire was lowered

from nine months to four months (Laki työsopimuslain muuttamisesta 1448/2016). The

figure reports also a slight downward trend in the unweighted OECD average EPL. This

is best illustrated by comparing Finland to the dashed line showing the OECD average.

In 2002, Finland drops slightly below the average, but by 2014 the gap is closed as the

OECD average gradually moves downward. The lower panel of Figure B.2 shows the

trend in the collective dismissal protection, measured by the second version of the OECD

indicator. The figure documents only two reforms in collective dismissal regulation. The
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first reform took place in Denmark in 2006 and the other reform is the introduction of the

new Cooperation Law in Finland in 2008. It is remarkable that the Finnish reform is coded

as a reduction in the collective dismissal regulation. This is most likely because the reform

relaxed the requirement to hold six-week negotiations in firms with 20 − 29 employees

when the adjustment was planned to affect at least 10 workers (see OECD (2004, p. 105)

for further details on the calculation of the collective dismissal indicator). However, this

fact does not compromise our study design, as the reform still made firms with 20 − 29

workers to face more stringent overall employment protection regulation relative to the

firms with 10− 19 workers who were always out of the scope of the Cooperation Law.
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3. THEORETICAL ANALYSIS

3.1 Conceptual framework

The objective of this paper is to estimate the causal effect of employment protection on

firm behavior, survival, and performance using the reform in Cooperation Law as a nat-

ural experiment. Firm survival is naturally defined as the firm’s capability to continue

its operation and avoid bankruptcy, but the concept of firm performance requires further

clarification. The standard economic theory assumes that the firm’s objective is to max-

imize profits, suggesting that profitability is the supreme indicator of firm performance.

However, Kreps (1990, pp. 725–729) provides two arguments to question the assump-

tion that firms always aim to maximize profits. First, the relationship between the owners

and the incumbent managers of the firm is characterized by the principal-agent problem

where the managers may have incentives to maximize their own personal gain rather than

the firm’s objective function. The usual counterargument to the principal-agent problem

is that poorly managed firms are eventually taken over by more ambitious owners that

are capable to replace the incumbent management with more competent people, but the

weakness of this argument is that the takeover should be done without the current own-

ers noticing as otherwise the selling price of the firm would just be the firm’s value with

the profit-maximizing management, which would most likely leave the operation unprof-

itable. (Kreps, 1990, pp. 725–726.) The second argument why profit-maximization is not

always optimal is that the price-setting behavior of a firm with market power may damage

its owners’ well-being if the owners are also consuming the output product or selling in-

put factors to the firm (Kreps, 1990, pp. 726–728). However, in our case of many small

firms that probably lack complex ownership structures and massive market power these

arguments are less relevant and the assumption of profit-maximization seems plausible.

The profitability of firms is still best studied using variables that can be interpreted as cen-

tral components of long-term growth, such as productivity and the number of employees,

because profits per se may be under-reported in financial statements to optimize taxation.

There are two main approaches to study the theoretical effects of employment protec-

tion. The first is to interpret employment protection as an increase in the labor adjustment

costs and study its effects on labor demand and firm behavior. This is the more rele-

vant approach for our study and the standard models are introduced in following sections.

The second approach is to use so called matching models that analyze how employ-
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ment protection affects the present value of vacancies. Cahuc, Carcillo, and Zylberberg

(2014, pp. 881–882) argue that this latter approach is superior as the matching models

can simultaneously incorporate the effects of unemployment insurance and wage-setting

institutions into the model. These models are, however, unnecessarily complex for the

purposes of this study, so their central conclusions will be summarized without rigorous

mathematical treatment. The baseline matching model of employment protection is pre-

sented in Cahuc, Carcillo, and Zylberberg (2014, pp. 862–866). The first result of the

baseline matching model is that employment protection reduces the firm’s reservation

productivity or the lowest draw from the productivity distribution that the firm can accept

before starting to fire employees. In other words, the firms are more willing to keep

their employees even at worse levels of productivity, which reduces the rate of job de-

struction. However, when firms accept lower levels of productivity, the expected level of

productivity also plummets, making the opening of new vacancies less profitable which

in turn decreases the incentives to employ more labor. So in conclusion, the baseline

matching model unambiguously predicts that employment protection reduces productiv-

ity, but the theoretical effect on employment is "a priori ambiguous" as higher firing costs

simultaneously reduce dismissals and make vacancies less valuable. (Cahuc, Carcillo,

& Zylberberg, 2014, pp. 862–866.) Firm survival is not directly analyzed in the baseline

model, but it is highly intuitive to think that higher firing costs and the resulting reduction

in reservation productivity make survival less likely. This is because high firing costs and

low reservation productivity increase the change that there are no positive profits to be

made after a negative productivity shock, forcing the firm to exit.

The Cooperation Law is not a pure employment protection institution as it also re-

quires that firms share information with employees. Harju, Jäger, and Schoefer (2021,

p. 1) summarize the theoretical literature on information-sharing by identifying two key

predictions on firm performance and worker behavior. Firstly, information-sharing is likely

to result in more efficient use of information, leading into increased productivity. Secondly,

when workers are given a voice in the firm’s decision-making process, they have an al-

ternative channel to give firms feedback beyond the traditional way of just quitting their

jobs. This in turn reduces worker exits, saving firms from additional hiring and training

costs. (Harju, Jäger, & Schoefer, 2021, p. 1.) These ideas can be further elaborated us-

ing the theoretical models presented in the seminal paper of Freeman and Lazear (1995).

In Freeman and Lazear (1995) information-sharing is analyzed in the context of workers’

councils and their study begins by asking why the councils do not emerge spontaneously

but have to be mandated by law. Although many economists believe that workers’ coun-

cils can increase the total amount of rents generated in the firm, the councils may also

increase the share of rents paid to the workers, which can lead to net loss for the firms

despite the increased profitability. Thus, the theoretical implication is that firms will set

weaker-than-optimal worker institutions, because the firms fear that workers will abuse

these institutions to seek excessive rents. Historical case studies from the USA sup-
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port this line of reasoning: A management fad in the 1920s led many firms to voluntarily

adopt workers’ councils but they were soon abandoned as the firms realized that workers

were more interested in increasing the power of the councils than in genuine coopera-

tion. However, the market failure associated with workers’ councils can be remedied by

a well-designed labor law, which ensures that the surplus rents are distributed efficiently.

(Freeman & Lazear, 1995, pp. 29–33.) The information-sharing taking place within work-

ers’ councils or similar institutions can be split into information flows from management to

workers and from workers to management. Freeman and Lazear (1995, pp. 28, 38) argue

that the key benefit of information flowing from management to workers is that accurate

information on the firm’s financial situation makes worker demands "less aggressive" and

more realistic during downturns. Keeping in mind that the information-sharing duties laid

out in the Cooperation Law are exactly requirements for the firms to share information

with their workers and not the other way around, this theory predicts that the firms within

the scope of the Cooperation Law should survive the financial crisis better as their work-

ers may be more willing to reduce their demands. On the other hand, information flowing

from workers to management improves performance, because access to more compre-

hensive information helps making better decisions. However, the workers are only willing

to disclose accurate information if they know that managers will not use that information

against them. (Freeman & Lazear, 1995, pp. 38–39.) This can be also connected to the

above-mentioned idea of worker voice. The institutionalized right to give feedback may

lead to more accurate information flows from workers to management and the reduced

need to quit may also make workers more willing to invest in firm-specific human capital

(see also Freeman & Lazear, 1995, p. 38). A specific concern is, however, that the most

dissatisfied workers may use their voice disproportionately often, distorting the extent to

which the employee feedback actually reflects workers’ preferences (Freeman & Lazear,

1995, p. 28).

In summary, the baseline matching model and information-sharing theories predict

that different aspects of the Cooperation Law have opposing effects on firm performance

and survival, so that the effect of employment protection is negative and the effect of

information-sharing is positive. This does not undermine our causal setting as the extent

of information-sharing duties seems to be rather minor compared to the complex layoff

negotiation process and this discrepancy is probably pronounced during the financial cri-

sis. Another argument is that empirical studies examining the effects of similar legislative

reforms that bundle employment protection together with information-sharing duties usu-

ally find that the effects of employment protection are much stronger. This empirical result

will be studied further in the next chapter. As the shock hit different industries in different

ways, the setting also allows us to try to decompose the effects of employment protection

from the effects of information-sharing. The rest of this chapter analyzes employment

protection using static and dynamic models, interpreting it as an obstacle to the labor

adjustment process.
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3.2 Theoretical models

3.2.1 Labor as a fixed input

Employment protection can be thought as fixing labor input at some level in the short

run. The first paper to model this kind of an insight formally was Oi (1962) where labor

is considered a ’quasi-fixed’ factor or a factor that is partly variable and partly fixed. Oi

(1962, p. 539) argues that labor can be conceptualized as a mixture of variable wage

costs and fixed hiring and training costs that can be also interpreted as investments in

the firm’s human capital stock. When these fixed investment costs are integrated into

the firm’s decision-making process, labor starts to exhibit similar kind of rigidity as ma-

chinery or any other physical capital, because the firm optimizes its input-use taking into

account the resources that are already invested in the workforce. So even in the absence

of any employment protection, the sunken investment in human capital makes the firm

less willing to adjust its use of labor compared to the traditional models where labor is

assumed completely variable input. (Oi, 1962, pp. 538–539.) Integrating the firm-specific

human capital part of labor into the theory of firm helps also to explain why occupations

with high firm-specific investment enjoy higher level of job security than others (Oi, 1962,

pp. 547–549). Oi’s ideas can be applied to employment protection by assuming that strin-

gent regulation makes labor a completely fixed input in the short run. We do this in the

standard neoclassical model of a profit-maximizing firm that is comprehensively reviewed

in Appendix A.

We start our analysis using the properties of the cost function. By Definition A.12, the

cost function C(w, q) gives the smallest possible cost that the firm has to pay to produce

output q. Thus by this definition, fixing some input xi can never reduce the cost required

to produce q. Using the same logic, this result extends naturally to the general case:

Theorem 3.1 (Cost functions with fixed inputs). Fixing one further input xi, will result in

a cost function that is always greater than or equal to the cost functions that have more

variable inputs (Mas-Colell, Whinston, & Green, 1995, pp. 146–147):

C(w, q) ≤ C(w, q|x1) ≤ C(w, q|x1, x2) ≤ · · · ≤ C(w, q|x1, x2, . . . , xn−1),
1 (3.1)

where C(·) denotes the cost function with fixed inputs. The result in Theorem 3.1 is also

called Le Chatelier principle, because it resembles a similar phenomenon found in the

natural sciences (Samuelson, 1983, p. 38).2 The equalities in Theorem 3.1 hold only if

the fixed inputs x are exactly at the levels that solve the general cost-minimization problem

1We assume that at least one of the n inputs is variable, because otherwise the firm could not affect its
output.

2It is not always clear what the Le Chatelier principle actually means in different contexts as Samuelson
(1983, p. 38) claims its definition is "almost metaphysically vague".



22

stated in Definition A.3 (Cowell, 1986, p. 52). So if any change in the market environment

prompts the firm to change its output from this original cost-minimizing level, the firm will

end up in a situation where it faces higher cost compared to the case where no input

is fixed. As this result applies equally to the up-scaling and down-scaling of production,

employment protection can be interpreted as an increase in adjustment costs.

Cowell (1986, p. 52) suggests studying the firm’s factor demand behavior at the out-

put level where the equality

C(w, q) = C(w, q|xi) (3.2)

holds. The output q emphasizes that at this level both cost functions solve the general

cost-minimization problem. Equation 3.2 is more conveniently written as:

C(w, q) = C(w, q,Xi(w, q)), (3.3)

where Xi(w, q) = xi is the conditional factor demand for the fixed input xi. Taking

derivatives with respect to the price of a variable input wj , yields:

∂C(w, q)

∂wj

=
∂C(w, q,Xi(w, q))

∂wj

+
∂C(w, q,Xi(w, q))

∂xi⏞ ⏟⏟ ⏞
0

∂Xi(w, q)

∂wj

, (3.4)

where i ̸= j. But now the derivative ∂C(w, q, xi)/∂xi must be zero, because the input i

is fixed.3 So we can write:

∂C(w, q)

∂wj

=
∂C(w, q,Xi(w, q))

∂wj

, (3.5)

which implies by Shepard’s lemma (see Theorem A.13) that the conditional demand func-

tions are equal:

Xj(w, q) = Xj(w, q, xi). (3.6)

Now, to derive the elasticity of factor demand with respect to its own price, we need to

differentiate Equation 3.6 with respect to wj :

∂Xj(w, q)

∂wj

=
∂Xj(w, q, xi)

∂wj

+
∂Xj(w, q, xi)

∂xi

∂Xi(w, q)

∂wj

. (3.7)

We need to know the sign of the last term in Equation 3.7. The sign can be derived by

differentiating Equation 3.6 again but this time with respect to the price of the fixed input

wi:
∂Xj(w, q)

∂wi

=
∂Xj(w, q, xi)

∂wi⏞ ⏟⏟ ⏞
0

+
∂Xj(w, q, xi)

∂xi

∂Xi(w, q)

∂wi

, (3.8)

3This can be proved more rigorously using the Envelope theorem presented in A.14 (see also Cowell,
1986, p. 52).
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where ∂Xj(w, q, xi)/∂wi = 0 follows from the fact that the conditional demand func-

tion Xj is not directly a function of wi (Cowell, 1986, p. 53). Shepard’s lemma and the

commutativity of the second derivatives imply that:

∂Xj(w, q)

∂wi

=
∂2C(w, q)

∂wj ∂wi

=
∂2C(w, q)

∂wi ∂wj

=
∂Xi(w, q)

∂wj

. (3.9)

So Equation 3.8 can be now written as:

∂Xj(w, q, xj)

∂xi
=
∂Xi(w, q)/∂wj

∂Xi(w, q)/∂wi

. (3.10)

And finally we can substitute Equation 3.10 into Equation 3.7 to get:

∂Xj(w, q)

∂wj

=
∂Xj(w, q, xi)

∂wj

+
[∂Xi(w, q)/∂wj]

2

∂Xi(w, q)/∂wi⏞ ⏟⏟ ⏞
(−)

. (3.11)

The last term of Equation 3.11 is negative, because the numerator is trivially positive and

the denominator is negative. The negativity of the denominator follows from the fact that

an increase in the factor price reduces its demand. This result is called more formally

Law of conditional demand and it is proved in Theorem A.16. The equality in Equation

3.11 can only hold if ∂Xj/∂wj < ∂Xj/∂wj . Multiplying both sides of this inequality by

wj/xj gives us the elasticities and results in the following theorem:

Theorem 3.2 (Conditional elasticities with fixed inputs). Fixing one input xi, will result in a

conditional elasticity of factor demand with respect to its own price that is always greater

than the elasticity that has no constraints (Samuelson, 1983, p. 38):

η̃xj
wj
< η̃

xj

wj
< 0, (3.12)

where η̃xj
wj

denotes the elasticity of conditional factor demand with respect to its own price

and the overline in notation η̃
xj

wj
means that one input is fixed. Theorem 3.2 states that

the conditional demand function with a fixed input is less elastic than the demand function

without constraints. In other words, η̃
xj

wj
is closer to zero than η̃xj

wj
, so that a 1% change in

the factor price prompts smaller relative change in the factor demand when some other

input is fixed. (Samuelson, 1983, pp. 38–39.) In the context of employment protection,

this result implies that firms facing more stringent regulation have less flexibility when

adjusting their input use because they are tied to some level of labor that may be sub-

optimal when the market environment changes.

The final conclusion from the standard neoclassical model with fixed inputs can be

derived applying the duality of the firm’s problem. Theorem 3.1 states that fixing inputs

result in greater cost functions but by the duality of the firm’s problem this implies also that
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the resulting profits are reduced. Varian (1992, p. 47) formalizes this insight using profit

functions:

Theorem 3.3 (Profit functions with fixed inputs). Fixing one further input xi, will result in

a profit function that is always less than or equal to the profit functions that have more

variable inputs (Varian, 1992, p. 47):

Π(p,w) ≥ Π(p,w|x1) ≥ Π(p,w|x1, x2) ≥ · · · ≥ Π(p,w|x1, x2, . . . , xn−1), (3.13)

where Π(·) is the profit function and p is the price of the output. Theorems 3.1 and 3.3

summarize the main theoretical predictions of the neoclassical model neatly: Limiting the

firm’s choice set can never improve firm performance. Fixing inputs at some level results

in increased costs and reduced profits, except for the special case where the general opti-

mum is coincidentally in the limited choice set. Theorem 3.2 adds the prediction that when

firms are trying to meet the output target q, they have less flexibility to react to changes in

factor prices when some of their input is fixed. When applied to employment protection,

these three theorems suggest that more stringent regulation will generally make firms

worse-off. In addition, although firm survival is not explicitly modeled, it is highly intuitive

to think that increased costs, reduced profits, and restricted flexibility in input use result in

greater probability of firm exit. However, the welfare effects of employment protection are

not entirely negative in the neoclassical model as the workers can benefit from being the

fixed input. More formally, the workers’ surplus is wL−wL∗, where L is the fixed level of

labor and L∗ is the optimal level of labor that the firm would otherwise choose.4 If the firm

would like to reduce the use of labor, then L∗ < L and the workers’ surplus is positive,

making them better-off. However, the total societal welfare effect is not clear as for that

we would have to compare the workers’ surplus to the firms’ losses, which goes beyond

this analysis. In any case, it must be noted that this result is not symmetric because if the

firm would like to hire more workers, both the firm and the workers are worse-off when

labor is fixed at the level L. Thus, this simple model suggests that the welfare effects of

imposing hiring obstacles are unambiguously negative. The main drawback of the static

neoclassical model is naturally that it is not very suitable for modeling adjustment pro-

cesses that take place over time. In the next two subsections we address this issue by

studying employment protection in dynamic models that take time into account explicitly.

3.2.2 Dynamic model of labor demand with quadratic adjustment

costs

We start the dynamic analysis of labor demand by studying the benchmark model with

quadratic adjustment costs presented in Cahuc, Carcillo, and Zylberberg (2014, pp. 123–

4We assume here that the wage rate stays constant. This is quite realistic assumption in the short run.
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125). Let us assume that the firm produces output using labor as the only factor of

production: q = ϕ(Lt). The change of labor employed at each date is given by the time

derivative L̇ = dL
dt

. Changing the level of employment incurs a cost and that is modeled

with the quadratic function

C(L̇t) =
c

2
L̇
2

t , (3.14)

where c > 0 represents the cost of adjusting employment. (Cahuc, Carcillo, & Zylberberg,

2014, p. 123.)

The firm’s problem is now to maximize the discounted present value of profits which

are calculated by subtracting the cost of labor wLt and the cost of labor adjustment C(L̇t)

from production:

maxΠ0 =

∫︂ ∞

0

[ϕ(Lt)− wLt − C(Lt)] e
−rtdt, (3.15)

where r is the interest rate. Inserting 3.14 into the optimization problem and ignoring the

time index t, gives us the following neat form:

maxΠ0 =

∫︂ ∞

0

[︂
ϕ(L)− wL− c

2
L̇
2
]︂
e−rtdt. (3.16)

This is a simple problem of calculus of variations and it can be solved using the Euler

equation. (Cahuc, Carcillo, & Zylberberg, 2014, p. 123.) The existence of the solution

is guaranteed by the fact that the integrand in 3.16 is a concave function (see Sydsæter

et al., 2005, p. 289).

Cahuc, Carcillo, and Zylberberg (2014) skip many steps when deriving the solution

so we will provide a more detailed presentation here. Our objective is to find the time path

L(t) that maximizes the integral in 3.16. If we set

F (t, L, L̇) =
[︂
ϕ(L)− wL− c

2
L̇
2
]︂
e−rt, (3.17)

the Euler equation is then given by the following differential equation (Sydsæter et al.,

2005, p. 288):
∂F

∂L
− d

dt

(︃
∂F

∂L̇

)︃
= 0. (3.18)

Sydsæter et al. (2005, p. 288) emphasize that the latter term of 3.18 represents the total

derivative with respect to time:

d

dt

(︄
∂F (t, L, L̇)

∂L̇

)︄
=

∂2F

∂L̇ ∂t

dt

dt
+

∂2F

∂L̇ ∂L

dL

dt
+

∂2F

∂L̇ ∂L̇

dL̇

dt
. (3.19)
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Keeping this in mind, we can begin by differentiating F with respect to L and L̇. We get:

∂F

∂L
= [ϕ′(L)− w]e−rt (3.20)

and
∂F

∂L̇
= −cL̇e−rt. (3.21)

Then differentiating 3.21 with respect to t, yields:

d

dt

(︄
∂F (t, L, L̇)

∂L̇

)︄
= [rcL̇+ 0 +−cL̈]e−rt. (3.22)

Now we can plug these into the Euler equation 3.18 and get the solution that defines the

optimal employment path:

ϕ′(L)− w − rcL̇+ cL̈ = 0. (3.23)

Cahuc, Carcillo, and Zylberberg (2014, p. 124) note that in the stationary point L∗ there

is no hiring or dismissing so L̇ = L̈ = 0. This in turn implies that in the stationary

state wage equals marginal productivity, just as we would expect. The resulting second-

order differential equation in 3.23 is nonlinear and thus too complex to analyze, so Cahuc,

Carcillo, and Zylberberg (2014, p. 124) suggest studying the adjustment behavior around

the stationary point L∗ by linearizing 3.23 with the Taylor approximation ϕ′(L) ≈ ϕ′(L∗)+

(L− L∗)ϕ′′(L∗):

ϕ′(L∗) + (L− L∗)ϕ′′(L∗)− w − rcL̇+ cL̈ = 0. (3.24)

Setting ζ = −ϕ′′(L∗) and keeping in mind that ϕ′(L∗) = w, we can write:

−ζL− rcL̇+ cL̈ = −ζL∗. (3.25)

This linear nonhomogeneous second-order differential equation can be solved using the

standard approach. The characteristic equation of the corresponding homogeneous dif-

ferential equation is cλ2 − rcλ − ζ = 0 and its roots are given by the quadratic formula:

λ1,2 =
rc±

√︁
r2c2 + 4ζc

2c
=

1

2

[︄
r ±

√︃
r2 +

4ζ

c

]︄
. (3.26)

We see that λ1 > 0 and λ2 < 0. As a particular solution to 3.25 is trivially L∗, we get the

general solution:

L = A1e
λ1t + A2e

λ2t + L∗. (3.27)

We want that L→ L∗ as t→ ∞, so that the level of employment converges to its station-

ary value. To achieve this stable solution, Cahuc, Carcillo, and Zylberberg (2014, p. 124)
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suggest simply setting A1 = 0. Finally, solving A2 from the initial condition L(0) = L0,

yields A2 = L0−L∗, and we have found the profit-maximizing trajectory for employment:

L(t) = (L0 − L∗)eλ2t + L∗. (3.28)

Adjustment speed and simulation of shocks

Cahuc, Carcillo, and Zylberberg (2014, p. 125) recommend analyzing the speed of em-

ployment adjustment by calculating the time that the system needs to reach the midpoint

between the initial value L0 and the stationary value L∗. Setting L(tm) = L0+L∗

2
, we

obtain the following equation from which we can derive an expression for the median lag

tm:

(L0 − L∗)eλ2tm + L∗ =
L0 + L∗

2
, (3.29)

which gives:

tm = − ln 2

λ2
= − ln 2

1
2

[︃
r −

√︂
r2 + 4ζ

c

]︃ . (3.30)

After tedious differentiation, we find that

∂tm
∂c

=
4ζ ln 2

c2
√︂
r2 + 4ζ

c

(︃
r −

√︂
r2 + 4ζ

c

)︃2 > 0.5 (3.31)

So an increase in the adjustment cost c increases the time that the firm takes to adjust its

use of labor to the level where wage equals marginal productivity. From 3.30 we see also

that tm → 0 as c → 0, so the absence of hiring and firing costs makes the adjustment

instant.

5ζ = −ϕ′′(L∗) > 0, because ϕ(L) is assumed to be concave.
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Figure 3.1. Effect of a shock on optimal employment paths in the dynamic model with
quadratic adjustment costs.

However, Cahuc, Carcillo, and Zylberberg (2014) do not integrate shocks into their simple

model, so we need to extend the benchmark model. We define shock as a sudden change

in the target level of employment L∗, which causes the firm to calculate a new adjustment

path. Formally this can be modeled with the piecewise function:

L(t) =

⎧⎨⎩(L0 − L∗
1)e

λ2t + L∗
1, t ≤ ts

(L(ts)− L∗
2)e

λ2(t−ts) + L∗
2, t > ts,

(3.32)

where ts stands for the time of the shock. We see in 3.32 that before the shock the

firm’s use of labor converges towards the original stationary value L∗
1, and after the shock

arises, the firm changes the direction towards a new stationary value L∗
2, using the level

of employment at date ts as the initial value. These dynamics can be illustrated with a

concrete example. Let ϕ(L) = L0.8 and w = 0.728, giving L∗
1 = 1.6 as the original

stationary value. Let us suppose that the initial level of employment is well below the

target level, L0 = 0.5, and that a shock occurs at time ts = 5, dropping the target level

over 80% of the original: L∗
2 = 0.3. Further, let us study two otherwise identical firms that

face different labor adjustment costs. The adjustment cost for the first firm is c1 = 0.25

and the cost for the other firm is c2 = 0.80. After setting the interest rate to r = 0.05, we

can code the equations in 3.32 into a Stata program and generate Figure 3.1.

In Figure 3.1 the solid blue line represents the optimal employment path for the firm

with lower adjustment costs and the dashed orange line gives the optimal trajectory of la-
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bor for the firm with higher adjustment costs. We see that before the shock both systems

converge towards the original steady state value L∗
1 = 1.6 and after the shock at time

t = 5 the firms start to tend toward the new optimal value L∗
2 = 0.3. We see that the

convergence is much faster in the orange line that represents the firm with lower adjust-

ment costs. This simple model illustrates well the intuitive notion that higher hiring costs

reduce the incentives to hire, resulting in lower level of employment when compared to

lower hiring costs. Similarly, higher firing costs reduce the rate of job destruction, re-

sulting in higher level of employment when compared to lower firing costs. Thus, the

model suggests a simple solution to the theoretical debate on the effects of employment

protection on employment: When the economy is growing, employment protection will

reduce employment by slowing down hiring, and when the economy is declining, employ-

ment protection will raise the level of employment by slowing the speed of job destruction.

However, these results apply only to the adjustment period, as over time the otherwise

identical firms get very close the same stationary state and the differences disappear.

3.2.3 Dynamic model of labor demand with fixed adjustment costs

The dynamic model with quadratic adjustment costs suggested that the adjustment costs

rise with the size of the adjustment. However, as the layoff negotiation process described

in Section 2.1.2 implies that the negotiation obligation in firms with 20− 29 employees is

independent of the size of the adjustment, the process may be more adequately modeled

using fixed lump-sum firing costs. The baseline model of labor adjustment with fixed hiring

and firing costs is presented in Hamermesh (1993, pp. 213–214). We modify the baseline

model by assuming that the firm faces no hiring costs but reducing employment incurs a

fixed lump-sum cost Cf , so that the marginal cost of dismissing an additional worker is

zero:6

C(L̇) =

⎧⎨⎩Cf , if L̇ < 0

0, if L̇ ≥ 0
(3.33)

The firm faces now a choice of keeping the original level of employment L0 or changing

it to the level L∗ where marginal productivity equals wage: ϕ′(L∗) = w. If L0 < L∗,

the firm is using less labor than the standard optimality condition ϕ′(L∗) = w states and

the firm can always increase its profits by setting L = L∗, as hiring more labor incurs

no cost. However, if the firm is using more labor than the standard optimality condition

suggests, it has to compare the initial profits Π0 with the profits that the amount of labor

L∗ yields, keeping in mind that reducing labor incurs a fixed cost so that the actual profits

are Π∗ − Cf . (Hamermesh, 1993, pp. 213–214.)

Keeping the amount of labor in its initial value L0 results in perpetual flows of output

6The assumption of zero hiring costs is not unreasonable as some empirical studies find that the hiring
costs are negligible (see Section 4.1).
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ϕ(L0) and labor cost wL0. We can calculate the total profits Π0 by discounting these

future flows to the present moment:

Π0 =

∫︂ ∞

0

[ϕ(L0)− wL0] e
−rtdt =

ϕ(L0)− wL0

r
, (3.34)

where w is wage and r is the interest rate (for further details of presents values, see for

example Chiang and Wainwright (2005, p. 470)). With the level of labor L∗ the profits are

calculated similarly:

Π∗ =

∫︂ ∞

0

[ϕ(L∗)− wL∗] e−rtdt =
ϕ(L∗)− wL∗

r
. (3.35)

We may now write the firm’s decision rule for the case L0 > L∗:

L =

⎧⎨⎩L∗, if Π∗ − Cf > Π0

L0, otherwise.
(3.36)

The decision rule specified in Equation 3.36 states that the firm will reduce the use of labor

from the original level L0 if that results in greater profits even after paying the adjustment

cost Cf . (Hamermesh, 1993, p. 214.)

These dynamics can again be illustrated with a concrete example. Using the produc-

tion function ϕ(L) =
√
L and setting the interest rate to r = 0.05 we can study how firms

with different adjustment costs react to shocks that cause an exogenous rise in wage rate

w. Let the first firm enjoy a negligible firing cost C1 = 0.1 and let the second firm face

a more substantial cost C2 = 2. If the initial wage rate w0 = 0.5 rises to wt=3 = 0.7 at

time t = 3 and then to wt=6 = 0.9 at time t = 6, the firms choose employment paths

illustrated in Figure 3.2.

In Figure 3.2, the orange line represents the firm with low adjustment costs and

the blue line represents the firm with high adjustment costs. A slight jitter is added to

both lines, so that in period t < 3 both firms start with the initial level of employment

L0. The employment L0 is also the profit-maximizing level at the initial wage w0 and

thus induces no need to adjust employment. The firms keep their use of labor constant

at the level L0 until a shock occurs at time t = 3 raising the wage rate to wt=3. Now

the firms have to compare the profits generated by maintaining the original employment

level L0 to the profits that the optimality condition ϕ′(L∗
t=3) = wt=3 yields, keeping in

mind that reducing employment incurs the fixed cost Cf . Using the formulas in Equations

3.34 and 3.35, we can calculate that the profits are in this case Π(L0, wt=3) = 6 and

Π(L∗
t=3, wt=3) = 7.14. Because the orange firm faces the adjustment cost C1 = 0.1,

it will reduce the use of labor to level L∗
t=3. In contrast to the gradual adjustment in

the model with quadratic costs, we see that in the fixed-cost model the reduction takes

place immediately, leading to a discrete drop in the orange line at time t = 3. As the
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Figure 3.2. Effect of a shock on optimal employment paths in the dynamic model with
fixed adjustment costs.

blue firm faces the adjustment cost C2 = 2, it will keep the use of labor at the original

level L0. Another shock occurs at time t = 6 rising the wage rate to wt=6. The orange

firm uses the profits Π(L∗
t=3, wt=6) − C1 = 5.10 as a baseline, whereas the blue firm’s

benchmark is Π(L0, wt=6) = 2. At the optimal level, the profits before adjustment costs

are Π(L∗
t=6, wt=6) = 5.56 and we see in Figure 3.2 that this time the shock prompts both

firms to pay the adjustment cost and reduce their employment to the level that satisfies

the optimality condition ϕ′(L∗
t=6) = wt=6.

Six important conclusions can be derived from the dynamic model with fixed adjust-

ment costs. First, the fixed firing cost works like a barrier that increases the threshold

that triggers the firm’s adjustment behavior. We see in Figure 3.2 that the blue firm is

less responsive to the fluctuations in optimal employment level L∗, engaging in firing be-

havior only after the discrepancy between L0 and L∗ has grown substantial. The second

conclusion is a natural corollary of the first. The fixed firing cost leads to labor-hoarding

where the blue firm uses more labor than it would have used in the absence of adjustment

costs. Reduced responsiveness to small shocks and the resulting over-use of labor can

be actually thought as the objective of employment protection legislation but the immedi-

ate downside predicted by the fixed-cost model is that once the adjustment is triggered,

it will be of greater size. This third conclusion is very relevant in the context of layoff

negotiations. The obligation to hold layoff negotiations may lead firms to wait until their

cumulative need for adjustment exceeds certain threshold and then execute the adjust-

ment at once by starting layoff negotiations, effectively incentivizing firms to engage in
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mass layoffs rather than individual layoffs.

Fourth conclusion is that firing costs can reduce profits, even when the firm decides

not adjust the use of labor. The profit trajectories of our example firms are depicted on

the panel (b) of Appendix Figure B.3. Initially both firms start with the same profits. At

times t = 3 and t = 6, shocks cause the wage rate to rise cutting profits in both firms.

In Figure B.3 (b), the connected lines of blue and orange squares represent profits in the

high and low adjustment cost firms, respectively. We see that the firing cost forces the

blue firm to maintain its original level of employment leading to less profits than in the

orange firm, even if the blue firm chooses not to pay for the adjustment. Similarly, the

second shock results in lower profits for the blue firm although both firms have down-

scaled their employment at the same level. The fifth conclusion is that higher adjustment

costs reduce firm survival and it follows from the profit effect: Because higher adjustment

costs reduce profits, they also increase the likelihood that there are no positive profits to

be made, thus decreasing the chances of firm survival.

The final conclusion is illustrated the in blue firm’s employment behavior around t = 3

as depicted in Figure 3.2. Although the wage rises, adjustment costs make the blue

firm to keep employment constant, defying the usual assumption that a rise in the factor

price reduces its demand. The fixed adjustment cost creates effectively a whole range

of employment levels where it is unprofitable to reduce labor demand in response to a

wage increase and that range also grows wider with the adjustment cost Cf . This result

should not be interpreted as implying that the adjustment cost increases labor demand,

but rather as that termination cost makes the firm less responsive to small fluctuations

in wage. For more comprehensive analysis of employment behavior we would need to

model hiring process more realistically. The unrealistic assumption in this simple model is

not that hiring costs are zero, but rather that firms operate in a deterministic environment.

Integrating uncertainty into the model would show that firing costs always create a barrier

to hiring as the firm has to consider the possibility of having to dismiss the hired employee

in the future.
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3.3 Summary of theoretical predictions

Theory Central predictions

Baseline matching models Employment protection reduces firm’s reservation
productivity, leading the firm to accept smaller draws from
productivity distribution before engaging in labor
adjustment.

Information-sharing Introducing employees into the firm’s decision-making
process leads to more efficient use of information,
improving productivity; Worker voice reduces voluntary
quits and incentivizes investment in firm-specific human
capital.

Standard neoclassical firm
theory with fixed inputs

Limiting the firm’s choice set never improves
performance; Fixing inputs at some level generally leads
to increased costs and reduced profits.

Dynamic model with
quadratic adjustment
costs

Employment adjustment takes place gradually and the
speed of convergence slows down with the adjustment
costs; Employment protection reduces employment when
firms are growing and increases employment when firms
are downsizing.

Dynamic model with fixed
adjustment costs

Adjustment costs increase the threshold that triggers
adjustment behavior, making firms less sensitive to
fluctuations in the optimal level of employment;
Employment protection leads into labor-hoarding and
reduced profits, making firm survival less likely.

Table 3.1. Summary of theoretical predictions.

The theoretical models with their central, non-ambiguous predictions are summarized in

Table 3.1. Matching models along with the standard neoclassical firm theory and dy-

namic models predict that the employment protection aspects of the Cooperation Act

hinder firm performance and survival, whereas the information-sharing theory suggests

that the information-sharing duties in the Cooperation Act lead to better performance, par-

ticularly at the productivity margin. Despite the opposing predictions, these theories are

not contradictory as the proposed mechanisms and their causal pathways are different.

Thus, it is possible that the employment protection and information-sharing elements of

the Cooperation Law work simultaneously in different directions. In the empirical section

we first estimate the total causal effect of the Cooperation Law and then try to decom-

pose the effect into employment protection and information-sharing components. The

decomposition exploits the between-industry variation in CBAs, resulting in firms that en-

gaged mostly in information-sharing and firms that had to undertake layoff negotiations in

addition to fulfilling their information-sharing duties.
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4. LITERATURE REVIEW AND HYPOTHESIS

DEVELOPMENT

4.1 Estimates on adjustment costs

Theoretical models presented in the previous chapter made strong assumptions about

the functional form of the labor adjustment costs. These assumptions also shaped sig-

nificantly the theoretical predictions of the speed and size of the optimal adjustment. In

the quadratic model adjustment costs are symmetric and proportional to the square of

the adjustment. This makes firms to prefer gradual hiring and firing processes over rapid

changes in the workforce and also implies that firms will always react to changes in the

market environment by adjusting labor. In contrast, the model with fixed adjustment costs

suggests that firms will be unresponsive to small fluctuations in the market environment,

but after a certain threshold is crossed they will execute the adjustment instantly. Through-

out the discussion of the theoretical models we also implicitly assumed that the adjust-

ment costs are substantial, because otherwise the analysis of adjustment costs would

have been unnecessary. We begin our review of the empirical literature on employment

protection by surveying the research on the size, shape, and speed of the adjustment

costs. In the next section we turn to the literature that studies explicitly the effects of em-

ployment protection on firms and in the final section we evaluate our theories in the light

of the empirical findings and use that to formulate the hypotheses about how the reform

in Cooperation Act affected firms.

Cahuc, Carcillo, and Zylberberg (2014, p. 119) explain that labor adjustment incurs

two kinds of costs: Internal adjustment costs are the lost profits or opportunity costs

that come from suboptimal level of employment and external adjustment costs are the

direct expenses that are associated with the process, such as payments to law firms that

help with the layoff negotiation process.1 Empirical literature on adjustment costs natu-

rally focuses on the latter type as there is no comprehensive data on opportunity costs.

One of the best quality European papers to study external adjustment costs is Abowd

and Kramarz (2003) where the size and functional form of labor adjustment costs are

1Unreported descriptive graphs plotted from the Statistics Finland micro data suggest that law firms
were not making excessive profits during the financial crisis, despite the boom in layoff negotiations. This
preliminary result remains robust regardless of whether we compare law firms to accounting firms or all
other firms of similar size.



35

estimated using a cross-section of linked employer-employee data from France. As de-

scribed in Section 2.1.4, the French labor law allows individual dismissals only in limited

circumstances and collective dismissals entail an additional complex process, including

the requirement to write a social plan where the firm outlines the planned actions it will

take to support the dismissed workers in finding a new job. The dataset in the study is

formed by merging comprehensive employee-level wage survey data from 1992 with es-

tablishment characteristics. The sampled firms are mainly large and medium-sized firms

from manufacturing, construction, and service sectors and the data includes very detailed

accounts of hiring and firing costs, such as severance payments and expenses spent on

job announcements. (Abowd & Kramarz, 2003, pp. 505–509.) The main outcome vari-

ables are constructed by summing these individual hiring and firing cost components and

the benchmark model uses OLS regression to examine how the total cost varies as a

function of dismissals or hires. The preliminary results suggest that both the firing and

hiring costs are increasing with the size of the adjustment but with diminishing returns.

(Abowd & Kramarz, 2003, pp. 513–515.) To account for the potential bias that arises

from the fact that the costs are observed only when the firm hires or dismisses workers,

Abowd and Kramarz (2003, p. 513) use a generalized Tobit model that is able to separate

the decision to engage in labor adjustment and the actual costs incurred when the ad-

justment takes place. The results show that dismissal are very expensive and firing costs

include a substantial fixed part that incentivizes firms to pool their accumulated need for

adjustment into mass layoffs. Their estimates suggest also that an average dismissal for

economic reasons incurs a cost that is almost 126% of the annual labor cost and collec-

tive dismissals (of at least 10 employees) are more expensive than individual dismissals.

In contrast, the cost of an average hire is negligible, totaling only 3% of the same annual

labor cost. The studied firms also seem to regulate their use of labor primarily through

stopping hiring during downturns and waiting for temporary contracts to expire. (Abowd

& Kramarz, 2003, pp. 510, 521–524.)

Although the findings of Abowd and Kramarz (2003) are highly specific to France,

some cautious generalizations can be made. First, the conclusion that hiring costs are

negligible compared to firing costs is probably very accurate in many European countries.

We see from Figure 2.2 that Finland scores lower than France in both dimensions of the

OECD indicator, but as the qualitative comparison suggest that Finnish institutions are

quite similar to French, we may expect that the general result of substantial firing costs

and small hiring costs applies also to Finland.2 The second conclusion is that firing costs

entail a vast fixed part that affects firm behavior. This most likely applies also to Finnish

firms, especially if they have to go through layoff negotiations. The asymmetry of adjust-

ment costs and the presence of a fixed component also imply that quadratic costs provide

a poor representation of the actual adjustment process. Cahuc, Carcillo, and Zylberberg

2The absence of mandatory severance payments in the Finnish labor law probably leads to considerably
smaller firing costs than in the estimates of Abowd and Kramarz (2003).
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(2014, pp. 136–137) argue that the early hypothesis of quadratic adjustment costs was

backed by aggregated data, but studies using better quality micro data unequivocally re-

ject this assumption. The third conclusion that Abowd and Kramarz (2003) make is that

in the presence of significant firing costs, firms should use changes in hiring behavior

as their main adjustment channel. This implies especially that optimizing firms should

make extensive use of temporary work contracts and staffing services. This hypothesis

seems plausible also in the Finnish case and will be studied in the empirical section. Fi-

nally, the speed of the labor adjustment is not studied in Abowd and Kramarz (2003), but

fortunately the time dimension of adjustment is estimated in other studies. Hamermesh

(1993, pp. 254–262) summarizes over 60 studies from various countries examining the

adjustment speed and concludes that the adjustment is conducted quite quickly, usually

within 3 to 6 months after a demand shock. We calculated in Section 2.1.2 that the the-

oretical minimum before mass furloughs can take place is between 2 weeks to 2 months

in Finnish firms, so these estimates seem realistic also in the Finnish context.

4.2 Effects of employment protection and information-sharing on

firms

Although employment protection is subject to substantial theoretical debate, empirical

research on its effects on firms remains limited. To my knowledge, only one previous

study explicitly investigates the effect of employment protection on firm survival. Bottasso,

Conti, and Sulis (2017) study the effects of employment protection on firm entry and exit

rates using OECD indicators of employment protection and data on OECD firms from 13

countries, including Finland. The causal setting is tried to built around the assumption that

industries characterized with high worker turnover are more exposed to employment pro-

tection regulation, allowing for a non-standard difference-in-differences design (Bottasso,

Conti, & Sulis, 2017, p. 37). The results suggest that employment protection reduces both

entry and exit of firms with 1− 9 workers, but for firms with at least 10 workers the effect

is observed only at the exit margin (Bottasso, Conti, & Sulis, 2017, pp. 47–48). However,

the main drawback of Bottasso, Conti, and Sulis (2017) is that the empirical strategy is

unconventional, making it difficult to interpret the magnitude of the estimates or assess

the overall validity of the design. Thus, the present study may be the first to estimate

the causal effect of employment protection on firm survival using a robust setting and

standard methods. In the following, we review the most relevant empirical studies on the

effects of employment protection and information-sharing on firm performance.

The reform in the Cooperation Law in 2007/2008 has been studied previously by Ke-

skinen (2017), where the effects of workplace cooperation are studied within the frame-

work of property rights and participation theories. The property rights theory resembles

the conclusions that we derived from the neoclassical firm theory and states that opti-

mizing firms have revealed their profit-maximizing strategy by not forming cooperation
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institutions, implying that mandates for cooperation will not improve firm performance and

they are better interpreted as a form of rent-seeking. The participation theory is similar to

the information-sharing theories and suggests that cooperation will increase productivity

through increased motivation and improved decision-making. (Keskinen, 2017, pp. 5–6.)

The sample in the study is formed by using linked employer-employee micro data from

Statistics Finland as a foundation and complementing that with additional demographic

characteristics. Firms with 20 − 29 employees are sorted into the treatment group and

firms with 10 − 19 employees are used as controls. The treatment status is determined

by the number of employees on January 2008 and the firms are studied from 2003 to

2012. As there is no evidence of bunching in the employee count distribution and the

pre-trends in the outcome variables seem to develop in parallel between the groups, the

setting allows for the estimation of intention-to-treat (ITT) using difference-in-differences.

(Keskinen, 2017, pp. 10–13.) The causal estimates suggest that the reform had slightly

negative but insignificant effects at the profitability and productivity margins, which were

respectively defined as net profits divided by revenue and value added divided by the

number of full-time equivalent workers. In contrast, the employment growth rate and em-

ployment flows showed considerable and significant reductions. The employment growth

rate, which was calculated by sharing the number of employees by the worker count in

the previous year, dropped by 3 to 5 percentage points, whereas the worker inflows and

outflows, which were calculated by dividing the number of entries and exits by the em-

ployee count at the last day in the previous year, plummeted by 4 to 7 percentage points.

(Keskinen, 2017, pp. 17–18.)

Although Keskinen (2017) provides a very rigorous empirical analysis of the Cooper-

ation Law, the formation of the treatment and control groups raises some concerns about

the validity of the causal design. In section 5.2.2, we show that the firms were aware of

the reform since at least 2006, so forming the groups using the employment data from

January 2008 may introduce bias if the firms were adjusting their behavior in response

to the anticipated reform. Keskinen (2017, pp. 13–15) argues against any anticipation

effects by showing that there is no bunching below the threshold of 20 workers in the firm

size distributions, but this approach ignores that the firms may anticipate the reform also

in other ways than just adjusting their employee count. This issue will be addressed in the

present study by forming the groups using employment data from 2005 and estimating

also the local average treatment effect (LATE) that takes into account the fact that firms

move below and above the threshold. Our empirical strategy draws heavily from Bjug-

gren (2018) who studies with the Swedish register data how a moderate relaxation in the

Swedish last-in first-out (LIFO) rule affected productivity.

The Swedish employment protection system gives firms the freedom to choose the

timing and size of the labor adjustment, but the LIFO rule states that the workers with the

shortest tenures must be dismissed first. In 2001, the rule was reformed so that firms

with less than 11 employees could choose the dismissed person among the 3 workers
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with the shortest tenures, instead of just mechanically choosing the last entrant to the

firm. (Bjuggren, 2018, pp. 139–140.) In addition to the already introduced traditional the-

ories of employment protection, Bjuggren (2018, p. 138) identifies a novel mechanism of

how increased job security could affect productivity: If the cost of adjustment increases,

the firm has to use the incumbent workforce more efficiently, incentivizing innovation and

investment in human capital. The reform allows for difference-in-differences design and

Bjuggren (2018, pp. 141–142) constructs the treatment group of firms with 1 − 10 work-

ers and control group of firms with 11 − 15 workers using employment data from 1999.

In addition to the standard ITT estimates, Bjuggren (2018, pp. 142–143) uses the firm

size in 1999 as an instrument that allows for the estimation of LATE and captures the

movement below and above the threshold of 11 workers. The results suggest that em-

ployment protection has a profound and negative effect on productivity, as measured by

the logarithm of value added per employee. In the preferred estimates, the reform in-

creased productivity by 2-3%, which is substantial when compared to the annual average

productivity growth of 2.2%. A further examination of the results reveal that the effects

are driven by small and old firms, most likely because the 3 person rule covered greater

share of the personnel in small firms and because old firms had better information on the

productivity of their workers. (Bjuggren, 2018, pp. 143–144.) The mechanism behind the

productivity improvement seems to be an increase in the total factor productivity (TFP)

and to a lesser extent more intensive use of capital. Using workers’ educational level as

a proxy for human capital provides no support for the hypothesis that employment pro-

tection would lead to increased investment in human capital, but this approach naturally

misses the role of firm-specific skills that are most likely captured by the TFP. (Bjuggren,

2018, pp. 145–146.) Overall, the productivity gains are quite impressive when we keep in

mind that the relaxation in employment protection regulation was only very modest.

The results of Bjuggren (2018) are particularly valuable when we try to evaluate

the theories of employment protection that we introduced in Chapter 3. In essence, the

Swedish reform gave employers more freedom to make decisions by expanding the firm’s

choice set of dismissible workers. The result that this expanded choice set resulted in

improved productivity implies that at least older firms were aware of which workers to fire

to improve productivity. Thus, the results suggest that regulation hiders the firms’ ability

to make optimal choices, providing support for the predictions of the neoclassical firm

theory. The fact that firms seem to know who to fire to boost productivity is especially

important if we try to apply these findings to evaluate information-sharing theories. Work-

ers are very unlikely to give firms information that would make firing decisions easier, so

the information-sharing institutions may instead become institutions where the workers

try to persuade their employers not to do optimal choices but decisions that benefit the

employees. This can be connected to the empirically grounded theory of persuasion by

DellaVigna (2009, p. 357) where persuasion is conceptualized as a failure to account

for the incentives of the information provider. In the context of the Finnish layoff nego-
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tiation system, this would mean that the firms know before the negotiations what is the

optimal adjustment, but the heavy persuasion from the worker’s side during the negoti-

ations causes some firms to make suboptimal decisions, leading into reduced average

performance in the firms within the scope of the Cooperation Law. Naturally, the persua-

sion from the workers’ side can still be welfare-improving if they can make firms to better

internalize the negative externalities of their adjustment choices.

In the institutional setting chapter we mentioned that voluntary quits can be inter-

preted as a tool for labor adjustment. Wasmer (2006) develops this idea by suggesting

that employment protection incentivizes firms to substitute voluntary quits for dismissals.

More precisely, Wasmer (2006, p. 2) proposes that firms will try to bypass the employment

protection measures by harassing their workers until they resign voluntarily. This hypothe-

sis is tested by first constructing a measure for the strictness of employment protection in

different Canadian provinces and then merging that to a longitudinal representative health

survey that includes very detailed well-being outcomes, such as questions related to work

stress and antidepressant use (Wasmer, 2006, pp. 14–16). The empirical strategy is de-

signed overcome multiple potential issues. At the individual level, work stress and other

health outcomes may capture individual characteristics rather than job characteristics and

at the regional level the strictness of employment protection is probably correlated with

the overall quality of local labor markets and labor relations, raising concerns for omit-

ted variable bias. These issues are tried to overcome by using regional fixed effects

and adding various individual level controls, such as a dummy for childhood trauma. As

there is very little variance in time in the employment protection measure, causal meth-

ods cannot be used and the results from panel data regression must be interpreted as

descriptive. (Wasmer, 2006, pp. 18–20.) Regressing total stress and sub-components

of stress on employment protection measure yields highly significant coefficients. The

movement from the most permissive legislation to the most stringent is associated with a

0.20 standard deviation increase in total stress and around 1 SD increase in job strain and

stress coming from conflicts with management. Antidepressant use is studied with pro-

bit regression and the estimates suggest a minuscule but statistically significant positive

association with employment protection. However, employment protection is negatively

correlated with financial stress and anxiety about job loss, which implies that the employ-

ment protection indicators capture the difficulty of dismissal and ultimately these results

provide support for the hypothesis that additional job security may not benefit workers

if firms respond to it by making the working conditions worse. (Wasmer, 2006, pp. 21–

25.) In the concluding comments and discussion Wasmer (2006, pp. 4, 25) states that

the net effect of employment protection on employee well-being seems to be negative

and strict labor regulation may also contribute to poor labor relations more generally. It

is also noteworthy that running a simple cross-country regression of perceived job secu-

rity on the OECD indicators of employment protection yields strongly negative estimates

in European data, suggesting that the negative link between employment protection and
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well-being may also generalize beyond the Canadian sample (Cahuc, Carcillo, & Zylber-

berg, 2014, p. 879).

The results of Wasmer (2006) can be used to debunk the hypothesis that employ-

ment protection would boost productivity through improved motivation and worker well-

being. However, the main limitation of Wasmer (2006) is naturally that the setting is not

suitable for finding a causal relationship. Additionally, the health outcomes used in Was-

mer (2006) rely on self-reported survey data and the highly counter-intuitive nature of

the theory would require very robust empirical support before it can be considered plau-

sible. Despite these weaknesses, the study still adds to the quite considerable body of

evidence suggesting that the consequences of employment protection are negative. How-

ever, even if the study of Wasmer (2006) does not support the theory that employment

protection would lead to better performance through increased worker engagement, there

is some evidence that information-sharing could have this kind of an effect. Harju, Jäger,

and Schoefer (2021) study the effects of a pure information-sharing institution on firm out-

comes exploiting a Finnish reform in 1991 that mandated worker board representation in

firms with at least 150 employees. Harju, Jäger, and Schoefer (2021, pp. 1–2) motivate

their study by emphasizing the compelling nature of their design: Usually information-

sharing mandates are combined with additional labor regulation, making it difficult to de-

compose the total effect into information-sharing and labor regulation components, but

the Finnish reform did not include such confounding legislation. The firms are assigned

to treatment and control groups based on their number of employees in 1988 and the ITT

is estimated with the standard difference-in-differences method, whereas the LATE is es-

timated using firm size in 1988 as an instrument (Harju, Jäger, & Schoefer, 2021, pp. 14,

16–18). The results suggest that information-sharing has a profound effect on produc-

tivity, as measured by the logarithm of value added per employee: ITT estimates imply

an increase of 4 to 6 %, whereas the LATE indicates a productivity boost of 13%. TFP

experiences a similar growth of around 6% in the preferred ITT specification and 12% in

the IV-approach. The estimates also imply that the reform had a weak positive effect on

firm survival but no significant effects on capital intensity or profitability. (Harju, Jäger,

& Schoefer, 2021, pp. 31–34.). An additional robustness check is made by studying the

Cooperation Law reform in 2007/2008 with difference-in-differences using the firms with

20− 29 workers in 2005 as treated and firms with 10− 19 or 30− 39 workers as controls,

but no significant effects on survival or productivity are found (Harju, Jäger, & Schoefer,

2021, pp. 35–37).

These results are interesting to compare with the results of Garicano, Lelarge, and

Van Reenen (2016) that Harju, Jäger, and Schoefer (2021, p. 1) cite as an example of a

study that examines the consequences of a legislative framework combining information-

sharing mandates with employment protection measures. After the threshold of 50 work-

ers, French firms are required to set up workers’ council and they are subjected to stricter

employment protection regulation like the requirement to write a social plan as described
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in Section 2.1.4 (see also Garicano, Lelarge, & Van Reenen, 2016, pp. 3453–3454). Sub-

stantial bunching in the firm size distribution below the threshold of 50 workers suggests

that the firms do not believe that information-sharing could undermine the adverse ef-

fects of employment protection, which motivates the use of a structural model that can

be used to estimate the counterfactual distribution (Garicano, Lelarge, & Van Reenen,

2016, pp. 3441–3442). The results of this structural modeling imply that the total effects

of the employment protection measures and other regulation applied after the threshold

are strongly negative, causing a dramatic welfare loss that is equivalent to 3.4 % of GDP

(Garicano, Lelarge, & Van Reenen, 2016, p. 3476). The main driver of this effect seems to

be reduced employment coming from the suboptimal use of labor in the most productive

medium-sized firms (Garicano, Lelarge, & Van Reenen, 2016, p. 3443).

4.3 Hypothesis development

The studies reviewed above help us to choose the theories with the strongest empirical

support and formulate the hypotheses that we will test in the empirical section.

Hypothesis 1a: The layoff negotiation mandate should delay the start of the labor adjust-

ment.

Hypothesis 1b: Firms that go through layoff negotiations should implement the adjust-

ment at once, whereas other firms should adjust their use of labor gradually.

The first part of Hypothesis 1 is highly intuitive: The layoff negotiation system imposes

a legally mandated two-week delay before the adjustment can take place and the fixed

costs associated with the negotiation process should additionally increase the delay by

making firms less responsive to small fluctuations in the optimal level of employment.

The second part of the hypothesis is a natural corollary of the first. Because the layoff

negotiation mandate increases the threshold that triggers the adjustment behavior, the

treated firms will pool all their accumulated need for adjustment into mass layoffs. The

treated firms may also try to avoid going through the negotiations again by integrating their

anticipated future need for adjustment into the mass layoffs, further amplifying the effect.

In contrast, the firms not affected by the negotiation mandate should have more flexibility

to choose the timing of their adjustment. Because the optimal size of the adjustment is

probably not immediately evident, these firms should adjust their use of labor gradually as

they learn more about the situation, resembling the dynamics of the model with quadratic

adjustment costs. In both groups, the adjustment should take place within 3 to 6 months

after the demand shock as suggested by Hamermesh (1993, p. 261).

Hypothesis 2a: The reform should make the treated firms to substitute furloughs for

dismissals.
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Hypothesis 2b: The reform may increase the length of an average furlough spell in the

treated firms.

It is highly intuitive to think that the workers’ representatives will try to convince the firm to

substitute furloughs for dismissals because temporary furloughs lead to smaller adverse

welfare effects than permanent job losses. The effect of this substitution on firms is not

clear in advance. The results of Bjuggren (2018) suggest that firms know who to fire in or-

der to improve productivity, implying that replacing these dismissals with furloughs would

reduce performance. In this case, the layoff negotiation process should be interpreted as

making firms susceptible to non-rational persuasion that hinders their ability to make opti-

mal choices, aligning with the ideas of DellaVigna (2009, p. 357). On the other hand, the

replacement of dismissals with furloughs may improve performance if it increases worker

motivation or investment in firm-specific human capital, as some theories of employment

protection suggest. The second part of Hypothesis 2 is more speculative as it is not a

direct implication of the discussed theories. It is based on the assumption that the firms

affected by the negotiation mandate must implement larger adjustments to compensate

for the cost of the negotiations process.

Hypothesis 3: The reform should result in longer average tenures in the treated firms,

which may also reflect increased investment in firm-specific human capital.

Longer tenures are a natural consequence if the reform reduces employment inflows

and outflows. Additionally, as the increase in adjustment costs incentivizes firms to use

their incumbent workforce more efficiently, the affected firms and their workers should be

more willing to invest in firm-specific human capital. We cannot observe the firm-specific

human capital but if we assume that longer firm-specific experience leads also to better

firm-specific skills, we can use tenure length as a proxy for the firm-specific human capital.

An alternative hypothesis is that firms will respond to the reform by increasing the use of

fixed-term contracts, which would lead to shorter average tenures.

Hypothesis 4a: The reform should reduce employment inflows and outflows in the treated

firms.

Hypothesis 4b: The reform should make the treated firms to substitute hours for workers.

The first part of Hypothesis 4 can be justified using argumentation based on the baseline

matching model: The reform increases firing costs which results in reduced employment

outflows but at the same time the increased firing costs reduce the net present value

of vacancies, making hiring less profitable and thus reducing employee inflows. These

effects are already documented in Keskinen (2017) and we should be able to replicate

them using slightly different data. The second part of the hypothesis follows from the re-

duced employment flows and the method used to calculate the number of employees in

the Cooperation Law. If the reforms makes it harder to adjust the number of employees,
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the firms should react to the changes in the market environment by using their incumbent

workforce more efficiently. Additionally, the application of the Cooperation Law is deter-

mined by the headcount of workers, regardless of their part-time status. If the increase in

anticipated firing costs associated with each new hire is independent of the hours worked,

the affected firms may avoid hiring part-timers.

Hypothesis 5: The reform should decrease productivity and profits in the treated firms.

The Cooperation Law is composed of two elements that may have opposing effects on

productivity and profits. The increased employment protection coming from the layoff

negotiation mandate has theoretically ambiguous effect on productivity but empirical re-

search suggests that the effect is negative. The empirical results of Bjuggren (2018)

indicate that the best theoretical case for this negative effect is that limiting the firm’s

choice set may exclude the productivity-maximizing level of employment that the firm

would choose in a frictionless world. However, the negative total effect of employment

protection does not imply that there are not any positive productivity effects and thus the

reform may still, for example, increase investment in firm-specific human capital. On the

other hand, the theoretical effect of information-sharing on productivity is positive and the

empirical results of Harju, Jäger, and Schoefer (2021) seem to corroborate that. The

total effect of the reform is thus a sum of these opposing elements but we have two ro-

bust reasons to believe why the supposedly negative effect of employment protection will

dominate. Firstly, the study of Garicano, Lelarge, and Van Reenen (2016) that exam-

ines a similar legal framework bundling employment protection with information-sharing

finds that the effect of employment protection is substantially stronger than the effect of

information-sharing. Secondly, the simultaneous financial crisis in 2008-2009 increased

the need for labor adjustment and thus probably also amplified the effect of employment

protection relative to the effect of information-sharing mandates. Finally, we can try to de-

compose the effect to employment protection and information-sharing components using

the differential effects of financial crisis between industries. The effect on profits follows

similar logic.

Hypothesis 6: The reform should reduce survival rate of the treated firms.

Firm survival is a result of adequate firm performance. If the reform reduces firm perfor-

mance, it will also make the continuing of operation less profitable, ultimately prompting

some firms to exit. The effect on survival is highly dependent on the productivity margin

and if the reform had positive effect on productivity, the treated firms should survive with

higher probability than the firms outside of the scope of the Cooperation Law.
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5. EMPIRICAL STRATEGY

5.1 Data

We study the causal effect of the Cooperation Law reform using Statistics Finland micro

data and a novel dataset on layoff negotiations that can be directly linked to the firms in

our sample. As the number of employees1 determines the treatment assignment, partic-

ular attention was given to the construction of a firm size measure that aligns as close

as possible with the scope of the Cooperation Law. Äimälä (2015, p. 39) explains that al-

though the law does not contain explicit guidance on how to deal with fluctuating number

of employees, it is safe to assume that the firm is in the scope of the law if the number of

employees is at least 20 for the most of the year. This information was not available in the

ready-made data sets so we constructed it using the FOLK period employment spell data.

More precisely, the employment spell data was used to first create a monthly worker-level

panel on employment relationships, which was then aggregated to form a monthly firm-

level panel. The treatment status was determined by calculating the average monthly

number of employees in 2005 and assigning firms with 20-29 workers to the treatment

group and firms with 10-19 workers to the control group.2 Year 2005 was used in the

treatment assignment because it is the final year in which we can argue that the firms

were unaware of the upcoming reform (see Section 5.2.1). The firms are followed from

2002 to 2015 so that we have enough pre-treatment years to argue for parallel trends and

enough post-treatment years to capture the potential dynamic effects. The firms were

then linked to the Financial Statement data and the sample was limited to the normal

company types.3 The usual steps of dropping the firms in the agricultural and unknown

sectors were taken to improve the sample quality.

The layoff negotiations dataset was constructed using the database logs that are collected

by KEHA4 when firms inform employment authorities about their plans to hold layoff ne-

gotiations. This dataset is completely novel and constructed by the author specifically

1The number of employees means the unweighted headcount of workers throughout this study.
2The employment measure that we are using to form the treatment and control groups is actually the

number of active employment contracts in the firm. Thus, the number may sometimes include people who
are not actively working in the firm, such as employees in parental leave, but this should not be a major
issue.

3These normal company types are osakeyhtiö, avoin yhtiö, and kommandiittiyhtiö in Finnish.
4KEHA is the central agency that governs the local employment authorities.
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for the purposes of this study, which improves the validity of our estimates as we can

show for the first time that the treatment status actually affects the probability of holding

layoff negotiations. The first contact that mentions layoff negotiations was defined as the

starting date of the negotiation process and all subsequent contacts within the next six

months were interpreted as related to this same layoff negotiation process. The dataset

may contain some false positives – or negotiations that actually did not take place – be-

cause some firms may cancel their plans and the data does not capture that, but false

negatives – or real negotiations that are not documented in the data – are more unlikely

because the firms have a legal mandate to inform the authorities and they most likely

mention layoff negotiations in at least some of their contacts. The figures presented in

the results section suggest that this data accurately captures the layoff negotiations in the

firms that we study.

We study the effects on 12 outcome variables. Employment behavior is studied by exam-

ining employee inflows and outflows as well as the employee counts and the numbers of

full-time equivalent employees (FTE). Inflow is measured using the entry rate or the num-

ber or employee entries in the firm divided by the number of employees in the previous

year. Outflow is measured similarly but by dividing the number of employee quits by the

number of employees in the previous year. Entries and quits were calculated using the

start and end dates in the employment spell data. The employee headcounts and FTE

numbers are studied because that way we can get some insight to the unobserved part-

time status. For example, if the headcount decreases but FTE stays the same, the firms

may have substituted hours for workers as the same amount of work is done with fewer

employees. The main drawback of this approach is that the treated firms have more work-

ers by definition, which can bias the estimated effects. This is tried to remedy by taking

logarithm of both variables in order to compresses the distributions slightly.

Adjustment behavior is studied using the probability of holding layoff negotiations, the

annual number of furloughs in the firm, the average length of a furlough spell, and the

average tenure length in the firm. The probability of holding layoff negotiations is simply a

dummy that is 1 if the layoff negotiation data indicates that the firm holds negotiations in a

given year. Data on the number of furlough spells and their average lengths comes from

the unemployment spell data (FOLK periods). A major drawback of this unemployment

spell dataset is that it lacks information on firm IDs, so we do not know from which firm the

furlough spell originates if the worker has multiple simultaneous employment contracts.

Fortunately, this problem affects only around 1% of furlough spells so we simply assume

that these spells come from the firms that we study. The end date is missing in around

10% of the furlough spells so we calculate the furlough length estimates twice by first

dropping the missing data and then by imputing the missing spell lengths using the aver-

age length. The treatment status does not affect the probability of missing furlough end

dates so it should not bias our estimates. Tenure lengths are computed from the employ-
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ment spell data. If we observe changes in the average tenure length, the firms may have

changed their use of fixed term contracts. Average tenure length can also be used as a

proxy for firm-specific human capital.

Finally, firm performance is studied by examining the exit rates, productivity, and profit

margins. A firm exit is defined simply as a dummy that is 1 if the firm disappears from

the data next year. Productivity is defined as the logarithm of value added per full-time

equivalent employees and alternatively as the logarithm of value added per annual wage

sum. The latter definition may better capture the possible qualitative differences between

employees. Profit margin is defined as the net profit divided by revenue. The profit margin

variable is winsorized at the 1% level because firms may have extreme losses relative to

their revenues before they exit.

5.1.1 Coarsened exact matching

One particular concern that could threaten the validity of our study design is that the

firms below and above the threshold of 20 employees are too different to be meaningfully

compared. For example, bigger firms may operate in different industries and employ more

skilled workforce than smaller firms. As we know that economic shocks have different

effects on different industries and skilled workforce may help firms to survive downturns,

it would be hard to argue that in this case our estimates could plausibly identify the causal

effect because the key assumption of parallel trends would be unlikely to hold.

To address this issue of potential imbalance between the treatment and control groups, we

form the sample using coarsened exact matching. Blackwell et al. (2009, p. 526) define

the process of matching as a data preparation method that tries to increase the quality of

causal estimation by finding the control units that are as similar as possible to the treated

units in their pretreatment control variable values. In exact matching this is achieved by

grouping observations that have exactly the same control variable values with the treated

data. As it is unlikely to find many exact matches among continuous data with many

variables, the CEM algorithm ’coarsens’ the pretreatment control variables by binning

their values into suitable groups and then matching the observations exactly on these

coarsened values. The unique coarsened control variable combinations are called strata,

and the matched dataset is formed by assigning every observation into one stratum and

then dropping the leftover strata that do not include the minimum of one treated and one

untreated unit. (Blackwell et al., 2009, pp. 526–527.) The degree of balance is measured

by L1-statistic whose values lie in the range [0, 1]. A decrease in L1 value indicates that

the matching has improved balance between the treatment and control groups. (Blackwell

et al., 2009, p. 530.) When compared to the original sample, using CE-matched data in

causal estimation leads to a reduction in estimate bias but at the same time their standard

errors will grow larger as there are fewer observations (Huntington-Klein, 2022, Chapter
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Table 5.1. Sample balance in 2005.

Untreated firms Treated firms All firms

mean mean mean

Number of employees 13.770 24.281 16.681

Employee age 38.732 38.787 38.747

Tenure (years) 4.233 4.425 4.286

Share female 0.325 0.337 0.328

Share college 0.234 0.260 0.241

Firm age 8.906 9.446 9.056

Productivity (Employees, FTE) 47910.314 50332.850 48581.808

Productivity (Wage sum) 1.720 1.707 1.716

Mining and quarrying 0.001 0.002 0.001

Manufacturing 0.218 0.260 0.229

Electricity, gas and water supply 0.001 0.003 0.002

Construction 0.160 0.139 0.154

Trade and repair 0.219 0.207 0.216

Hotels and restaurants 0.068 0.060 0.066

Transport, storage and communication 0.093 0.090 0.092

Real estate, renting and business activities 0.185 0.180 0.184

Health and social work 0.034 0.037 0.034

Other community, social & personal services 0.021 0.023 0.021

Observations 7285 2790 10075

Sample balance after applying the CEM-matching.

14).

Naturally, outcome variables can never be used in the matching process, but in our case

we have to also exclude the control variables where there are significant level differences

between the groups. This is because the CEM algorithm forces the pretreatment control

variable distributions to be more identical and if CEM was applied to, for example, financial

assets it would probably find matches only close to the 20 employee threshold as financial

assets and the number of employees are strongly correlated. Thus, the control variables

used in the matching process are industry, the share of employees with college degrees,

and the share of female employees. Share variables are calculated from monthly aver-

ages in 2005. As there are much more firms in the control group, the strata will also have

different numbers of treated and untreated firms. Blackwell et al. (2009, p. 527) suggest

solving this issue by simply using the strata sizes as estimator weights. After applying the

CEM procedure, 1040 firms are dropped from the original sample of 11115 firms, result-

ing in 2790 treated firms and 7285 untreated firms in 647 unique strata. The L1-statistic

is decreased from 0.409 to 0.332, indicating a slight improvement in balance. The full
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balance of pretreatment control variables is given in Table 5.1. We see that the covariates

in 2005 seem to be neatly balanced between the treatment and control groups. Treated

firms have somewhat higher labor productivity than control firms and there are very slight

differences in the shares of manufacturing and construction firms between the groups but

otherwise Table 5.1 indicates that the CEM-matching successfully resulted in a balanced

sample.

5.1.2 Financial crisis

Our study period overlaps with the global financial crisis that was followed by the Great

Recession of 2008-2009. The crisis started from the U.S. housing markets and had pro-

found negative effects on the global economy, reaching Finland in fall 2008 (Mankiw,

2019, p. 530). Although the financial crisis may confound our estimates, the downturn

can also be interpreted as an opportunity to evaluate our theories. The layoff negotiation

institution is at the center of this study but it is activated only when the firms plan to reduce

the use of labor so a downturn that triggers the need for adjustment can make the study

of employment protection easier. Overall, the crisis may emphasize the employment pro-

tection elements in the law and thus help us to answer our main research question but the

external validity of our results may be limited as the findings may not generalize to stable

economic conditions.

5.2 Causal estimation

5.2.1 Difference-in-differences and identification

The changes that take place in the control group outcomes from pre-2008 to post-2008

period are only due to some time trends because the Cooperation Law is not applied

to them. In contrast, the changes in the treatment group outcomes are due to the time

trends plus the possible effects of the reform. If we assume that these trends are equal

between the groups, then subtracting the change in the control group from the change

in the treatment group cancels the time trends and results in the causal effect of the

reform. The method using this kind of logic to estimate causal effects is called difference-

in-differences (see for example Cunningham, 2021, Chapter 9). We define difference-

in-differences and its key assumptions formally using the potential outcomes framework

outlined in Cunningham (2021, Chapters 4 & 9). Let t = 0 be the pre-treatment period

2002-2007 and t = 1 be the post-treatment period 2008-2015. The firm i at time t has

two potential outcomes: Yit(0) if it is not implementing the Cooperation Law and Yit(1) if
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the firm is complying with the law. The group indicator for firm i is:

Di =

⎧⎨⎩1 if firm size ∈ [20, 29] (treatment group)

0 if firm size ∈ [10, 19] (control group),
(5.1)

where the firm size or the number of employees is counted from the monthly average

headcount in 2005. We can now define the realized outcome:

Yit =

⎧⎨⎩Yit(1) if Di = 1 and t = 1

Yit(0) if Di = 0 or t = 0,
(5.2)

which states that the firm i can be treated only in the post-2008 period if it belongs to

the treatment group. Because we are interested in the causal effect of the reform, we

want to know what happens to the same firm i at the post-2008 period when it is treated

compared to the counterfactual case where it is not treated. Cunningham (2021, Chapter

9) calls this effect the average treatment effect on the treated (ATT):

δ̂ATT = E[Yi1(1)− Yi1(0)|Di = 1]. (5.3)

The Equation 5.2 states that the potential outcome Yi1(0) is never realized if Di = 1,

because we assumed that all firms in the treatment group comply with the law in the

post-2008 period. However, we can extract the ATT using the following trick. If we first

decompose the average change in the treatment group minus the average change in the

control group, we get:

(Y 11 − Y 10)− (Y 01 − Y 00) = (E[Yi1(1)|Di = 1]− E[Yi0(0)|Di = 1])

− (E[Yi1(0)|Di = 0]− E[Yi0(0)|Di = 0]),
(5.4)

where Y Dt is the average outcome in groupD at time period t. Next, we add and subtract

the never realized outcome E[Yi1(0)|Di = 1] from the left hand side of Equation 5.4. After

rearranging we get:

(Y 11 − Y 10)− (Y 01 − Y 00) = (E[Yi1(1)|Di = 1]− E[Yi1(0)|Di = 1])⏞ ⏟⏟ ⏞
ATT

+ (E[Yi1(0)|Di = 1]− E[Yi0(0)|Di = 1])⏞ ⏟⏟ ⏞
time trend in the treatment group

− (E[Yi1(0)|Di = 0]− E[Yi0(0)|Di = 0])⏞ ⏟⏟ ⏞
time trend in the control group

.

(5.5)
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We now see that

δ̂ATT = (Y 11 − Y 10)− (Y 01 − Y 00) = (E[Yi1(1)|Di = 1]− E[Yi1(0)|Di = 1])⏞ ⏟⏟ ⏞
ATT

(5.6)

if and only if

(E[Yi1(0)|Di = 1]− E[Yi0(0)|Di = 1])⏞ ⏟⏟ ⏞
time trend in the treatment group

= (E[Yi1(0)|Di = 0]− E[Yi0(0)|Di = 0])⏞ ⏟⏟ ⏞
time trend in the control group

.

(5.7)

The condition stated in Equation 5.7 is called the parallel trends assumption and it is the

main identifying assumption in our study. In other words, the difference-in-differences es-

timates identify the causal effect of the reform if and only if the outcome variables of the

treated and untreated firms had followed similar time trends in the absence of the Cooper-

ation Law reform. Huntington-Klein (2022, Chapter 18) explains that the condition stated

in Equation 5.7 can never be formally tested because it relies on the unobserved coun-

terfactual outcome E[Yi1(0)|Di = 1].5 However, we can argue that the parallel trends

assumption is reasonable if the outcome variables develop similarly in both groups dur-

ing the pre-2008 period. We will show this by plotting the coefficients of the dynamic

difference-in-differences specification stated in Equation 5.9 below. The two other as-

sumptions behind our empirical strategy are the Stable Unit Treatment Value Assumption

(SUTVA) and the assumption that the firms did not anticipate the reform. Huntington-

Klein (2022, Chapter 22) elaborates that the SUTVA is violated if the treatment applied

to the treated group somehow affects the control groups outcomes. In our context this

could mean that the positive or negative effects of the reform spill from treated firms to

control firms through supply chains or some other channels. For example, if the treated

firms produce output that the control firms use as an input and the reform increases costs

in the treated firms, then the negative effects of the reform could spill over to the control

group through increased factor prices. Although it is ultimately impossible to prove that

the SUTVA is not violated, we can argue that the reform was so small that these kinds of

general equilibrium effects are unlikely.

The no anticipation assumption requires that we can show that the firms were unaware

of the upcoming reform in 2005. We can first point out that although the government pro-

gram of 2003 does contain a vague statement on ’comprehensive reform’ of the Cooper-

ation Law, it does not have any reference on expanding the scope of the law and instead

explicitly emphasizes that the employers’ right to make decisions will not be infringed

(Hallitusohjelma, 2003, p. 19). Additionally, we can show that the Google Trends data

reports negligible interest in Cooperation legislation before April 2006. In the Appendix

Figure B.1 the blue line represents the relative search frequency of keywords associ-

5The term E[Yi1(0)|Di = 1] can be read: What would have happened to the expected treated firm
outcome had the reform not taken place.
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ated with the Cooperation Law and it shows clearly that there is no Cooperation-related

information-seeking in 2005 (Google Trends, 2025). To account for the possibility that this

finding is due to missing data or general lack of interest in politics among Finnish internet-

users, we compare the search intensity of the Cooperation Law to that of the incumbent

prime minister at the time. As the orange line in Appendix Figure B.1 implies consistent

interest in politics-related searches starting from 2005, we may conclude that the firms

were unaware of the reform in 2005 when the treatment groups were formed. However,

as the treatment is applied discontinuously at the 20 worker threshold, there are also RD

elements in our design and we have to check the firm size distributions around the reform.

Appendix Figure B.4 shows that there is a slightly alarming bump at the 18-worker bin in

2007, suggesting that some firms may have manipulated their sizes to avoid the cutoff.

Running the density test of McCrary (2008) for the bandwidth of [15, 25] workers implies,

however, that this bump does not qualify as bunching because the associated p-value is

0.779 (see Appendix Figure B.5). Therefore, we may conclude that our assumption of no

anticipation effects seems plausible.6

Finally, we have to keep in mind that being in the treatment group after the reform came

into force does not always mean that the firm is actually complying to the Cooperation

Law. Similarly, being in the control group after 2008 does not mean that the firm is not

exposed to the institutions established in the law. This happens because firms will move

below and above the threshold of 20 workers and some firms will not comply even if

they are within the scope of the law.7 So if we estimate the treatment effect using the

method above, we are actually identifying the intention-to-treat (ITT) that captures the

law’s effect without accounting for the movement across the threshold and possible non-

compliance. Scaling the estimated ITT effects with the treatment take-up rate accounts

for the movement and results in the local average treatment effect (LATE). LATE does

not control for the non-compliance but it is unlikely to be a major issue as we argued in

Section 2.1.4 that non-compliance seems to be rare.

6The McCrary test reports that there is clear bunching in the firm size distribution in 2009, suggesting
that some firms may have reacted to the financial crisis by optimizing their adjustment so that they avoid the
Cooperation Law. However, this bunching disappears after 2009. It is interesting to compare these results
to the smooth firm size distributions reported in Graphs 1-10 in Keskinen (2017, pp. 14–15). Careful study
of the graphs indicates that this difference is probably due to the fact that Keskinen (2017) computes the
size distributions from the whole population of firms, whereas we plot the distributions in the sample that
we use in our analyses.

7It is also possible that some firms comply to the Cooperation Law even if they do not have to. This may
happen if the firms believe that complying to the law is very beneficial to them or if the firms close to the
threshold are uncertain of whether the law applies to them and comply as a precaution. Both explanations
are very implausible because only 2% of small firms supported the reform (Suomen Yrittäjät, 2007, p. 3)
and because it is probably much cheaper to consult a law firm about the scope of the law than to comply
just in case.
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5.2.2 Specification and robustness

We estimate the reform’s total effect using the pooled difference-in-differences estimator

yit = α + δITT (Postt × Treati,2005) + ψi + ζt + uit, (5.8)

where yit is the firm-level outcome of the interest, α is the common intercept, δITT is the

intention-to-treat (ITT) effect, Posti is an indicator for years greater that or equal to 2008,

Treati,2005 is 1 if the firm’s average monthly number of employees was in the range 20-

29 in 2005, ψi contains the firm fixed effects, ζt captures the year or industry-year fixed

effects, and uit represents the idiosyncratic disturbance. If the assumptions of parallel

trends and absence of anticipation and spillover effects are satisfied, the estimated coef-

ficient δ̂ITT identifies the reform’s causal effect on the firms intended to treat. Standard

errors are clustered at the firm level and the CEM weights are added to all regressions.

To further study the assumption of parallel trends and the possible dynamic effects, we

estimate the following dynamic model that interacts the year-indicators ζt with the firm’s

treatment status:

yit = α + δt

2015∑︂
t=2002

(ζt × Treati,2005) + ψi + ζt + ηit, (5.9)

where the year t = 2006 is dropped to act as the baseline reference level. The whole

set of coefficients δt are the main interest of this regression and their estimated values re-

port the annual ITT-effects if the general assumptions behind the difference-in-differences

strategy hold. In an alternative specification the latter ζt in Equation 5.9 is replaced with

industry-year fixed effects.

To account for the fact that firms move above and below the threshold of 20 employees,

we follow Bjuggren (2018) and use the firm’s treatment status in 2005 to construct an

instrument that allows us to calculate the firm’s predicted probability of being in the scope

of the new Cooperation Law. The predicted treatment status is then used to estimate

the local average treatment effect (LATE). More precisely, we estimate the first-stage

equation:

Y Tit = γ0 + γ1(Postt × Treati,2005) + ψi + ζt + νit, (5.10)

where Y Tit = Postt × 1[firm sizet ≥ 20] takes the value of 1 if the firm i is in the scope

of the new law in year t. The predicted values Y T̂ it of the first-stage equation 5.10 are

then plugged in to the second-stage equation:

yit = α + δLATEY T̂ it + ψi + ζt + εit, (5.11)

where δLATE is the coefficient for the local average treatment effect. The LATE can
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be interpreted as δ̂ITT divided by the probability of being in the scope of the new law

(Bjuggren, 2018, p. 143).

In order for the estimated coefficient δ̂LATE to causally identify the LATE, four additional

assumptions must be satisfied. First, the instrument has to be independent of the firm’s

potential treatment status and of the potential outcome. Second, the exclusion restriction

must hold. Third, the first-stage specified in 5.10 has to exist and, fourth, the instrument

has to satisfy a monotonicity condition so that the relationship between the instrument

and later treatment probability is not ambiguous. (Bjuggren, 2018, p. 143.)

Bjuggren (2018, p. 143) explains that the independence between the instrument and the

potential outcome follows from the parallel trends assumption, which by Figures 6.4-6.15

seems to be satisfied. Similarly, the assumption of independence between the instrument

and potential treatment status follows from the absence of anticipation effects, which we

discussed above (Bjuggren, 2018, p. 143). The second assumption mandates that the

instrument has to satisfy the exclusion restriction, which states that the employee count

in 2005 can affect any studied outcome only indirectly through post-2008 firm sizes. Al-

though this cannot be tested formally, we can argue that if the parallel trends assumption

holds before the reform takes place in 2008, then it is unlikely that the firm size in 2005

is affecting the outcome through some other channel that post-reform firm sizes. The

third assumption entails that the first-stage exists, or that the instrument is strongly corre-

lated with the post-2008 firm sizes. As the first-stage regressions have an F-statistics of

over 2000, we may conclude that the relevance assumption is satisfied. Finally, Bjuggren

(2018, p. 143) argues that the monotonicity assumption should be interpreted in this kind

of a setting so that having at least 20 employees in 2005 cannot reduce the probability

of having at least 20 employees after 2008. With the help of Imbens and Angrist (1994,

pp. 469, 472), we can give a more rigorous formulation for this assumption: If a firm is in

the scope of the Cooperation Law in 2008 given some firm size f1 in 2005, then it would

have also been in the scope of the law with some greater firm size f2 in 2005. Put yet an-

other way, monotonicity implies that an increase in the 2005 firm size can never decrease

the probability of exceeding the 20 employee threshold in 2008. It is very reasonable to

think that the monotonicity assumption holds.

Robustness of our results is studied by applying a placebo treatment to year 2006. These

placebo regressions are performed for the pre-treatment period 2002-2007 to avoid cap-

turing real effects. As no real reform takes place in 2006, the estimated effects should

be indistinguishable from zero. Additionally, we try some alternative definitions for our

outcome variables to avoid finding results that are due to flaws in the data preparation.

These alternative outcome variables are discussed in the results section.
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5.2.3 Decomposition of the treatment effects

The total effect of the Cooperation Law reform is composed of the effects of employment

protection and information-sharing mandates. We expect that employment protection and

information-sharing have opposing effects on firm performance, which implies that even

a negligible total effect could mask substantial employment protection and information-

sharing effects if they coincidentally sum to zero. We decompose these effects exploiting

the fact that construction sector complied normally with the information-sharing mandates

but was relatively unaffected by the employment protection regulation. The reason for this

limited exposure to employment protection regulation is that the financial crisis had less

adverse effect on the construction sector and construction sector CBAs also give firms the

right to furlough blue-collar employees without layoff negotiations. To avoid data mining,

we use an external Eurostat (2025) dataset to show that construction firms survived the

financial crisis better than other firms. The total annual turnovers in construction and

other sectors are reported in Figure 5.1. We have indexed the turnovers using 2006 as

the base year to make the comparison easier and added data from Sweden to show that

the crisis’ limited impact on the construction sector was not unique to Finland. The blue

lines show that during the crisis the turnovers dropped by 10 % in the construction sector

in both countries, whereas the orange lines indicate that the fall was 20 % in the other

sectors. The major CBAs are reviewed in Appendix Table B.1 and we see that the two

main construction sector agreements grant firms the freedom to ignore the negotiation

mandate if the need for furloughs is due to fluctuations in demand. However, this does

not mean that construction firms are completely exempt from the negotiation mandate

because these agreements are applied only to blue collar workers. In any case, the

turnover data and CBA exemptions suggest that the construction firms were less exposed

to the layoff negotiation institution, which helps us to extract the effect of employment

protection from that of the information-sharing mandates.

More formally, if we assume that the effects of employment protection and information-

sharing are linear and additive, we can write the decomposition in the non-construction

sectors using the following formula:

ATTother = ATTEP + ATTinfo, (5.12)

where ATTother is the total causal effect of the Cooperation Law reform on the studied

performance outcome and ATTEP and ATTinfo are the effects of employment protec-

tion and information-sharing, respectively. However, the construction firms are not fully

exposed to the employment protection component, so the decomposition takes the fol-

lowing form in the construction sector:

ATTconstr = τATTEP + ATTinfo, (5.13)
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Figure 5.1. Turnover indices in the construction sector and other sectors (Eurostat, 2025).

where τ ∈ (0, 1) measures the intensity of the exposure to employment protection. Now

solving the pair of equations for ATTEP and ATTinfo, yields:

ATTEP =
ATTother − ATTconstr

1− τ
(5.14)

and

ATTinfo =
ATTconstr − τATTother

1− τ
. (5.15)

If the exposure to employment protection is negligible, then τ ≈ 0 and we get the following

neat decomposition formulas:

ATTEP ≈ ATTother − ATTconstr (5.16)

and

ATTinfo ≈ ATTconstr. (5.17)

The key point that Equations 5.14 and 5.15 imply is that when τ > 0, the neat decompo-

sition formulas give the lower bounds for the absolute magnitudes of the causal effects.8

Finally, the abstract ATTs are estimated using the following triple-differences specifica-

8The proof is available upon request.
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tion:

yit = α + δother(Postt × Treati,2005)

+ δconstr(Postt × Treati,2005 × Constructioni)

+ ψi + ζt + εit,

(5.18)

where the dummy Constructioni is 1 if the firm’s letter-level NACE industry code is ’F’.

We do not have to include the Constructioni × Treati and Constructioni × Posti

interactions because they are absorbed by the firm and time fixed effects ψi and ζt. As-

suming the identifying assumptions hold9, we have ATTother = δ̂other and ATTconstr =

δ̂other + δ̂constr.

9Olden and Moen (2022, p. 536) explain that the identifying assumption here is that the difference-in-
differences would have followed similar trends between the construction and other sectors had the reform
not taken place.
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6. RESULTS

6.1 Descriptive analysis

We start our analysis by studying the treatment persistence and how well the treatment

status actually transfers into the probability of holding layoff negotiations. Figure 6.1 plots

the shares of firms with at least 20 employees separately for treatment and control groups.

By the construction of the treatment and control groups, the treatment take-up is perfect

in 2005 as all treated firms have at least 20 workers and none of the control firms exceed

the threshold. The blue line shows that the take-up rate decreases with quite constant

rate after announcement of the reform in 2006, providing further support for our assump-

tion of the absence of anticipation effects. The orange line reports that the share of the

control firms with at least 20 workers reaches 20% in 2008 and then stagnates without

significantly increasing after that. This finding is interesting because it can be due to the

persistent adverse effects of the financial crisis on employment growth or because the

control firms may have optimized their hiring decisions to avoid the law. Harju, Jäger,

and Schoefer (2021, p. 17) explain that the gap in the take-up rates between the groups

in post-2008 period can be interpreted as the first-stage of our design. We see that the

difference in the take-up rates stays always above around 40 percentage points, which

suggest that our treatment indicator translates quite well into the actual post-reform status

of being in the scope of the Cooperation Law.

Figure 6.2 plots the shares of firms that hold layoff negotiations by treatment status. Firms

with 30-39 workers in 2005 are included in the figure for reference. The figure shows

that before the reform negotiations are very rare in the treatment group and almost non-

existent in the control group. However, the blue line indicates that some treated firms held

negotiations even in 2005 when the groups were formed. The construction of treatment

and control groups allows for that as the assignment is based on the monthly average

number of employees and some firms may have temporarily exceeded the 30 worker

threshold of the old law. The difference in negotiation probability between our sample

and firms with 30-39 employees is still noticeable in the pre-treatment period when we

compare the blue and orange lines to the gray dashed lines that reports the probability

of negotiations in the reference firms. After the reform is passed in 2008, we see a clear
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jump in the negotiation probability among the treated firms. The orange line suggests that

some control firms are also having negotiations, which is to be expected as some control

firms enter the scope of the law. The difference in the negotiation probability between the

treatment and control groups increases substantially in the post-2008 period, showing

that being in the treatment group is clearly associated with higher probability of holding

negotiations. The financial crisis is also saliently present in Figure 6.2 as the negotiation

probability peaks in 2009. The reason why the negotiation probability among treated

firms never reaches the negotiation probability of firms with 30-39 workers is most likely

that the firms with more workers stay in the scope of the law with higher probability.

Annual negotiation probabilities appear also to remain permanently at higher levels after

2008, which may due to persistent adverse effects of the crisis or simply show that the

negotiation data becomes more comprehensive over time. In any case, we can conclude

that the treatment assignment seems to really capture the exposure to the Cooperation

Law, which strongly supports the validity of our design.

In addition to negotiation probabilities, we are also interested in what happens in the

firms during the negotiations. The shares of furloughed workers before and after the lay-

off negotiations are plotted in Figure 6.3. The blue line represents firms that hold real

negotiations and the time in Figure 6.3 is always calculated relative to the firm’s first-

ever negotiations. In order to have a meaningful comparison group, we have imputed a

pseudo-event for the other firms that are in the same CEM strata with the negotiation-

holding firms. This pseudo-event is added to the date when the first real negotiations take

place within the strata and the share of furloughed workers in these counterfactual firms is

depicted by the orange line. The blue line shows that only very few workers are furloughed

during the three years before the negotiations but the share peaks rapidly after the nego-

tiations take place. The timing of the furlough peak two months after the first contact to

employment authorities corresponds closely to the regulation of the negotiation process

as the adjustment can take place only after the whole process is finished. The orange line

indicates that the share of furloughed workers increases after the pseudo-negotiations,

which is surprising as the imputed date should not have any special meaning for the

counterfactual firms. This result is most likely due to the fact that majority of the first ne-

gotiations take place during the financial crisis and because firms in the same CEM strata

are also in the same industry, they respond to the crisis similarly and around the same

time. The figure suggests also that the share of furloughed workers remains permanently

at a higher level after the negotiations. This can be again evidence of persistent effects

of the crisis but it can also be a statistical artifact as the firms usually shrink in size after

the negotiations while the minimum amount of furloughs is always one.

Figure 6.3 helps us also to evaluate the first hypothesis. Hypothesis 1a states that nego-

tiation mandate should delay the start of the labor adjustment but Figure 6.3 shows that

the non-negotiating counterfactual firms actually start their adjustment around the same
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time. If we look at Figure 6.2 that shows the shares of firms having negotiations, we see

that layoff negotiations are quite rare even during the financial crisis when only around

8% of treated firms went through negotiations. Figure 6.3 excludes all CEM strata where

no firm negotiates, so the similar adjustment timings may be due to the fact that the se-

lected counterfactual firms have no other tools to react to the crisis than labor adjustment.

In an unreported graph these same firms are linked to monthly VAT sales data, which

shows that sales start to plummet around three months before the negotiations. Although

the negotiating firms seem to be a highly selected subgroup, these findings suggest that

firms usually react to fluctuations in demand quite quickly. The second part of hypothesis

1 claimed that negotiating firms should pool their adjustment into mass layoffs, whereas

other firms should adjust their use of labor gradually. Comparing the peak in the blue line

to the more smooth gradual increase in the orange line strongly supports this hypothesis.

The furlough peak after the negotiations provides also indirect evidence on the substan-

tial fixed costs of the adjustment, replicating the findings of Abowd and Kramarz (2003).

We see also that the most pronounced peak disappears in 6 months after the negotia-

tions, which aligns perfectly with results of Hamermesh (1993, p. 261) where the median

lag was estimated to be within 3 to 6 months after the shock. Overall, these preliminary

results strongly support the robustness of our design and motivates us to proceed with

the causal estimates.
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6.2 Adjustment behavior

Probability of negotiations. We start our analysis by conducting the difference-in-

differences analysis to the layoff negotiation probability. The results of the dynamic

difference-in-differences specification with firm and industry-year fixed effects are plot-

ted in Figure 6.4. We see that the pre-trends diverge slightly as the treated firms had

higher probability of holding negotiations in 2004 and 2005 but this is not a great con-

cern as the divergence is only minuscule. After the reform in 2008 the probability differ-

ence grows rapidly and stays permanently at a higher level, peaking in 5% in 2009 and

then fluctuating around 2-3%. Column (1) of Table 6.1 reports the results of pooled ITT

and LATE estimations. The ITTs indicate strongly significant 2,6-2,8 percentage points

increase in negotiation probability depending on the specification, whereas the LATE re-

ports a 5,6 percentage points increase. The LATE more than doubles the magnitude of

ITT, which implies that the take-up rate is around 45%. The baseline means reported in

the last rows of Table 6.1 show that the average annual share of negotiating treated firms

in the whole post-treatment period is 4%. These result further support the finding that

negotiations seem to be quite rare. Comparing the negotiation probabilities to the 4,5%

average annual exit rates in the post-treatment period reported in Column (1) of Table

6.3, suggests that negotiations may take place mostly in firms that are going to exit in the

future. An unreported graph plots exits rates around layoff negotiations and shows that

the exit probability is elevated permanently after the negotiations while the exit peak takes

place in twelve months after the start of the negotiations. These findings are remarkable

because the negotiation process does not increase job security as intended if the ne-

gotiations take place primarily in failing firms. However, more comprehensive analysis

would be needed to provide any definitive answers to the question on how negotiations

concentrate to poor-performing firms.

Furlough behavior. Hypothesis 2a states that the reform should have made the treated

firms to substitute furloughs for dismissals. We study this by examining how the reform

affected the number of the furlough spells in firms. Dismissals are very hard to observe

because we cannot reliably separate genuine dismissals from voluntary quits and ending

fixed-term contracts. However, a clear response at the furlough margin provides indi-

rect evidence on the substitution because it is implausible that firms would change their

furloughing behavior while keeping dismissals unchanged. The variable that measures

the number of furloughs is constructed so that it captures the furlough peak observed

in Figure 6.3. More precisely, it measures the maximum annual number of simultane-

ous furlough spells in the firm. We take logarithm of the outcome variable to compress

the distributions that may be different between the treatment and control groups. Natu-

rally, the log-transformation drops the firms that do not furlough at all, so we are studying

the effects on furlough behavior conditional on furloughing. Given this interpretation, the
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exclusion of zeros is not incorrect. The results of the dynamic difference-in-differences

model with firm and industry-year fixed effects are plotted in Figure 6.5. We see that the

furlough measure exhibits quite concerning divergence in the pre-treatment trends, even

though the pre-treatment point estimates are not statistically significant. The dynamic

model suggests that the reform increased furloughs by around 18% during the financial

crisis and between 7-16% after that. The pooled ITT and LATE estimates are reported in

Column (2) of Table 6.1. We see that the placebo treatment applied in 2006 is strongly

significant, which implies that the key identifying assumption of parallel trends is violated.

The ITT estimates range from 8,7% to 17,8% increase in furloughs but these coefficients

do not have any meaningful interpretations as the parallel trends assumption does not

hold. If we run these analyses again using share of furloughed workers as the outcome,

the pre-treatment trends develop similarly but we find null effects. The baseline means

show that the average number of furloughed workers ranges from 3 to 4 in treated firms

and from around 2 to 3 in control firms. This suggests that the 10 furlough threshold that

triggered longer negotiations in the old law was rarely exceeded in small firms. Another

implication is that if we divide the numbers of furloughs by the average number of workers

in the same groups (reported in Table 6.2), we see that the probability of being adjusted

is around 15-17%. As the probability is quite low, the laid off workers may be a highly

selected subgroup of the staff. Studying the choice of furloughed workers would require

more comprehensive analysis but very preliminary regressions suggest that the greatest

predictor of furlough is that the worker has ever been furloughed before. A logit regres-

sion that controls for basic demographic characteristics shows that being ever furloughed

before increases the odds ratio of furlough by more than 10 times.

Hypothesis 2b suggests that the reform may have increased the length of furlough spells

in the treated firms because the negotiation mandate may result in a need for larger

adjustments to compensate for the cost of the negotiations process. As the end date is

missing from around 10% of the furlough spells, we run the analyses first by dropping the

missing observations and then by imputing the average spell length to missing end dates.

The results are qualitatively the same in both cases, so we report the estimates from

the latter regression that uses imputed spell lengths. The estimates from the dynamic

specification with firm and industry-year fixed effects are reported in Figure 6.6. We see

that the pre-trends seem to develop similarly but the causal effects are indistinguishable

from zero. Column (3) of Table 6.1 shows that the pooled specification with only year fixed

effects suggest that the reform decreased the average spell length by 6 days but the effect

disappears when we add firm fixed effects. Huntington-Klein (2022, Chapter 16) explains

that firm fixed effects cancel the between-firm variation so the found effect was driven

by some differences between firms that stay constant over time. The specifications that

add firm fixed effects with either year or industry-year fixed effects report ITT estimates

ranging from -1.6 to -1.7 days, whereas the LATE specification with firm and industry-year
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fixed effects suggest a reduction of 3.8 days. None of these effect is significant and the

standard errors exceed the estimates in absolute magnitude. Thus, the results indicate

that the reform did not affect average furlough spell lengths. The dynamic results in Figure

6.6 shows also that the variance stays roughly constant over time, which suggests that

comparing simply the average lengths does not hide other changes in the furlough length

distributions. Overall, we could not find any effects on quantitative measures of furlough

behavior but the reform may still have affected the decision of who is furloughed, which is

hard to observe.

Tenure lengths. Hypothesis 3 states that the reform should have resulted in longer aver-

age tenures in the treated firms. The results of dynamic model with firm and industry-year

fixed effects are given in Figure 6.7. We see that the pre-trends develop very similarly with

narrow confidence intervals and the post-reform point estimates are negative. The neg-

ative effect seems to unfold over time starting from a marginally significant reduction of

1 month and ending in a strongly significant decrease of more than 2 months. These

findings support the alternative hypothesis that proposed firms would respond to the re-

form by increasing the use of fixed-term contracts. Use of fixed-term contracts could also

explain why the effect grows stronger over time as hiring probably stops in many firms

during the crisis. These results are also in line with the hypothesis of Abowd and Kramarz

(2003) who predict that employment protection incentivizes firms to adjust their use of

labor mainly through hiring decisions. The results from the pooled models are reported in

Column (4) of Table 6.1. The model that includes only year fixed effects suggests insignif-

icant ITT effect of -0.9 months but when we add firm fixed effects we find very precisely

estimated ITT effects of -1.5 months in both year and industry-year fixed effects specifi-

cations. The LATE roughly doubles the coefficient, indicating a 3.3 month reduction in the

average tenure length. The precisely estimated null pre-trend and insignificant placebo

treatment support the robustness of these findings. Looking at the baseline means shows

that the average tenures grow by more than 20 months in both groups from pre-treatment

to post-treatment period, which shows that the majority of workers are still under perma-

nent contracts even in treated firms. These findings do not falsify the original hypothesis

that employment protection would make firms to invest in the incumbent staff more heav-

ily but the fixed-term mechanism seems to dominate. The treated firms may have also

increased their use of staffing services but this is not observed. Although the reduction

in average tenure length is quite modest, it still provides robust evidence that the reform

affected adjustment behavior in at least some firms. However, we have to keep in mind

that the use of fixed-term contracts is not observed directly and the mechanism is de-

duced using theory. One alternative explanation that could explain the reduction in tenure

lengths is that the negotiation mandate would induce elder workers to retire early. This

could take place simultaneously with the increased use of fixed-term contracts but the

effect is probably not very strong as early retirement is available only for few workers.
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Table 6.1. Effects on adjustment behavior.

Adjustment outcomes (2002-2015)

(1)
Probability of
negotiations

(2)
Log furlough†

count

(3)
Mean furlough†

length
(days)

(4)
Mean tenure

length
(months)

ITT: Year Fixed Effects

Treatment (2008) 0.028∗∗∗ 0.178∗∗∗ -6.066∗∗∗ -0.933

(0.002) (0.023) (1.545) (1.009)

ITT: Year + Firm Fixed Effects

Treatment (2008) 0.026∗∗∗ 0.087∗∗∗ -1.620 -1.561∗∗∗

(0.002) (0.025) (2.049) (0.570)

ITT: Industry-Year + Firm Fixed Effects

Treatment (2008) 0.026∗∗∗ 0.093∗∗∗ -1.716 -1.513∗∗∗

(0.002) (0.025) (2.042) (0.562)

Placebo (2006) -0.001 -0.072∗∗ -0.824 0.073

(0.001) (0.030) (2.785) (0.314)

LATE: Industry-Year + Firm Fixed Effects

Treatment (2008) 0.056∗∗∗ 0.205∗∗∗ -3.776 -3.330∗∗∗

(0.005) (0.055) (4.493) (1.236)

2002-2007 Average (Treated) 0.005 3.006 46.447 52.466

2008-2015 Average (Treated) 0.040 4.033 47.482 73.726

2002-2007 Average (Control) 0.001 2.343 52.482 50.551

2008-2015 Average (Control) 0.011 2.967 53.455 72.792

DiD 0.025 0.403 0.062 -0.981

Observations 119540 36257 36257 119540
† Effects on the furlough margin are calculated only for furloughing firms.
Notes: Standard errors clustered at the firm level are presented in parentheses. ITT is estimated using Equation

5.8 and LATE using Equation 5.11. Regressions are weighted using the size of CEM strata as weights (see
Blackwell et al., 2009, p. 527). DiD is the difference in the treatment group minus the difference in the control
group (in levels, not logs).
∗p < 0.10, ∗∗p < 0.05, ∗∗∗p < 0.01. Estimates significant at the 10% level are presented in bold.
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6.3 Employment behavior

Employment inflows and outflows. Hypothesis 4a states that the reform should have

decreased employment inflows and outflows in the treated firms. The hypothesis was

derived from the baseline matching models that predict employment protection reduces

the flow of workers by simultaneously making new vacancies less valuable and existing

jobs harder to destroy. We study the employment flows by constructing worker entry and

quit rates. The entries and quits are calculated from the employment spell data and they

are divided by the number of employee in the previous year to compute the rate variables.

The resulting outcomes include a small number of extreme outliers so we winsorize both

variables at the 1% level. The coefficients of the dynamic models with firm and industry-

year fixed effects are presented in Figures 6.8 and 6.9. We see that both outcomes exhibit

quite parallel pre-trends in the post-2008 period although in 2007 the point estimates in-

crease in both outcomes raising mild concerns about the parallel trends assumption. The

reform was passed in June 2007 ant came fully into force in January 2008 so modest

reactions in 2007 do not ruin our design. The post-reform point estimates report pos-

itive but insignificant effects on the worker flows, which is contrary to our expectations.

The pooled ITT and LATE estimates are given in Columns (1) and (2) of Table 6.2. The

specification that includes only year fixed effects suggest insignificant but negative ITTs,

showing around 2 and 1.2 percentage point reductions in the entry and quits rates, re-

spectively. However, when we add firm fixed effects, the ITTs report insignificant 1.8 and

1.2 percentage point increases in the entry and quit rates. The LATEs roughly double the

ITT effects, suggesting noisily estimated 4 and 2.6 percentage point increases in the flow

outcomes. These results are surprising as Keskinen (2017, pp. 17–18) found that the

reform decreased the employment flows by 4 to 7 percentage points. As the construction

of the flow variables may be prone to errors, we created alternative flow outcomes that

exclude the entries and quits where the gap between consecutive employment spells in

the same firm is less than one month. However, running the analyses using these alterna-

tive outcomes produces qualitatively similar results. Additionally, the Ministry of Finance

reports in the governments proposal for the forthcoming Cooperation Law that they could

not either replicate the employment results found in Keskinen (2017) (Hallituksen esitys,

2024). When we look at the baseline means in the last rows of Table 6.2, we see that

the employment flows are reduced quite radically in both groups. Inflows drop from over

90% in the pre-treatment period to 55-60% in the post-treatment period, where as the

outflows fall from 80-84% to 55-59%. The are no remarkable differences between the

groups, which may suggest that the firms simply reduce hiring during the crisis. Outflow

reduces also during the crisis as workers quit voluntarily less frequently. In any case, our

results suggest that the reform did not affect employment flows.
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Substitution between hours and workers. Hypothesis 4b claims that the reform should

incentivize the treated firms to substitute hours for workers. As employment protection

reduces the value of hiring new workers, the firms should use their incumbent staff more

efficiently. We cannot observe the part-time status but we try to make indirect conclusions

by comparing the effects on full-time equivalent employees (FTE) and on the number of

workers. The former variable can be interpreted as a measure for the work hours in the

firm so if we observe that the FTE employees stays constant while the number of workers

decrease, the firm is doing the same amount of work with fewer employees, which may

show that the firm is substituting hours for workers. Both employment measures are

greater in the treated firms by the construction of the treatment and control groups, so we

use logs to compress the distributions slightly. The effects on FTE employees and number

of workers from the dynamic model with industry-year and firm fixed effects are reported

in Figures 6.10 and 6.11, respectively. The pre-treatment point estimates suggest that

the time trends may have diverged slightly in both outcome variables. The trend is more

salient in the log number of workers where the point estimates first raise and then drop

in 2007. Although the pre-2008 coefficients are statistically indistinguishable from zero,

the diverging patterns still suggest that we should interpret our estimates with caution.

After the reform, the point estimates start to decrease in both outcomes, but the effect

is more pronounced on the log number of employees. The number of FTE employees

shows insignificant reductions ranging from -1% to around -5%, whereas the marginally

insignificant drops in the number of workers range from -2.5% to -5%. The pooled ITT

and LATE estimates are presented in Columns (3) and (4) of Table 6.2. The benchmark

specification with only year fixed effects suggests strongly significant 75% increase in

FTE employees and 70% increase in number of workers. These huge estimates are

clearly driven by some time-invariant differences between firms as the ITTs reduce to

insignificant reduction of 1.8% in FTE employees and strongly significant reduction of

3.6% in number of workers after adding the firm fixed effects. The corresponding LATE

estimates are -4.1% and -7.8%. The fact that the number of FTE employees falls less

than the number of workers supports our hypothesis that treated firms do roughly the

same amount of work with smaller number of employees or substitute hours for workers.

However, we cannot exclude the possibility that these results are only statistical artifacts

that raise from the fact that treated firms have more workers. Because the flow variables

showed null effects, it is slightly contradictory that we finds negative effects on the number

of workers. Therefore, these results must be interpreted as very tentative.
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Figure 6.8. Effects on employment inflows or worker entry rates (Equation 5.9, 95% CI).
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Figure 6.9. Effects on employment outflows or worker quit rates (Equation 5.9, 95% CI).
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Figure 6.10. Effects on the log number of full-time equivalent employees (Equation 5.9,
95% CI).
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Figure 6.11. Effects on the log employee headcount (Equation 5.9, 95% CI).
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Table 6.2. Effects on employment behavior.

Employment outcomes (2002-2015)

(1)
Entry rate1

(2)
Quit rate2

(3)
Log firm size

(FTE)

(4)
Log firm size
(headcount)

ITT: Year Fixed Effects

Treatment (2008) -0.020 -0.012 0.560∗∗∗ 0.534∗∗∗

(0.016) (0.016) (0.018) (0.017)

ITT: Year + Firm Fixed Effects

Treatment (2008) 0.018 0.012 -0.019 -0.036∗∗

(0.016) (0.015) (0.016) (0.016)

ITT: Industry-Year + Firm Fixed Effects

Treatment (2008) 0.018 0.012 -0.018 -0.035∗∗

(0.015) (0.015) (0.016) (0.016)

Placebo (2006) 0.023 0.016 -0.002 -0.016

(0.015) (0.013) (0.010) (0.012)

LATE: Industry-Year + Firm Fixed Effects

Treatment (2008) 0.040 0.026 -0.041 -0.078∗∗

(0.033) (0.032) (0.035) (0.035)

2002-2007 Average (Treated) 0.8899 0.7976 20.932 24.058

2008-2015 Average (Treated) 0.5575 0.5515 23.466 27.153

2002-2007 Average (Control) 0.9399 0.8430 11.821 13.744

2008-2015 Average (Control) 0.5983 0.5860 13.271 15.647

DiD 0.0092 0.0109 1.084 1.192

Observations 114013 114013 117579 119540
1 2 Entry rate (quit rate) is calculated by computing the number of worker entries (quits) in a given year

and dividing that by the average number of employees in the previous year (both rates are winsorized
at the 1% level).
Notes: Standard errors clustered at the firm level are presented in parentheses. ITT is estimated using

Equation 5.8 and LATE using Equation 5.11. Regressions are weighted using the size of CEM strata
as weights (see Blackwell et al., 2009, p. 527). DiD is the difference in the treatment group minus the
difference in the control group (in levels, not logs).
∗p < 0.10, ∗∗p < 0.05, ∗∗∗p < 0.01. Estimates significant at the 10% level are presented in bold.
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6.4 Firm performance

Productivity and profit margin. Hypothesis 5 claims that the reform should have re-

duced productivity and profits in the treated firms. We study the productivity responses

using two different productivity measures. The first measure is the traditional logarithm

of value added per full-time equivalent employees and the second measure is logarithm

of value added per wage sum. Figures 6.12 and 6.13 report the results of the dynamic

specification with firm and industry-year fixed effects, respectively for the FTE and wage

sum measure. Both productivity measures seem to exhibit parallel pre-trends, although

for some reason the point estimates in FTE measure stay at elevated levels during the

whole pre-2008 period. The post-reform point estimates suggest that the reform had

moderate positive productivity effects. The FTE measure reports effects from 1% to more

than 3%, although in 5 out of 8 years the estimates are insignificant. The effect is slightly

more pronounced in the wage sum measure where the estimates fluctuate in the range

from 0.8% to 3.8% but the effect is statistically significant only in 2010. The results from

the pooled specification are given in Columns (1) and (2) of Table 6.3. The benchmark

ITT specification with year fixed effects reports that FTE productivity increased by 2.5%,

but the effect is reduced to around 1% after adding firm fixed effects. The LATE esti-

mate shows an increase of 2.6%, although none of the estimates is significant. When

productivity is measured using the wage sum, our preferred specifications with firm fixed

effects report quite precisely estimated increases of 1.6%. The LATE estimate suggests

that productivity increased by 3.5% and the result is significant at the 5% level. Over-

all, the results indicate that the reform had a small positive effect on productivity. One

theory that could explain why the effect is stronger in the wage sum measure is the pre-

diction of Freeman and Lazear (1995) who claim that employee representation makes

workers’ demands ’less aggressive’ during downturns. We test this theory by running the

difference-in-differences analyses on average wages but find no effects. However, the

wages may still play important role as the baseline means show that the value added per

wage sum drops from 1.7-1.9 to 1.4-1.5 after the crisis, suggesting that wages increased

faster than value added. Overall, this positive finding is unexpected as the theory and

previous studies suggested quite consistently that the effect of employment protection is

negative. The results are also in contrast with the negative findings in Keskinen (2017,

p. 17).1 One potential explanation for our findings is that the Cooperation Law is com-

posed of two parts and the positive effect of information is stronger than expected. It is

also possible that the effect of employment protection is positive but in that case we would

expect the effect to be more pronounced as the law would combine two productivity boost-

ing institutions. The decomposition exercise in Subsection 6.5 supports our hypothesis

that the productivity effect of employment protection is negative but the positive effect of

1The results in Keskinen (2017, p. 17) may have been driven by some extreme outliers as log-
transformation is not applied to the productivity measure.
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information-sharing seems to dominate and be stronger than expected.

We measure profitability with the profit margin or the net profits divided by revenue. As

firms tend to have extreme losses relative to revenue before they exit, we winsorize the

profit margin variable at the 1% level. The estimates from the dynamic specification with

industry-year and firm fixed effects are presented in Figure 6.14. We see that the parallel

trends assumption seems to be satisfied and the effect on profit margin appears to be

zero. The pooled specification reported in Column (3) of Table 6.3 show similar negligible

null effects. When we look at the last rows of Table 6.3, we notice that the average profit

margins range from 2.3% to 2.6% in the pre-treatment period and then drop sharply to

around 0-0.5%. This suggests that the adverse effects of the financial crisis were quite

substantial. The crisis may also confound the potential profit effects because the negative

profit margins of failing firms may have disproportionate weights in the analysis. It is also

possible that the employment protection and information-sharing institutions work in op-

posite directions and mask the individual effects, which will be tested in the decomposition

section.

Firm survival. Hypothesis 6 proposes that the reform reduced firm survival. We study

this by examining the reform’s effect on exit rates. The dynamic effects are plotted in

Figure 6.15, again from the specification with industry-year and firm fixed effects. We see

that the exit rates follow very similar trends in the pre-2008 period but reform seems not

to have any effect on firm survival. Variance in the survival rates increases slightly but

this may be a statistical artifact as the exit rates tend to grow over time. The results from

pooled specifications are given in Column (4) of Table 6.3 and they suggest consistent

null effects. Again these findings may be due to the confounding adverse effects of the

financial crisis or due to the potentially contrasting effects of employment protection and

information-sharing. However, the reform did not affect firm survival during the crisis,

which is an important finding as the additional regulatory burden could have increased exit

rates in the treatment group. Overall, our results do not support the original hypothesis

that the reform was adverse to firms as we observe modest increases in productivity and

no effects on profit margins and exit rates. The most likely explanation for this slightly

surprising result is that the effect of information-sharing is stronger than expected. One

mechanism that could explain this is the fact that all treated firms were exposed to the

information-sharing institution, whereas the layoff negotiations were held only in a minority

of firms. However, the effects of the reform were not uniformly positive or neutral as we

found evidence on increased use of fixed-term contracts, which may have adverse welfare

effects on employees.
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Figure 6.12. Effects on log value added per full-time equivalent employees (Equation 5.9,
95% CI).
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Figure 6.13. Effects on log value added per wage sum (Equation 5.9, 95% CI).
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Figure 6.14. Effects on profit margin (Equation 5.9, 95% CI).
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Table 6.3. Effects on firm survival and performance.

Performance outcomes (2002-2015)

(1)
Productivity

(per worker)1

(2)
Productivity
(wage sum)2

(3)
Profit

margin3

(4)
Exit rate

ITT: Year Fixed Effects

Treatment (2008) 0.025∗∗ -0.006 -0.005∗∗ 0.003

(0.012) (0.009) (0.003) (0.002)

ITT: Year + Firm Fixed Effects

Treatment (2008) 0.011 0.016∗∗ 0.002 0.004

(0.009) (0.008) (0.002) (0.003)

ITT: Industry-Year + Firm Fixed Effects

Treatment (2008) 0.012 0.016∗∗ 0.002 0.004

(0.009) (0.008) (0.002) (0.003)

Placebo (2006) -0.013 0.000 -0.001 -0.003

(0.008) (0.007) (0.002) (0.004)

LATE: Industry-Year + Firm Fixed Effects

Treatment (2008) 0.026 0.035∗∗ 0.004 0.009

(0.019) (0.018) (0.005) (0.006)

2002-2007 Average (Treated) 50759.50 1.885 0.023 0.015

2008-2015 Average (Treated) 54440.90 1.375 0.0004 0.045

2002-2007 Average (Control) 47851.54 1.745 0.026 0.017

2008-2015 Average (Control) 53523.33 1.452 0.005 0.044

DiD -1990.39 -0.217 -0.002 0.003

Observations 114707 114531 117118 119540
1 Logarithm of value added per number of full-time equivalent employees.
2 Logarithm of value added per wage sum.
3 Net profit divided by revenue (winsorized at the 1% level).
Notes: Standard errors clustered at the firm level are presented in parentheses. ITT is estimated

using Equation 5.8 and LATE using Equation 5.11. Regressions are weighted using the size of
CEM strata as weights (see Blackwell et al., 2009, p. 527). DiD is the difference in the treatment
group minus the difference in the control group (in levels, not logs).
∗p < 0.10, ∗∗p < 0.05, ∗∗∗p < 0.01. Estimates significant at the 10% level are presented in bold.
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6.5 Decomposition
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Figure 6.16. Share of firms holding layoff negotiations in the construction sector and
other sectors.

We argued in Section 5.2.3 that the construction firms are exposed to the employment

protection elements of the Cooperation Law less than others because the financial crisis

had less adverse effects on the construction sector and the relevant CBAs grant firms

the right to furlough blue-collar workers without layoff negotiations. Figure 6.16 plots the

shares of firms holding layoff negotiations and we see clearly that construction firms have

negotiations less frequently than others. However, they are not completely exempt from

the negotiation mandate because they have to hold negotiations if they want to dismiss

employees or furlough workers under other CBAs. The results from the triple-differences

specification of Equation 5.18 are presented in Table 6.4. We see from Column (1) that

the effects on firm survival are negligible: the specification that includes year and firm

fixed effects suggests that the ITT effect on exit rates is 0.4 percentage points in other

sectors and 0.6 percentage points in construction. The specification that adds industry-

year fixed effects shows that the corresponding effects are 0.3 and 1.2 percentage points

but none of the estimates is significant. The decomposition is not meaningful for exit rates

because the estimates are very noisy.

The effects on log value added per full-time equivalent employees are reported in Col-

umn (2) of Table 6.4. The benchmark specification with year and firm fixed effects shows
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that the effect on productivity is 0.4% in other sectors and 5.2% in the construction sec-

tor. The difference in effects suggest that the total productivity effect of the reform masks

substantial individual effects of employment protection and information-sharing. We start

the decomposition by first assuming that the construction sector is not exposed to em-

ployment protection at all. In this case, the productivity effect in the construction sector is

completely due to information-sharing:

ATTconstr = ATTinfo = 5.2%. (6.1)

In other sectors the total effect is composed of employment protection and information-

sharing and sums to 0.4%. Assuming the effects are additive, we solve:

ATTEP = ATTtotal − ATTinfo = 0.4%− 5.2% = −4.8%. (6.2)

These results show that the productivity effect of employment protection is negative and

the effect of information-sharing is positive, aligning perfectly with our theories. The

effects are also quite substantial in magnitude. If we perform the same decomposi-

tion using the specification with industry-year fixed effects, we get ATTinfo = 2% and

ATTEP = −1%, which is again in line with the theoretical predictions. Now, if we as-

sume that the exposure to employment protection is partial in the construction sector,

then the true productivity effect of information-sharing would be greater than what the es-

timates suggest and the effect of employment protection would be more negative. Thus,

the decomposed effects should be interpreted as the lower bounds of the absolute treat-

ment effect magnitudes. Additionally, these estimates come from ITT specifications, so

if we scale them with the approximate 50% take-up rate, we see that the negative ef-

fect of employment protection could range from -9.6% to -2% and the positive effect of

information-sharing from 4% to 10.4%, and these numbers give just the lower bounds of

the magnitudes. However, the critical assumption that this decomposition relies on is that

the effects of information-sharing and employment protection are similar in construction

firms and other firms. This assumption is most likely false but given the close alignment

with theory, we may still conclude that the productivity effects of information-sharing seem

to be positive and the effects of employment protection are negative. The alternative pro-

ductivity measure supports these findings weakly if we look at the model with firm and

year fixed effects in Column (3). The other models introduce some confusion as they

suggest that information-sharing has negative effects on productivity and profit margins.

However, these estimates are very noisy, so we can conclude the analysis of our results

by stating that the effects of the Cooperation Law reform on firms seem to range from

positive to neutral and without the layoff negotiation mandate the positive effects would

probably have been more pronounced.
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Table 6.4. Survival and performance responses in the construction sector. Firms in
the construction sector can furlough blue-collar workers without layoff negotiations,
making them less exposed to the employment protection elements of the Coopera-
tion Law (see Section 5.2.3 for explanation).

Performance outcomes (2002-2015)

(1)
Exit rate

(2)
Productivity

(per worker)1

(3)
Productivity
(wage sum)2

(4)
Profit

margin3

ITT: Year + Firm Fixed Effects

Posti × Treati 0.004 0.004 0.015∗ 0.003

(0.003) (0.009) (0.009) (0.003)

Posti × Treati × Constructioni 0.002 0.048∗∗∗ 0.005 -0.011∗∗

(0.006) (0.016) (0.016) (0.005)

ITT: Industry-Year + Firm Fixed Effects

Posti × Treati 0.003 0.010 0.016∗ 0.002

(0.003) (0.010) (0.009) (0.003)

Posti × Treati × Constructioni 0.009 0.010 -0.001 -0.005

(0.007) (0.019) (0.019) (0.006)

N , Construction firms (Treated) 389

N , Other firms (Treated) 2401

N , Construction firms (Control) 1162

N , Other firms (Control) 6120

Observations 119540 114707 114531 117118
1 Logarithm of value added per number of full-time equivalent employees.
2 Logarithm of value added per wage sum.
3 Net profit divided by revenue (winsorized at the 1% level).
Notes: Standard errors clustered at the firm level are in parentheses. ITT is estimated using the

triple-differences specification of Equation 5.18. Regressions are weighted using the size of CEM
strata as weights (see Blackwell et al., 2009, p. 527). DiD is the difference in the treatment group
minus the difference in the control group (in levels, not logs).
∗p < 0.10, ∗∗p < 0.05, ∗∗∗p < 0.01. Estimates significant at the 10% level are presented in bold.
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7. CONCLUSION

In summary, our findings suggest that the Cooperation Law reform had moderate effects

on firm behavior and performance. Contrary to theoretical predictions and previous stud-

ies, We found no effects on employment inflows and outflows. Similarly, we found no

evidence that the reform would have induced firms to substitute furloughs for dismissals.

The results on substitution between hours and workers were inconclusive and the issue

requires further study. A major finding was that the reform reduced tenure lengths in

treated firms, which suggests that some firms increased their use of fixed-term contracts.

The reform did not affect firm survival or profit margins but the total effect on productivity

was moderately positive. Decomposition of the productivity effect revealed that the effect

of employment protection was negative and the effect of information-sharing was positive,

exactly as the theory predicted.

Overall, our theoretical predictions on the reform’s effects performed quite poorly when

tested against data. This discrepancy between predictions and actual outcomes is prob-

ably a consequence of our assumption that the effect of employment protection would

be greater in absolute magnitude than the effect of information-sharing. A central find-

ing of this study is that the exact opposite seems to be true: information-sharing has a

profound positive effect on firm performance that can even exceed the negative effects

of employment protection. This finding suggests also that the usual practice of bundling

employment protection legislation with information-sharing mandates is reasonable as

information-sharing can help to attenuate the negative effects of employment protection.

More generally, the theoretical and empirical results of this study suggest that optimal

labor legislation could be designed by replacing the obstacles of labor adjustment with

delay elements that give dismissed workers enough time to prepare before the employ-

ment contract is terminated. The Finnish layoff negotiation system aligns quite well with

this principle as the negotiation mandate does not prevent firms from adjusting their use

of labor but instead delays the process by several weeks. Our findings help us also to

evaluate the government’s plan to narrow the scope of the Cooperation Law from firms

with at least 20 workers to firms with at least 50 employees. If the goal is to increase

productivity, our estimates suggest that the optimal policy would have been to increase

the threshold of the negotiation mandate to 50 workers and keep the information-sharing

regulation unchanged.
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APPENDIX A: REVIEW OF NEOCLASSICAL FIRM

THEORY

A.1 Firm’s problem

This appendix outlines the neoclassical theory of firm that is used in Section 3.2.1. We

assume that the firm operates in a competitive environment, which simply means that

the firm cannot affect the price of the product that it sells p or the prices of the inputs

that it employs w (Cowell, 1986, p. 15). The assumption of competitiveness also implies

that the firm can buy as much inputs as it finds necessary at the market price, effectively

ruling out the possibility of shortages or monopsonies in the factor market (Cowell, 1986,

pp. 15–16).

The firm turns a vector of inputs x to some amount of the output product q using the

technology that it holds. In the single-output firm this process can be expressed formally

using a production function:

q ≤ ϕ(x), (A.1)

where the production function ϕ : Rn
≥0 → R≥0 specifies the technological capabilities

of the firm (Cowell, 1986, p. 25). The relation describing this production process is ex-

pressed as an inequality to highlight the fact that the production function does not only

determine the production possibilities of the firm but also the constrain that it faces: From

a given list of inputs x, the firm cannot produce more output than what its technology is

capable to produce. However, the relation in (A.1) implies that the same amount q can be

produced using multiple combinations of inputs x. The set that includes all factor bundles

that can be used to produce at least q units of output is called the input requirement set:

X(q) = {x ∈ Rn
≥0 : ϕ(x) ≥ q} (A.2)

(Cowell, 1986, p. 20). The subset of input vectors that produce exactly q units of output is

called an isoquant:

{x ∈ Rn
≥0 : ϕ(x) = q} ⊆ X(q) (A.3)

(Cowell, 1986, p. 20). We will follow Kreps (1990, p. 235) and call the particular input

vectors x ∈ X(q) production plans.

The definitions of the production function and the input requirement set impose an
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important assumption: The firm may choose not to use some inputs during the production

process. The firm is likewise assumed to have an ability to shut down, or more precisely,

to choose not to use any inputs (Kreps, 1990, p. 234). This is naturally accompanied

by the assumption that the firm cannot create things out of nothing: ϕ(0) = 0 (Cowell,

1986, p. 20). We can further shape the firm’s behavior by making assumptions about the

structure of the input requirement set. It is often plausible to assume that if x′ and x′′ are

valid production plans, then so are all convex combinations of them also. Varian (1992,

p. 8) formalizes this idea using the concept of convexity :

Definition A.1 (Convexity). If x′ ∈ X(q) and x′′ ∈ X(q), then βx′ + (1 − β)x′′ ∈ X(q),
for all 0 ≤ β ≤ 1.

Put another way, convexity implies that all weighted averages of feasible production plans

are also feasible (Varian, 1992, p. 8). The same concept can also be illustrated geo-

metrically. If z′ and z′′ are interpreted as points in the input requirement set, convexity

guarantees that a line drawn between them lies also in the same set (Cowell, 1986, p. 17).

It is often convenient to ask how much do we have to give up one input if we want

to increase another input by a marginal amount, while holding the amount of output q

at a constant level. According to Mas-Colell, Whinston, and Green (1995, pp. 129–130)

this trade-off can be studied in the single output case using marginal rate of technical

substitution, which is defined as follows:

MRTSij =
∂ϕ(x)

∂xi
/
∂ϕ(x)

∂xj
. (A.4)

It is also often convenient to ask what happens to the produced quantity q if we scale the

vector of inputs x by some positive scalar β. Cowell (1986, p. 26) defines three different

cases according to the relation between scaled inputs and scaled amount of production:

Definition A.2 (Returns to scale). The production function ϕ(x) is said to exhibit:

1. constant returns to scale, if for all β > 0, ϕ(βx) = βϕ(x),
2. decreasing returns to scale, if for all β > 1, ϕ(βx) < βϕ(x),
3. or increasing returns to scale, if for all β > 1, ϕ(βx) > βϕ(x) .

Varian (1992, p. 15) points out that the plausibility of the constant returns to scale can be

defended using so called replication argument: Suppose that a firm is producing some

amount of output q using the technology that it possesses. Then the firm can multiply its

output by copying exactly what it was doing before, but this time just in a larger scale. As

the production process is conducted in exactly the same way, it is reasonable to think that

the amount of produced output increases by the same factor as the used inputs. However,

the concept of constant returns to scale is more problematic if production is scaled down

or if it is scaled up by some non-integer factor, since the production process may not be

easily divisible. (Varian, 1992, p. 15.)
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Returns to scale and MRTS are connected in a special way in homogeneous and

homothetic production functions. A production function ϕ(x) is said to be homogeneous

of degree α if the equation ϕ(βx) = βαϕ(x) holds for all β > 0 (Mas-Colell, Whinston,

& Green, 1995, p. 928). Similarly, the production function is called homothetic if it is an

increasing transformation of some scalar-valued function that is homogeneous of degree

one (Mas-Colell, Whinston, & Green, 1995, p. 929). Using definition A.2, it is obvious

that ϕ(x) exhibits constant returns to scale if and only if it is homogeneous of degree

one. Further, it is easy to show that if ϕ(x) is homogeneous of degree one, then its

partial derivative ∂ϕ(x)/∂xi is homogeneous of degree zero (Mas-Colell, Whinston, &

Green, 1995, p. 928). This, in turn, implies that the MRTS is independent of the quantity

of production if the ratio of inputs stays the same: In other words, the equation

∂ϕ(x)

∂xi
/
∂ϕ(x)

∂xj
=
∂ϕ(βx)

∂xi
/
∂ϕ(βx)

∂xj
(A.5)

holds for all β > 0. The similar result applies also to homothetic functions. (Mas-Colell,

Whinston, & Green, 1995, p. 929.) In the two input case, this result has a neat geomet-

rical interpretation. Drawing an upward sloping line from the origin represents different

production plans with equal input ratios. Then, adding to the picture the isoquants derived

from a homogeneous or homothetic ϕ(x), shows that the isoquant slopes, or the MRTS,

are always the same at the points where the isoquants and the line intersect. (Varian,

1992, pp. 18–19.)

A.1.1 Cost-minimization

After introducing these basic concepts, we can begin to analyze the problem of the firm.

Throughout this study, we will emphasize cost management as the most important aspect

of the firm’s behavior, so it is natural to exploit the duality of the firm’s problem and ap-

proach it as the problem of cost minimization. Mas-Colell, Whinston, and Green (1995,

p. 139) give the following formal definition:

Definition A.3 (Cost minimization problem, CMP). The firm chooses a non-negative input

vector x that minimizes the firm’s costs without exceeding the limits of its production

technology.

min
x≥0

wTx subject to q ≤ ϕ(x).

Varian (1992, p. 49) suggests solving this problem by setting up the following Lagrangean:

L(x,w, q, λ) = wTx+ λ[q − ϕ(x)]. (A.6)

The first-order conditions are found by taking partial derivatives with respect to each input
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choice xi and the Lagrange multiplier λ:

∂L(x,w, q, λ)
∂xi

= wi − λ
∂ϕ(x∗)

∂xi
= 0 (A.7)

and
∂L(x,w, q, λ)

∂λ
= q − ϕ(x∗) = 0, (A.8)

where x∗ denotes the optimal vector of inputs. (Mas-Colell, Whinston, & Green, 1995,

p. 140.) The equality in A.7 holds if the particular factor of production is used in some

positive amount. A corner solution arises if that input is not used at all, and in this case

the associated condition is written:

wi ≥ λ
∂ϕ(x∗)

∂xi
. (A.9)

(Varian, 1992, p. 53.) Dividing the first-order condition for xi by the first-order condition for

xj , yields

MRTSij =
∂ϕ(x∗)

∂xi
/
∂ϕ(x∗)

∂xj
=
wi

wj

(A.10)

and it states that at the optimum the rate of substitution that holds the output constant

must also be equal to the rate of substitution that holds the cost constant (Varian, 1992,

p. 50). In the case of a corner solution, the condition in A.10 is again an inequality which

states that the MRTS must be less than or equal to the input price ratio (Cowell, 1986,

p. 36). The first-order conditions in A.7 and in A.8 give the necessary conditions that x∗

must satisfy in order to be the optimal cost-minimizing choice (Mas-Colell, Whinston, &

Green, 1995, p. 140). Second-order conditions are more complex and they are reviewed

briefly below.

A.1.2 Second-order conditions using the properties of quasiconcave

production functions

The general approach for checking the second-order conditions of the firm’s cost mini-

mization problem is to construct the appropriate Hessian matrix and study its definitive-

ness when a certain orthogonality condition is satisfied (Varian, 1992, pp. 51–52). For the

sake of clarity, we will restate the Lagrangean here:

L(x,w, q, λ) = wTx+ λ[q − ϕ(x)]. (A.11)

For studying the second-order conditions, we also need the gradient of the constraining

production function ∇ϕ(x)T =
[︂

∂ϕ
∂x1

∂ϕ
∂x2

· · · ∂ϕ
∂xn

]︂
and its Hessian matrix that contains

all second derivatives:
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H[ϕ(x)] =

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

∂2ϕ

∂x21

∂2ϕ

∂x1∂x2
· · · ∂2ϕ

∂x1∂xn

∂2ϕ

∂x2∂x1

∂2ϕ

∂x22
· · · ∂2ϕ

∂x2∂xn

...
...

. . .
...

∂2ϕ

∂xn∂x1

∂2ϕ

∂xn∂x2
· · · ∂2ϕ

∂x2n

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦
(A.12)

Definitiveness of a matrix is defined as follows:

Definition A.4 (Definite matrix). The square matrix A ∈ Rn×n is negative semidefinite if

ξTAξ ≤ 0, (A.13)

for all ξ ∈ Rn. If the inequality is strict, A is called negative definite. Positive definite

and positive semidefinite matrices are defined similarly but swapping the direction of the

inequality. (Mas-Colell, Whinston, & Green, 1995, p. 932.)

The concept of definite matrices gives rise to the following formulation of second-order

conditions:

Theorem A.5 (Sufficient condition for a local minimum). If x∗ satisfies the first-order con-

ditions of A.11 and if the Hessian H[L(x∗,w, q, λ∗)] is a positive definite matrix for all

ξ ∈ Rn satisfying constraint ∇ϕ(x∗)T ξ = 0, then x∗ is a local minimum. (Mas-Colell,

Whinston, & Green, 1995, p. 958.)

The additional orthogonality condition involving the gradient of the constraint function

makes this condition weaker than requiring positive definitiveness everywhere (Chiang &

Wainwright, 2005, pp. 357–358). It must be also noted that the similar theorem presented

in Varian (1992, p. 498) using semidefiniteness is a necessary rather than a sufficient

condition for a local minimum (Chiang & Wainwright, 2005, p. 358). As differentiating A.11

twice with respect to the input variables makes the linear objective function disappear,

the key condition for finding the cost minimizing solution is the negative definiteness of

H[ϕ(x)] in the subspace where the orthogonality condition ∇ϕ(x)T ξ = 0 holds (Varian,

1992, p. 52). Varian (1992) does not prove this rigorously, but it is easy to show. We can
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write the Hessian of A.11 as follows:

H[L(x,w, q, λ)] =

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

−λ∂
2ϕ

∂x21
−λ ∂2ϕ

∂x1∂x2
· · · −λ ∂2ϕ

∂x1∂xn

−λ ∂2ϕ

∂x2∂x1
−λ∂

2ϕ

∂x22
· · · −λ ∂2ϕ

∂x2∂xn

...
...

. . .
...

−λ ∂2ϕ

∂xn∂x1
−λ ∂2ϕ

∂xn∂x2
· · · −λ∂

2ϕ

∂x2n

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦
= −λH[ϕ(x)].

Because λ > 01, we see that this matrix is clearly positive definite in the appropriate

subspace if H[ϕ(x)] is negative definite whenever ∇ϕ(x)T ξ = 0. Production functions

whose Hessian matrices have this property are called strictly quasiconcave (Mas-Colell,

Whinston, & Green, 1995, p. 933). As the production function ϕ(x) is (strictly) quasicon-

cave exactly when the corresponding input requirement set X(q) is (strictly) convex, the

optimality of x∗ depends on the shape of the input requirement set (Mas-Colell, Whinston,

& Green, 1995, p. 140).

A.1.3 Second-order conditions using bordered Hessians

The second-order conditions can be also presented using bordered Hessians. Varian

(1992, p. 498) defines a bordered Hessian by adding to the Hessian matrix of A.11 also

the second derivatives with respect to the Lagrange multiplier:

H[L(x,w, q, λ)] =

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

∂2L
∂λ2

∂2L
∂λ∂x1

∂2L
∂λ∂x2

· · · ∂2L
∂λ∂xn

∂2L
∂x1∂λ

∂2L
∂x21

∂2L
∂x1∂x2

· · · ∂2L
∂x1∂xn

∂2L
∂x2∂λ

∂2L
∂x2∂x1

∂2L
∂x22

· · · ∂2L
∂x2∂xn

...
...

...
. . .

...

∂2L
∂xn∂λ

∂2L
∂xn∂x1

∂2L
∂xn∂x2

· · · ∂2L
∂x2n

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦

(A.14)

1The term λ can be interpreted as the marginal cost.
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When we look at the equation in A.11, we see that the bordered Hessian can be written

in the form:

H[L(x,w, q, λ)] =

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

0
∂ϕ

∂x1

∂ϕ

∂x2
· · · ∂ϕ

∂xn
∂ϕ

∂x1
−λ∂

2ϕ

∂x21
−λ ∂2ϕ

∂x1∂x2
· · · −λ ∂2ϕ

∂x1∂xn

∂ϕ

∂x2
−λ ∂2ϕ

∂x2∂x1
−λ∂

2ϕ

∂x22
· · · −λ ∂2ϕ

∂x2∂xn

...
...

...
. . .

...

∂ϕ

∂xn
−λ ∂2ϕ

∂xn∂x1
−λ ∂2ϕ

∂xn∂x2
· · · −λ∂

2ϕ

∂x2n

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦

(A.15)

Determinants of A.15 and its particular submatrices are called leading principal minors:

Definition A.6 (Leading principal minors). The first leading principal minor is the 3 × 3

matrix:

|H1| =

⃓⃓⃓⃓
⃓⃓⃓⃓
⃓⃓⃓⃓
⃓⃓

0
∂ϕ

∂x1

∂ϕ

∂x2
∂ϕ

∂x1
−λ∂

2ϕ

∂x21
−λ ∂2ϕ

∂x1∂x2

∂ϕ

∂x2
−λ ∂2ϕ

∂x2∂x1
−λ∂

2ϕ

∂x22

⃓⃓⃓⃓
⃓⃓⃓⃓
⃓⃓⃓⃓
⃓⃓

(A.16)

The second leading principal minor includes the derivatives with respect to x3 and so on

until the last leading principal minor which is the determinant the bordered Hessian itself:

|Hm| = |H[L(x,w, q, λ)]|. The number of these leading principal minors is one less than

the number of choice variables: m = n− 1.(Chiang & Wainwright, 2005, p. 361.)

The second-order condition for the cost minimization problem can now be stated using

the leading principal minors:

Theorem A.7 (Sufficient condition for a local minimum using the bordered Hessian). If

x∗ satisfies the first-order conditions of A.11 and if all of the leading principal minors of

the bordered Hessian H[L(x,w, q, λ)] are strictly negative, then x∗ is a local minimum.

(Varian, 1992, pp. 499–500.)

The connection between theorems A.5 and A.7 is not discussed directly in any of the

referenced sources. Thus, we will present and prove the following theorem here:

Theorem A.8 (Strict quasiconcavity and strictly negative leading principal minors). If ϕ(x)

is strictly quasiconcave, all leading principal minors of the corresponding bordered Hes-

sian H[L(x,w, q, λ)] are strictly negative.
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To prove theorem A.8, we need a rigorous definition for determinants and two lemmas for

the properties of determinants and strictly quasiconcave functions.

Definition A.9 (Inductive definition of determinants). The determinant of an n× n matrix

A is formed by multiplying the elements in the first row of A by their respective minors

and then alternatively adding and subtracting them from each other. Minors are the de-

terminants of the n− 1× n− 1 submatrices that remain after removing the first row and

the ith column. (Edwards, Penney, & Calvis, 2021, pp. 203–204.)

For example, the determinant of a 3× 3 matrix is calculated using the determinants

of 2× 2 matrices:

det(A) =

⃓⃓⃓⃓
⃓⃓⃓⃓
⃓
a11 a12 a13

a21 a22 a23

a31 a32 a33

⃓⃓⃓⃓
⃓⃓⃓⃓
⃓ = a11

⃓⃓⃓⃓
⃓⃓a22 a23

a32 a33

⃓⃓⃓⃓
⃓⃓− a12

⃓⃓⃓⃓
⃓⃓a21 a23

a31 a33

⃓⃓⃓⃓
⃓⃓+ a13

⃓⃓⃓⃓
⃓⃓a21 a22

a31 a32

⃓⃓⃓⃓
⃓⃓

Lemma A.10 (Determinant trick). Multiplying one row or one column of A by some scalar

λ, multiplies also the determinant of A by the same scalar. If B is formed that way, then

det(B) = λ det(A). (Edwards, Penney, & Calvis, 2021, p. 206.)

Lemma A.11 (Bordered determinants of a strictly quasiconcave function). Bordered de-

terminant of ϕ(x) is constructed by bordering the Hessian matrix H[ϕ(x)] with zero and

the first derivatives of ϕ(x):

|B| =

⃓⃓⃓⃓
⃓⃓⃓⃓
⃓⃓⃓⃓
⃓⃓⃓⃓
⃓⃓⃓⃓
⃓⃓⃓

0
∂ϕ

∂x1

∂ϕ

∂x2
· · · ∂ϕ

∂xn
∂ϕ

∂x1

∂2ϕ

∂x21

∂2ϕ

∂x1∂x2
· · · ∂2ϕ

∂x1∂xn

∂ϕ

∂x2

∂2ϕ

∂x2∂x1

∂2ϕ

∂x22
· · · ∂2ϕ

∂x2∂xn

...
...

...
. . .

...

∂ϕ

∂xn

∂2ϕ

∂xn∂x1

∂2ϕ

∂xn∂x2
· · · ∂2ϕ

∂x2n

⃓⃓⃓⃓
⃓⃓⃓⃓
⃓⃓⃓⃓
⃓⃓⃓⃓
⃓⃓⃓⃓
⃓⃓⃓

Leading principal minors of the bordered determinant is defined analogously to the lead-

ing principal minors of the bordered Hessian:

|B1| =

⃓⃓⃓⃓
⃓⃓⃓⃓
⃓
0

∂ϕ

∂x1
∂ϕ

∂x1

∂2ϕ

∂x21

⃓⃓⃓⃓
⃓⃓⃓⃓
⃓ , (A.17)

up until |Bn| = |B|. Now, if ϕ(x) is a strictly quasiconcave function and x ∈ R≥0, then the

bordered determinants of ϕ(x) will alter in sign: |B1| < 0, |B2| > 0, |B3| < 0, . . . , with
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|Bn| > 0 if n is even and |Bn| < 0 if n is odd. (Chiang & Wainwright, 2005, pp. 369–370.)

We have to show that all m leading principal minors of the bordered Hessian are strictly

negative. We begin by studying the bordered determinant |Bk+1| for arbitrary k so that k

is odd and 1 ≤ k ≤ m. Using the inductive definition of determinant given in A.9, |Bk+1|
can be written as:

|Bk+1| =− ϕ1

⃓⃓⃓⃓
⃓⃓⃓⃓
⃓⃓⃓⃓
⃓⃓

ϕ1 ϕ12 · · · ϕ1,k+1

ϕ2 ϕ22 · · · ϕ2,k+1

...
...

. . .
...

ϕk+1 ϕk+1,2 · · · ϕk+1,k+1

⃓⃓⃓⃓
⃓⃓⃓⃓
⃓⃓⃓⃓
⃓⃓
+ ϕ2

⃓⃓⃓⃓
⃓⃓⃓⃓
⃓⃓⃓⃓
⃓⃓

ϕ1 ϕ11 · · · ϕ1,k+1

ϕ2 ϕ21 · · · ϕ2,k+1

...
...

. . .
...

ϕk+1 ϕk+1,1 · · · ϕk+1,k+1

⃓⃓⃓⃓
⃓⃓⃓⃓
⃓⃓⃓⃓
⃓⃓

− · · ·+ ϕk+1

⃓⃓⃓⃓
⃓⃓⃓⃓
⃓⃓⃓⃓
⃓⃓

ϕ1 ϕ11 · · · ϕ1,k

ϕ2 ϕ21 · · · ϕ2,k

...
...

. . .
...

ϕk+1 ϕk+1,1 · · · ϕk+1,k

⃓⃓⃓⃓
⃓⃓⃓⃓
⃓⃓⃓⃓
⃓⃓

= −ϕ1|M1|+ ϕ2|M2| − · · ·+ ϕk+1|Mk+1|

> 0,

where |Bk+1| > 0, because k + 1 is even. Let us now look at the corresponding leading

principal minor of the bordered Hessian. It is the following k + 2× k + 2 matrix:

|Hk| =

⃓⃓⃓⃓
⃓⃓⃓⃓
⃓⃓⃓⃓
⃓⃓⃓⃓
⃓⃓

0 ϕ1 ϕ2 · · · ϕk+1

ϕ1 −λϕ11 −λϕ12 · · · −λϕ1,k+1

ϕ2 −λϕ21 −λϕ22 · · · −λϕ2,k+1

...
...

...
. . .

...

ϕk+1 −λϕk+1,1 −λϕk+1,2 · · · −λϕk+1,k+1

⃓⃓⃓⃓
⃓⃓⃓⃓
⃓⃓⃓⃓
⃓⃓⃓⃓
⃓⃓
,
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which can be again written as:

|Hk| =− ϕ1

⃓⃓⃓⃓
⃓⃓⃓⃓
⃓⃓⃓⃓
⃓⃓

ϕ1 −λϕ12 · · · −λϕ1,k+1

ϕ2 −λϕ22 · · · −λϕ2,k+1

...
...

. . .
...

ϕk+1 −λϕk+1,2 · · · −λϕk+1,k+1

⃓⃓⃓⃓
⃓⃓⃓⃓
⃓⃓⃓⃓
⃓⃓
+ ϕ2

⃓⃓⃓⃓
⃓⃓⃓⃓
⃓⃓⃓⃓
⃓⃓

ϕ1 −λϕ11 · · · −λϕ1,k+1

ϕ2 −λϕ21 · · · −λϕ2,k+1

...
...

. . .
...

ϕk+1 −λϕk+1,1 · · · −λϕk+1,k+1

⃓⃓⃓⃓
⃓⃓⃓⃓
⃓⃓⃓⃓
⃓⃓

− · · ·+ ϕk+1

⃓⃓⃓⃓
⃓⃓⃓⃓
⃓⃓⃓⃓
⃓⃓

ϕ1 −λϕ11 · · · −λϕ1,k

ϕ2 −λϕ21 · · · −λϕ2,k

...
...

. . .
...

ϕk+1 −λϕk+1,1 · · · +λϕk+1,k

⃓⃓⃓⃓
⃓⃓⃓⃓
⃓⃓⃓⃓
⃓⃓
.

We note that all these k + 1× k + 1 minors contain exactly k rows that are multiplied by

−λ. Applying lemma A.10 repeatedly, yields:

|Hk| = (−λ)k(−ϕ1)|M1|+ (−λ)kϕ2|M2| − · · ·+ (−λ)kϕk+1|Mk+1| = (−λ)k|Bk+1|.

As k is odd, (−λ)k = −λk, so |Hk| = −λk|Bk+1| < 0. The proof is exactly symmetrical

when k is even. We just have to note that now |Bk+1| < 0 and (−λ)k = λk, which again

implies |Hk| < 0. Thus, we have proved that the strict quasiconcavity of ϕ(x) guarantees

that for all k = 1, 2, . . . ,m the corresponding leading principal minors |Hk| are negative.

By theorem A.7 this, in turn, implies that the second-order conditions are satisfied.

A.1.4 Cost function

First-order conditions A.7 and A.8 form a system of equations from which we can solve

the factor demands as a function of factor prices w and output q (Mas-Colell, Whinston,

& Green, 1995, p. 140):

x∗i = Xi(w, q).
2 (A.18)

These functions Xi are called conditional factor demands as they are conditional on the

level of output q (Varian, 1992, p. 58). Similarly, functions Di(w, p) are called uncondi-

tional demand functions (Cowell, 1986, p. 47). Gathering the cost-minimizing conditional

factor demands to vector x∗ = [x∗1, x
∗
2, . . . , x

∗
n]

T , allows us to formulate the following

definition for the cost function (Varian, 1992, p. 64):

Definition A.12 (Cost function). C(w, q) = wTx∗ =
n∑︁

i=1

wiXi(w, q).

2Note that we don’t use the notation fi for partial derivatives here.
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As the cost function is formed by multiplying the cost-minimizing demands of inputs with

their respective prices, it naturally gives the smallest cost needed to produce output q

(Varian, 1992, p. 64). The cost function possesses many important properties. We will

introduce only these three most important properties (Mas-Colell, Whinston, & Green,

1995, p. 141):

Theorem A.13 (Properties of the cost function). The cost function has the following prop-

erties:

1. Homogeneous of degree one with respect to w: If β > 0, thenC(βw,q) = βC(w,q).
2. Concavity in w: If 0 ≤ β ≤ 1, then C(βwa + (1− β)wb, q) ≥ βC(wa, q) +

(1− β)C(wb, q).
3. (Shepard’s lemma) ∂C(w, q)/∂wi = Xi(w, q).

These results are proved in for example Varian (1992, pp. 72–74), but we will present

slightly different proofs here. The first property in A.13.1 follows from Definition A.12 and

the properties of addition:

C(βw, q) =
n∑︂

i=1

βwiXi(w, q) = β
n∑︂

i=1

wiXi(w, q) = βC(w, q), (A.19)

for all β > 0. The second property A.13.2 can be proved using similar reasoning: Let x∗
a

and x∗
b minimize costs for prices wa and wb, respectively. Let also wc = βwa+(1−β)wc

and let x∗
c minimize costs with prices wc. Now Definition A.12 implies:

C(βwa + (1− β)wb, q) =
n∑︂

i=1

[βwai + (1− β)wbi]Xic(w, q). (A.20)

We can write A.20 also in form:

β
n∑︂

i=1

waiXic(w, q) + (1− β)
n∑︂

i=1

wbiXic(w, q). (A.21)

Careful study of A.21 reveals that prices wa and wb are multiplied by the factor demands

x∗
c . By the definition of cost-minimization, the vector of factor demands x∗

c can never

result in smaller costs compared to wT
a x

∗
a and wT

b x
∗
b , so:

n∑︂
i=1

[βwai + (1− β)wbi]Xic(w, q) ≥ β
n∑︂

i=1

waiXia(w, q) + (1− β)
n∑︂

i=1

wbiXib(w, q),

(A.22)

for all 0 ≤ β ≤ 1. This concludes the proof of property A.13.2. Finally, Shepard’s lemma

is easy to prove with the Envelope theorem:

Theorem A.14 (Envelope theorem). Consider the Lagrange problem of maximizing or

minimizing the function f(x,p) of choice variables x and parameters p subject to a con-
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straint g(x,p): L(x,p, λ) = f(x,p) + λg(x,p). Solving the Lagrange problem results

in a value function that determines the maximum or minimum of f as a function of only

the parameters p: f ∗(x∗(p),p). The Envelope theorem then states that:

∂f ∗(x∗(p),p)

∂pi
=
∂L∗(x∗(p),p, λ)

∂pi
, (A.23)

where L∗ is the Lagrange function evaluated at point x = x∗(p). (Sydsæter & Hammond,

2006, pp. 527–528.)

We now see that the cost function C(w, q) is the value function that determines the

minimal cost as a function of only the parameters w and q. Thus, differentiating the

original Lagrangean A.6, yields:

∂L(x∗,w, q, λ)

∂wi

=
∂C(w, q)

∂wi

= x∗i = Xi(w, q), (A.24)

which concludes the proof of Shepard’s lemma. We also see that:

∂L(x∗,w, q, λ)

∂q
=
∂C(w, q)

∂q
= λ. (A.25)

So the marginal cost is equal to λ (Varian, 1992, p. 76). After proving the properties in

Theorem A.13 we can solve the profit maximization problem and then proceed to com-

parative statics and elasticities.

A.1.5 Profit-maximization

Firm’s profit-maximization problem is to choose q so that the profits are maximized (Mas-

Colell, Whinston, & Green, 1995, p. 140):

Definition A.15 (Profit-maximization problem).

max pq − C(w, q). (A.26)

The problem is solved by differentiating A.26 with respect to q and equating the result to

zero. If q > 0, the solution implies ∂C(w, q)/∂q = p, and if the firm produces no output,

∂C(w, q)/∂q ≥ p. The second-order condition of A.26 states that −∂2C(w, q)/∂q2 ≤ 0

or ∂2C(w, q)/∂q2 ≥ 0. Thus, the convexity of C(w, q) in q implies that the first-order

condition suffices to solve the profit-maximization problem. (Mas-Colell, Whinston, &

Green, 1995, p. 140.)
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A.1.6 Comparative statics and elasticities

We saw in Theorem A.14 that the value function f ∗(x∗(p),p) gives the maximum or

minimum of the objective function f(x,p) as a function of only the parameters p. Com-

parative statics studies how the choice variables x∗(p) respond in the optimum when one

parameter changes by a marginal unit (Varian, 1992, p. 32). We begin our analysis of

comparative statics by proving that an increase in a factor price wi prompts a decrease

(or at least non-increase) in its conditional demand Xi(w, q).

Theorem A.16 (Law of conditional demand with respect to a factor price).

∂Xi(w, q)

∂wi

≤ 0. (A.27)

The proof follows from Shepard’s lemma and concavity of C(w, q).3 We know that

the Hessian matrix of a concave function is negative semidefinite (see A.1.2-A.1.3 and

Mas-Colell, Whinston, and Green (1995, p. 933)). By Shepard’s lemma H[C(w, q)] =

D[X(w, q)], where D[X(w, q)] is the matrix of first derivatives whose i th row and j th col-

umn correspond to the derivative ∂Xi(w, q)/∂wj . The definition of negative semidefinite

matrices states that ξTAξ ≤ 0, for all ξ ∈ Rn. Thus, simply choosing ξ to be a vector

whose i th element is one and all other elements are zero, shows that ∂Xi(w, q)/∂wi ≤ 0.

To prove the similar result for unconditional demand functions, we have to first study

the properties of the firm’s supply function. Let q∗ = Q(w, p) be the supply function. Now

Cowell (1986, p. 48) suggests deriving the sign of ∂Q(w, p)/∂wi by differentiating the

profit-maximizing first-order condition ∂C(w, q)/∂q = p with respect to wi:

∂2C(w, q)

∂q∂wi

+
∂2C(w, q)

∂q2
∂Q(w, p)

∂wi

= 0, (A.28)

which yields after rearranging:

∂Q(w, p)

∂wi

= −∂
2C(w, q)

∂wi∂q
/
∂2C(w, q)

∂q2
≤ 0. (A.29)

However, the result in A.29 holds only if ∂Xi(w, q)/∂q ≥ 0 and ∂2C(w, q)/∂q2 > 0. The

former condition is satisfied if xi is a normal input and its demand raises with q (Cowell,

1986, pp. 48–49). The latter condition is satisfied if C(w, q) is strictly convex in q (Mas-

Colell, Whinston, & Green, 1995, p. 933). Now we can prove the following result:

Theorem A.17 (Law of unconditional demand with respect to a factor price).

∂Di(w, p)

∂wi

≤ 0. (A.30)

3Kreps (1990, p. 60) gives the similar proof for consumer theory.
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Differentiating the equation Di(w, p) = Xi(w, Q(w, p)) with respect to wi gives (Cowell,

1986, p. 49):

∂Di(w, p)

∂wi

=
∂Xi(w, q)

∂wi

+
∂Xi(w, q)

∂q

∂Q(w, p)

∂wi

≤ 0, (A.31)

because ∂Xi(w, q)/∂wi ≤ 0 by Theorem A.16 and ∂Q(w, p)/∂wi ≤ 0 by the result in

A.29. This formulation holds only for normal inputs with ∂Xi(w, q)/∂q ≥ 0. Finally, we

can study the cross factor price effects and introduce elasticities.

Cross factor price effects tell how the demand of xi responds to a change in wj , and

they are derived by differentiating the equation Di(w, p) = Xi(w, Q(w, p)) with respect

to wj (Cowell, 1986, p. 49):

∂Di(w, p)

∂wj

=
∂Xi(w, q)

∂wj

+
∂Xi(w, q)

∂q

∂Q(w, p)

∂wj

. (A.32)

The first term in A.32 is called substitution effect and it tells how the demand for xi
changes when wj changes and the level of q stays the same (Cowell, 1986, pp. 49–

51). If xi and xj are substitutes, then ∂Xi(w, q)/∂wj > 0 and increase in wj increases

the demand for xi. If they are complements, then ∂Xi(w, q)/∂wj < 0 and increase in

wj decreases the demand for xi. (Varian, 1992, p. 60.) The second term is called scale

effect and it shows how a change in wj prompts also a change in the optimal level of out-

put. For normal inputs it is always negative. (Cahuc, Carcillo, & Zylberberg, 2014, p. 92.)

Elasticity in turn tells the relative change in demand that results from a marginal relative

change in a factor price (Sydsæter & Hammond, 2006, p. 409). Elasticity can be defined

formally as (Sydsæter & Hammond, 2006, p. 409):

ηxi
wj

=
∂xi
∂wj

wj

xi
. (A.33)

Now multiplying A.32 by wj

xi
, yields:

∂Di(w, p)

∂wj

wj

xi
=
∂Xi(w, q)

∂wj

wj

xi
+
∂Xi(w, q)

∂q

q

xi

∂Q(w, p)

∂wj

wj

q
, (A.34)

which uses the fact q/q = 1. We may now write the equation A.32 using elasticities:

ηxi
wj

= η̃xi
wj

+ ηxi
q η

q
wj
, (A.35)

where η̃ denotes that the particular elasticity is calculated from conditional demand.
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APPENDIX B: ADDITIONAL TABLES AND GRAPHS
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The figure reports search frequency relative to the peak interest.

Search interest around the Cooperation Law reform (2005-2010)

Figure B.1. Search data supports the assumption that firms were unaware of the reform
in 2005 (Google Trends, 2025)
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Figure B.2. Employment protection legislation in Finland and other OECD countries.
Upper panel shows the baseline regulation of individual dismissals and lower panel plots
the additional regulation of collective dismissals. Higher indicator values indicate more
stringent regulation. (OECD, 2025).
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with fixed adjustment costs.
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Figure B.4. Firm size distributions before and after the reform.



105

.05

.1

.15

.2

D
en

si
ty

15 20 25

Number of employees

N = 3538, p = 0.848

McCrary Test (2006)

.06

.08

.1

.12

.14

.16

D
en

si
ty

15 20 25

Number of employees

N = 3316, p = 0.779

McCrary Test (2007)

.06

.08

.1

.12

.14

.16

D
en

si
ty

15 20 25

Number of employees

N = 2938, p = 0.506

McCrary Test (2008)

.06

.08

.1

.12

.14

.16

D
en

si
ty

15 20 25

Number of employees

N = 2664, p = 0.017

McCrary Test (2009)

Firm size distributions close the threshold

Figure B.5. McCrary test for the firm size distributions. The results are robust for the
choice of the bandwidth.


	Introduction
	Institutional setting
	Employment protection regulation in Finland
	Employment Contracts Act
	Layoff negotiation system
	Collective bargaining agreements
	Compliance and international comparison


	Theoretical analysis
	Conceptual framework
	Theoretical models
	Labor as a fixed input
	Dynamic model of labor demand with quadratic adjustment costs
	Dynamic model of labor demand with fixed adjustment costs

	Summary of theoretical predictions

	Literature review and hypothesis development
	Estimates on adjustment costs
	Effects of employment protection and information-sharing on firms
	Hypothesis development

	Empirical strategy
	Data
	Coarsened exact matching
	Financial crisis

	Causal estimation
	Difference-in-differences and identification
	Specification and robustness
	Decomposition of the treatment effects


	Results
	Descriptive analysis
	Adjustment behavior
	Employment behavior
	Firm performance
	Decomposition

	Conclusion
	References
	Review of neoclassical firm theory
	Firm's problem
	Cost-minimization
	Second-order conditions using the properties of quasiconcave production functions
	Second-order conditions using bordered Hessians
	Cost function
	Profit-maximization
	Comparative statics and elasticities


	Additional tables and graphs

