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Abstract 

This paper extends the theory and empirics of shadow wages by explicitly distinguishing between 

an hours-of-work response and a labor-force participation response – a distinction relevant for 

projects and policies expected to create jobs – and both responses are considered for different 

types of labor. Our analysis rests on a general equilibrium model of a tax-distorted but otherwise 

perfectly competitive economy. The model establishes an unambiguous link between shadow 

wages, market wages, and parameters of a country´s fiscal regime. Using data on market wages 

and countries´ fiscal regimes, we quantify this link for 33 OECD countries. We find that even 

with perfect competition shadow wages are considerably lower than market wages. We 

conjecture that imperfect competition does not necessarily widen this gap. 

 

 

 

 

 

 

 

Keywords: Cost-benefit rules; project appraisal; shadow wages; intensive and 

extensive labor-supply responses. 

JEL classification: D61; H24; H43; J22 

 

  

a Harald Lang, Max Planck Institute for Tax Law and Public Finance, Munich. 

b Armin-D. Riess is a consulting economist, adjunct lecturer with the University of Luxembourg, and 

retired staff member of the European Investment Bank.  

* Corresponding author: armin-detlef.riess@ext.uni.lu; riess.econ@pt.lu
 

The authors would like to thank Aart Gerritsen, Per-Olov Johansson, and John Weiss for constructive 

suggestions. They are also grateful for comments received at seminars held at the Max Planck Institute 

for Tax Law and Public Finance, Munich, and the Centre for Research in Economics and Management 

(CREA), University of Luxembourg. 

mailto:armin-detlef.riess@ext.uni.lu
mailto:riess.econ@pt.lu


1 
 

1. Introduction 

 The shadow wage measures the increase in society´s welfare – expressed in monetary 

terms – if society were to be bestowed with an additional unit of labor. Cost-benefit rules 

for assessing government projects (or policies) that consume labor must use this wage for 

valuing labor. In idealized textbook economies – characterized by the absence of 

distortions such as taxes, externalities, wage and price rigidities, monopolies and 

monopsonies, and so on – market wages are shadow wages. Thus, in such economies 

there is no need for estimating shadow wages as one can readily observe them in labor 

markets (in fact, in such economies there would be no need for government action aimed 

at improving the allocation of resources as the market ensures efficiency). In real-world 

economies, this is not necessarily so. As a result, project decisions based on market wages 

might be false. To illustrate, think of a project that has been narrowly rejected at market 

wages and assume they are markedly higher than shadow wages. Instead of rejecting this 

project, it should be accepted.  

 Against this background, this paper develops shadow-wage formulae and, based on them, 

estimates shadow wages for OECD countries. We aim to advance both the literature and 

applied cost-benefit analyses by combining a variety of features. 

 First, following Johansson (1993) and Johansson and Kriström (2016), we consider a 

tax-distorted but otherwise perfectly competitive economy and build a general 

equilibrium model for analyzing the welfare implications of a project. The elements of the 

fiscal regime that we include are taxes on wage income, social transfers, contributions to 

social security systems, and consumption taxes. 

 Second, recognizing that a project affects labor demand and supply, we estimate shadow 

wages for both sides of the market. More important, drawing on Kleven and 

Kreiner (2006), we distinguish two types of labor-supply responses: a change in the hours 

of work of people already in the labor force (intensive-margin response) and a decision of 

people to join or leave it (extensive-margin response). The participation decision is of 

particular interest when projects are expected to create jobs. To be clear, while job 

creation as such should not affect the verdict on projects aimed at improving the 

allocation of resources, it is useful to clarify how job creation enters cost-benefit rules. 

 Third, we account for heterogeneity in the labor force (like Kleven and Kreiner (2006)) 

and estimate shadow wages for people in different income brackets. 

 Fourth, to go from shadow-wage formulae to shadow-wage estimates, we use OECD data 

that are regularly revised, making it easy to update the estimates presented in this paper. 

Note that in a tax-distorted but otherwise perfectly competitive economy, differences 

between market and shadow wages are due to the wedge that a country´s fiscal regime 

creates between the cost of labor to firms and workers´ net income; we calculate this 

wedge using OECD data. 
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 Fifth, our cost-benefit rule is written with a view to emphasizing two elements that 

determine the labor-market welfare effects of a project: shadow wages and the project’s 

impact on labor supply and demand. Our shadow-wage estimates are national parameters, 

that is, they apply to all projects in a country. By contrast, changes in labor supply and 

demand are project specific and, in principle, need to be assessed project by project. In 

practice, this is often not feasible and/or too costly. Against this background, we offer 

shortcuts based on Harberger (1972). 

 In line with the literature, we report our empirical results in the form of labor-cost 

conversion factors. In general, a conversion factor is the ratio of the shadow price of a 

good to its market price. It follows that the shadow price equals the market price 

multiplied by the conversion factor. We define the gross wage including social security 

taxes levied on firms as the market price of labor – though defining the market wage 

differently does not change the essence of our findings. Reflecting the structure of our 

model, we arrive at conversion factors that relate to a project´s impact on the demand and 

supply side of labor markets. More specifically, for each country, there is one conversion 

factor for a project´s impact on labor demand. As to the supply side, there are two sets of 

conversion factors – one for a labor-supply response at the intensive margin and another 

for an extensive-margin response. For both responses, we report conversion factors for 11 

income brackets, with brackets defined relative to the average income of a country. All in 

all, this yields 23 labor-cost conversion factors for each country. 

 The gist of our results is as follows: (i) conversion factors for labor demand are greater 

than one; (ii) even with perfectly well functioning labor markets, conversion factors for 

labor supply are markedly below one, and those for an extensive-margin response are 

lower than for an intensive-margin response; (iii) for both responses, conversion factors 

vary across countries, reflecting the idiosyncrasies of countries´ fiscal regimes; 

(iv) however, there is similarity across countries in that conversion factors tend to rise 

over income brackets; (v) estimating for each country a representative combination of a 

project´s impact on labor demand and supply, we calculate for each country weighted 

conversion factors. 

 The remainder of this paper proceeds as follows. Section 2 places this paper in the 

literature. Section 3 develops the model. Section 4 presents estimated labor-cost 

conversion factors that relate to a project´s impact on labor demand and labor supply at 

both margins. Section 5 explains how to use and interpret our results in applied 

cost-benefit analyses; in this context, we calculate weighted labor-cost conversion factors. 

Section 6 sketches how imperfect competition – giving rise to involuntary unemployment, 

among other things – modifies our findings. Section 7 concludes and highlights our main 

empirical results. 
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2. Literature 

 We use four criteria for characterizing the literature and our paper. The first one is the 

type of country considered. Originally, the concept of shadow wages emerged in the 

context of economically less developed countries. Seminal theoretical contributions 

include Harberger (1971), Little and Mirrlees (1974), Squire and van der Tak (1975), and 

Sah and Stiglitz (1985). There are numerous empirical studies, and representative work is 

that of Scott et al. (1976) on Mauritius, Saerbeck (1988) on Botswana, and Londero 

(2003) on Columbia. As to developed countries, it would be mistaken to cite theoretical 

work dedicated to them because, as a matter of principle, the concept of shadow wages is 

not country specific. That said, there are empirical studies on shadow wages in developed 

countries – though not as many as for less developed ones. Examples include Kirkpatrick 

and MacArthur (1990), Swales (1997), and Potts (2008) – all on the United Kingdom; de 

Borger (1993) – Belgium; Honohan (1998) – Ireland; Saleh (2004) – Australia; 

Picazo-Tadeo and Reig-Martinez (2005) – Spain; Del Bo et al. (2011) – member states of 

the European Union; Guillermo-Peon and Harberger (2012) – Mexico; and Haveman and 

Weimer (2015) – United States. As this paper estimates labor-cost conversion factors for 

OECD countries, it adds to the empirical work on shadow wages in developed countries. 

 The second criterion is the type of distortion believed to drive a wedge between market 

and shadow wages. Two types can be distinguished. One stems from labor-market 

imperfections, notably wages stuck above their market-clearing levels. Wage rigidity 

might be due to a variety of reasons, including minimum-wage legislation, trade-union 

bargaining biased in favor of job owners, and efficiency wages set by firms above 

market-clearing levels. With wage rigidity there are unsuccessful job seekers willing to 

work at, or even below, the going wage. Empirical work on developed countries that 

accounts for wage rigidity includes Honohan (1998), Del Bo et al. (2011), and Haveman 

and Weimer (2015). 

 The other type of distortion arises from taxation. Most prominently, a tax on income 

drives a wedge between the wage firms pay and the wage workers receive. Both are 

market wages, but a priori it is unclear which reflects the cost of labor to society – in fact, 

neither might. Johansson (1993) and Johansson and Kriström (2016) are key theoretical 

contributions in this field. Kirkpatrick and MacArthur (1990) is an early attempt to 

account for taxation in shadow-wage estimates for a developed country, and Del Bo et al. 

(2011) is a recent one. 

 It is useful to point out that approaches to estimating shadow wages for tax-distorted 

economies explicitly model individuals´ consumption-leisure choice and, thus, allow for 

changes in voluntary unemployment and, by extension, labor supply. By contrast, 

approaches that rest on wage rigidity typically leave out the consumption-leisure choice. 

They assume, instead, a fixed aggregate supply of labor, with labor migrating from one 

labor market to another (in a model with dual labor markets)  and/or coming from a pool 
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of involuntarily unemployed people (see Guillermo-Peon and Harberger (2012), for 

instance). 

 As far as the theory is concerned, we zoom in on tax distortions arising from income 

taxes, social transfers, contributions to social security, and consumption taxes. A salient 

feature of our approach is that it accounts for two types of labor-supply decisions: 

changes in the hours of work of people in employment and the decision of people to join 

or leave the labor market. While we assume perfectly competitive labor and product 

markets and abstract from migration, Section 6 sketches how imperfect competition – 

including wage rigidity – might affect our results. As to the empirics, our paper is along 

the lines of Kirkpatrick and MacArthur (1990), but we offer considerably refined, yet 

simple estimates, covering in a comparable manner 33 OECD countries. 

 The third criterion concerns equity. In general, it is debated whether or not the welfare 

measure resulting from a cost-benefit analysis should account for the distribution of 

income. Harberger (1978), for instance, argues it should not. By contrast, Little and 

Mirrlees (1974), Squire and van der Tak (1975), and Drèze and Stern (1987 and 1990), 

for instance, reason that it should. Suppose one agrees with the latter, the question then is 

whether equity should be reflected in shadow wages or elsewhere in the welfare measure. 

Specifically, should income accruing to the relatively poor be counted as a benefit that 

mitigates the economic cost of labor? The shadow-wage formulae of Little and Mirrlees 

(1974), Squire and van der Tak (1975), and Drèze and Stern (1987 and 1990) answer 

affirmatively. Del Bo et al. (2011), applying the Drèze-Stern framework, offer 

shadow-wage estimates that account for disparities in income across EU regions. A 

different view emerges from Potts (2012) who suggests that distributional issues are kept 

apart from estimating shadow wages – an approach advised, too, by Johansson and 

Kriström (2016). 

 This paper abstracts from equity and, hence, our welfare measure and the shadow wages it 

incorporates aims at answering a single question: does the project or policy improve the 

allocation of resources and how to value labor in this context? 

 The last criterion we draw on concerns the data used for estimating shadow wages. Two 

broad approaches can be distinguished. One gathers project-specific, largely micro data 

on, for instance, earnings of project employees in previous jobs, the value of output 

forgone in previous jobs or home production, and the cost of migrating from previous 

jobs to the project. The developing-country studies of Jacoby (1993) and Skoufias (1994) 

adopt this approach. The other approach uses economy-wide data. Two variants can be 

identified. For one thing, shadow wage estimates are included in so-called national 

parameter studies that estimate a comprehensive set of shadow prices on the basis of semi 

input-output analyses. Noteworthy developing-country studies in this filed include 

Saerbeck (1988) and Londero (2003). For another, there is research that estimates shadow 

wages with the help of more limited but easier to collect economy-wide data, such as 
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sectoral and/or regional unemployment rates, regional per-capita income, and migration 

flows. Saleh (2004) and Del Bo et al. (2011) take this route. 

 The shadow wages and labor-cost conversion factors estimated in this paper rest on 

relatively easy to collect economy-wide data. More specifically, we use regularly updated 

data on OECD countries´ fiscal regimes. 

3. Theory 

 The closed-economy, general equilibrium model developed in this section rests on 

Johansson (1993) and Johansson and Kriström (2016), but we extend their framework 

with a view to explicitly distinguishing two kinds of labor-supply decisions a project 

could trigger: for one thing, the decision to move out of voluntary unemployment and 

participate in the labor market and, for another, the decision of people already 

participating in the market to work more. The technique for distinguishing between both 

types of labor-supply responses is as in Blundell and MaCurdy (1999) and Kleven and 

Kreiner (2006). The model is for a tax-distorted but otherwise perfectly competitive 

economy – implying that there is no involuntary unemployment – an issue we take up in 

Section 6. What´s more, we assume projects are small relative to the size of the economy.  

 The remainder of this section proceeds as follows. Section 3.1 describes the behavior of 

individuals, Section 3.2 defines social welfare, and Section 3.3 sets out the role of firms. 

In addition to individuals and firms, the economy comprises the government. Section 3.4 

explains government activities – notably the provision of public goods and taxation – and 

defines an increase in public goods as the project. Section 3.5 develops an expression – 

Eq. (20) – that shows the change in social welfare as a function of the project, including 

the labor market response following from it. Section 3.6 zooms in on shadow wages. 

3.1 Individuals 

 Society comprises 𝑁 individuals who enjoy a public good, 𝑧, and consume private goods 

and services, 𝑥 (with 𝑥 denoting a vector of goods and services). Following Kleven and 

Kreiner (2006), we consider a society where individuals fall into 𝐼 groups. The size of 

group 𝑖 (𝑖 = 1,… , 𝐼) is 𝑁𝑖 and ∑ 𝑁𝑖 = 𝑁𝑖 . Within each group 𝑖, individuals have identical 

preferences and labor skills, whereas both vary across groups. Income from labor is one 

source of acquiring private goods. Devoting time, ℎ, to formal employment comes at the 

expense of leisure, 𝐿, understood in a broad sense as time allocated to activities other than 

formal employment, including home production, child rearing, and leisure in a narrow 

sense. Let �̅� be the maximum time available (assumed to be the same for all individuals). 

Leisure then is 𝐿 =  �̅� − ℎ and the utility, 𝑢𝑖, of an individual of group 𝑖 is: 
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 (1) 𝑢𝑖 = 𝑢𝑖(𝑥𝑖, �̅� − ℎ𝑖, 𝑧)  with  
𝜕𝑢𝑖

𝜕𝑥𝑖
 > 0,   

𝜕𝑢𝑖

𝜕𝐿𝑖
= −

𝜕𝑢𝑖

𝜕ℎ𝑖
 > 0,  

𝜕2𝑢𝑖

𝜕𝐿𝑖
2  < 0,  

𝜕𝑢𝑖

𝜕𝑧
 > 0 

 This direct utility function is assumed to be strictly concave and twice continuously 

differentiable. Utility rises with an increase in private and public goods; it falls, however, 

with an increase in hours of work as this reduces leisure. The adverse utility impact of 

working shall be considered a net effect after accounting for the reward individuals attach 

to having a regular job because, for instance, formal employment is valued as a means of 

social integration and personal fulfillment. 

 A key purpose of this paper is to differentiate between a project´s impact on the supply of 

labor of individuals already part of the labor force (intensive-margin response) and a 

change in supply resulting from individuals´ decision to move out of – or into – voluntary 

unemployment and participate in – or withdraw from – the labor force (extensive-margin 

response). To model an economically meaningful – that is, non-marginal – 

extensive-margin response of an individual, the literature has introduced fixed cost of 

participating in the labor market (see Cogan (1981), Blundell and MaCurdy (1999), and 

Kleven and Kreiner (2006)). By definition, such costs do not dependent on how many 

hours an individual works. Examples include expenditure on commuting to and from 

work and work attire. 

As Cogan (1981), we account for fixed participation cost in the budget constraint of an 

individual, and in line with Kleven and Kreiner (2006), we posit that fixed cost, 𝑅, spread 

continuously from a lower bound, 𝑅, to an upper bound, �̅�, with the spread captured by 

the density function 𝑓(𝑅) and the cumulative distribution function 𝐹(𝑅). For a general 

equilibrium model that comprises individuals, firms, and the government, the simplest, 

yet sufficiently comprehensive formulation of the budget constraint of an individual of 

group 𝑖 is: 

 (2) 𝜋𝑖 + 𝜓𝑖 − 𝜑𝑖 + 𝑤𝑖ℎ𝑖  − 𝑇(𝑤𝑖ℎ𝑖) − 𝑅𝛩 ≥ �̅�𝑥𝑖    

 with:  𝜋𝑖 firms’ profits accruing to an individual of group 𝑖 

   𝜓
𝑖
 exogenous income of an individual of group 𝑖 

   𝜑
𝑖
 lump-sum tax levied on an individual of group 𝑖 

   𝜋𝑖 + 𝜓𝑖 − 𝜑𝑖 = 𝑦𝑖: non-labor income of an individual of group 𝑖 

   𝑤𝑖 gross wage of an individual of group 𝑖 

   𝑇(⦁) tax-transfer function linked to wage income 𝑤𝑖ℎ𝑖 

   𝑅 fixed cost of participating in the labor market 

   𝛩 an indicator variable, with 𝛩 = 1 for ℎ𝑖 > 0 and 𝛩 = 0 for ℎ𝑖 = 0 
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   𝑥𝑖 a vector with elements 𝑥𝑖𝑘 (𝑘 = 1,… , 𝐾), capturing consumption of 

   goods and services 𝑘 of an individual of group 𝑖 1 

   �̅� a (transposed) vector, summarizing consumer prices, �̅�𝑘, of private 

   goods and services 

 A few points are worth highlighting. First, the budget constraint of all individuals of 

group 𝑖 are identical for ℎ𝑖 = 0 (and hence 𝛩 = 0); by contrast, they differ for ℎ𝑖 > 0 

(and hence 𝛩 = 1) since individuals´ fixed cost of working differ, spreading over [𝑅, 𝑅]. 

Second, when considering the labor-supply decision of an individual forming a household 

with other persons, 𝜓
𝑖
 might include the labor income of the latter. Finally, lump-sum 

taxes, 𝜑
𝑖
, serve two purposes: for one thing, the government uses them to balance its 

budget (see Section 3.4.2) and, for another, it can individualize them with a view to 

establishing a socially optimal distribution of income (see Section 3.2); for both reasons, 

they may be negative; in this case, 𝜑
𝑖
 represents a lump-sum transfer rather than a tax. 

 The tax-transfer function 𝑇(⦁) shall be defined as: 

      𝑇 < 0  for  0 ≤ 𝑤ℎ < 𝑤ℎ 

 (3) 𝑇(𝑤ℎ) =   𝑇 = 0  for  𝑤ℎ = 𝑤ℎ 

      𝑇 > 0  for  𝑤ℎ > 𝑤ℎ 

 To avoid clutter, (3) suppresses the index 𝑖. The tax-transfer function – assumed to be 

piecewise linear – captures two elements: (i) taxes on wage income, including worker´s 

mandatory contributions to social security, and (ii) social transfers that depend on an 

individual´s wage income.
2
 

 Borrowing from Blundell and MaCurdy (1999) and Kleven and Kreiner (2006), we model 

an individual´s maximization problem in a two-step procedure by finding, first, the 

condition for the optimal hours of work conditional on working and, second, the condition 

for participating in the labor market. In a perfectly competitive economy, individuals are 

price takers in goods and labor markets and, thus, consider wages and prices as given. 

They take as given, too, the amount of public goods and tax rates. 

 Conditional on working (ℎ𝑖 > 0 ⇒  𝛩 = 1), the maximization problem can be analyzed 

as usual: use (1) and (2) to formulate a Lagrange function and partially differentiate this 

function; this leads to the first-order conditions for a utility maximum; focusing on an 

outcome where the budget constraint binds and its continuous segments, the condition for 

an optimal supply of labor at the intensive margin is 

                                                           
1
  Unless useful, we will suppress reference to goods 𝑘 from here on. 

2
 Annex A elaborates on (3). 
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 (4) 𝑀𝑉𝐿𝑖  = (1 − 𝑡𝑚𝑖)𝑤𝑖    with    𝑀𝑉𝐿𝑖 =  
𝜕𝑢𝑖

𝜕𝐿𝑖
/𝜆𝑖   and  𝑡𝑚𝑖 = 𝜕𝑇𝑖 𝜕(𝑤𝑖ℎ𝑖)⁄ > 0. 

3
 

 In (4), 𝑡𝑚𝑖 is the effective marginal tax rate on labor income following from a change in 

hours of work and 𝜆𝑖 (that is, the Lagrange multiplier associated with the budget 

constraint) symbolizes the marginal utility of income, 𝜕𝑢𝑖 𝜕𝑦𝑖⁄ , of an individual of 

group 𝑖. Dividing the marginal utility of leisure, 𝜕𝑢𝑖/𝜕𝐿𝑖, by the marginal utility of 

income, 𝜆𝑖 = 𝜕𝑢𝑖 𝜕𝑦𝑖⁄ , measures the marginal value of leisure (𝑀𝑉𝐿𝑖). Hence, (4) states 

that, conditional on working, the marginal net income from working more – which is 

𝑤𝑖(1 − 𝑡𝑚𝑖) – must compensate people for the marginal value of leisure forgone. 

 The first-order conditions yield the demand functions of an individual of group 𝑖 for 

private goods and her/his hours-of-work supply function ℎ𝑖
𝑠. The latter is 

 (5) ℎ𝑖
𝑠 = ℎ𝑖

𝑠(�̅�, (1 − 𝑡𝑚𝑖)𝑤𝑖, 𝑦𝑖 , 𝑅, 𝑧). 

 Thus, hours of work depend on consumer prices, �̅�, the net wage, (1 − 𝑡𝑚𝑖)𝑤𝑖, and public 

goods, 𝑧. What is more, in general, it depends on non-labor income, 𝑦𝑖, and participation 

cost, 𝑅; to simplify aggregation over individuals, however, we assume preferences such 

that working individuals of a given group supply the same number of hours. This requires 

that non-labor income – which is effectively reduced by 𝑅 – has a zero income effect on 

hours of work.
4
 This shortens (5) to ℎ𝑖

𝑠 = ℎ𝑖
𝑠(�̅�, (1 − 𝑡𝑚𝑖)𝑤𝑖, 𝑧), which we will use in 

Eq. (7) below. 

 But before, we turn to the condition for participating in the labor market. Note, first, that 

this condition cannot be derived by partially differentiating a Lagrange function. This is 

because with fixed participation cost, participating requires a discrete, non-negligible 

supply of labor even if the wage increase triggering it and the ensuing rise in utility are 

marginal. This is intuitively clear: fixed participation cost reduce consumption 

possibilities to an extent that cannot be made up by working just a split second – a larger 

supply response is needed (the analogy in production theory is that with fixed production 

cost it takes a non-marginal level of production to cover fixed cost). That said, the 

condition for participating in the labor market looks very much like (4). More specifically, 

as shown in Annex A, a labor-supply response at the extensive margin requires 

                                                           
3
 Annex A provides details, including other first-order conditions. As illustrated in Annex A, 

the tax-transfer function (3) and fixed participation cost make the budget constraint 

non-convex. As a result, optimality condition (4) might hold for more than one combination 

of consumption and leisure. While this makes the amount of labor supplied ambiguous, it does 

not invalidate optimality condition (4). This applies, too, to optimality condition (6), which 

governs the labor market participation decision (see below). 
4
 That is: we assume utility functions that are linear in consumption. For a graphical illustration 

see Annex A. 
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 (6) 𝐹𝑉𝐿𝑖 + 𝑅 ℎ𝑖
𝑠⁄   ≤  (1 − 𝑡𝑝𝑖)𝑤𝑖. 

 𝐹𝑉𝐿𝑖 stands for forgone value of leisure, that is, the value per unit of time of a 

non-marginal decline in leisure; and 𝑡𝑝𝑖 is the participation tax rate, that is, the effective 

tax rate on income earned when joining the labor force. Condition (6) states that 

participation in the labor market increases utility of an individual if her net labor income 

per unit of time, the rhs of (6), is at least as high as the sum of the forgone value of 

leisure, 𝐹𝑉𝐿𝑖, and fixed participation cost per unit of time, 𝑅 ℎ𝑖
𝑠⁄ . For the proverbial last 

individual who joins the labor market, (6) holds with an equal sign. 

Condition (6) sheds light, too, on a threshold for participation cost, 𝑅∗. Rearranging (6) 

leads to 𝑅 ≤ 𝑅∗ = ℎ𝑖 ⋅ [(1 − 𝑡𝑝𝑖)𝑤𝑖 − 𝐹𝑉𝐿𝑖].
5
 Individuals with 𝑅 < 𝑅∗ are in the labor 

market but those with 𝑅 > 𝑅∗ choose not to work – they are voluntarily unemployed. As 

noted above, 𝑅 spreads continuously over [𝑅, 𝑅] and the spread can be described by a 

density function 𝑓(𝑅) and a cumulative distribution function 𝐹(𝑅). It follows that the 

share of participating individuals in each group is 𝐹(𝑅∗) =  ∫ 𝑓(𝑅)𝑑𝑅
𝑅∗

𝑅
. The aggregate 

labor-supply function of each group, consisting of 𝑁𝑖 individuals, can then be written as: 

 (7) 𝐿𝑖
𝑆 = 𝑁𝑖 ⋅ 𝐹(𝑅

∗(•)) ⋅ ℎ𝑖
𝑠(�̅�, (1 − 𝑡𝑝𝑖)𝑤𝑖, 𝑧). 

 Three features of (7) are worth emphasizing. First, since each group offers a particular 

labor skill, (7) represents the supply of labor of type 𝑖. Second, multiplying ℎ𝑖
𝑠 by the 

number of working individuals, 𝑁𝑖𝐹(𝑅
∗), is permitted only if ℎ𝑖

𝑠 is the same for all 

individuals of a group. As pointed out above, to ensure this although 𝑅 varies across 

individuals, we assume that non-labor income does not affect the hours of work. Third, 

imagine a wage increase that raises 𝑅∗ and, thereby, entices an individual to join the labor 

force. For the individual, this is a discrete jump from not working to supplying a number 

of hours big enough to make good for both participation cost and the forgone value of 

leisure. For the group, this remains a marginal change (shining through a slight increase in 

𝐹(𝑅∗)), complemented by a marginal increase in the hours of work of individuals in the 

market before wages went up. Thus, while (7) accounts for discrete changes in labor 

supply at the individual level, it is a smooth function for the group as whole. 

 To wrap up, when considering individuals’ consumption-leisure choice it is important to 

distinguish between the decision to participate in the labor market and the choice of hours 

of work. From a project appraisal perspective, this distinction relates to the question of 

whether employment possibly created by a project results in new jobs (going to people 

enticed to enter the labor market as a result of the project) or more work for people 

                                                           
5
 𝜕𝑅∗ 𝜕((1 − 𝑡𝑝𝑖)𝑤𝑖) > 0⁄ , thus a wage increase raises the threshold. 
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already part of the labor force.
6
 Conditions (6) and (4) show that in both cases the net 

wage (either (1 − 𝑡𝑝𝑖) 𝑤𝑖 or (1 − 𝑡𝑚𝑖) 𝑤𝑖) measure the utility cost to individuals. As 

social welfare – to be defined next – rests on individuals´ utility, net wages measure, too, 

the cost of labor to society. 

3.2 Social welfare 

 First-order conditions for a utility maximum (cf. Eq. (4) and Annex A) and the 

participation condition (Eq. (6)) show that the optimal consumption-leisure choice and the 

structure of consumption depend on �̅�, (1 − 𝑡𝑚𝑖)𝑤𝑖, (1 − 𝑡𝑝𝑖)𝑤𝑖, 𝑦𝑖, 𝑅, and 𝑧. Hence, in 

lieu of direct utility functions 𝑢(⦁) as set out in Eq. (1), we may work with indirect utility 

functions 

(8) 𝑣𝑖𝑗(�̅�, (1 − 𝑡𝑚𝑖)𝑤𝑖, (1 − 𝑡𝑝𝑖)𝑤𝑖, 𝑦𝑖𝑗, 𝑅, 𝑧). 

 We temporarily use the index 𝑗 for different individuals of a group, with 𝑗 = 1,… ,𝑁𝑖 

indicating members of a group. Bear in mind, however, that except for 𝑅, the arguments 

of (8) are the same for all 𝑗.7  

Social welfare as understood in this paper depends on an efficient allocation of resources, 

not the distribution of income and wealth. We thus focus on so-called efficiency 

cost-benefit rules and abstract from distributional concerns. To this end, we introduce two 

simplifications. First, for each group, we employ a Utilitarian utility function, implying 

that utility of a group, 𝑉𝑖, is the sum of utilities of its members, 𝑣𝑖𝑗: 

 (9) 𝑉𝑖(�̅�, �̃�𝑖, 𝑌𝑖 , 𝑅, 𝑧) = ∑ 𝑣𝑖𝑗(⦁)𝑗 ,  with �̃�𝑖 = 𝑤𝑖(1 − 𝑡𝑖) and 𝑌𝑖 = ∑ 𝑦𝑖𝑗𝑗 . 

 In (9), 𝑡𝑖 is an average of 𝑡𝑚𝑖 and 𝑡𝑝𝑖, representing the marginal labor-income tax rate on 

the group´s labor income, 𝑤𝑖𝐿𝑖
𝑆. Extending the Utilitarian approach to society as a whole, 

we define social welfare, 𝑊, as: 

                                                           
6
 The qualification ‘possibly’ is made for a good reason. As we will argue below, rather than 

creating employment, a project might directly or indirectly source its employees from 

employment elsewhere in the economy, leaving aggregate employment unchanged. In fact, as 

we will discuss, too, a project might reduce aggregate employment. 
7
 Obviously, all individuals face the same prices of goods and services, �̅�, and enjoy the same 

public good, 𝑧. What is more, because members of a group offer the same type of labor, they 

face the same gross wage, 𝑤𝑖. In addition, if they work, they supply the same number of hours 

and, thus, are subject to the same effective marginal tax rate, 𝑡𝑚𝑖; and if they choose not to 

work, they choose so in light of the same participation tax rate, 𝑡𝑝𝑖. We assume, too, that the 

components of non-labor income 𝑦𝑖𝑗 – that is, 𝜋𝑖𝑗 (firms’ profits accruing to individuals), 𝜓𝑖𝑗 

(exogenous income), and 𝜑𝑖𝑗 (lump-sum tax) – are identical for all members, 𝑗, of a group. 
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 (10) 𝑊 = ∑ 𝑉𝑖(�̅�, �̃�𝑖, 𝑌𝑖, 𝑅, 𝑧)
𝐼
𝑖=1 . 

 Second, we assume that government sets lump sum taxes, 𝜑𝑖𝑗, with a view to achieving a 

socially optimal income distribution. For a Utilitarian social welfare function, this implies 

that the marginal utility of income, 𝜕𝑣𝑖𝑗 𝜕𝑦𝑖𝑗 =⁄ 𝜆𝑖𝑗, is the same for all individuals: 

𝜆𝑖𝑗 = 𝜆  ∀ 𝑖, 𝑗; what is more, 𝜆 = 𝜕𝑣𝑖𝑗 𝜕𝑦𝑖𝑗 = 𝜕𝑉𝑖 𝜕𝑌𝑖⁄⁄ = 𝜕𝑊 𝜕𝑌⁄ , that is, individuals´ 

marginal utility of income (𝜕𝑣𝑖𝑗 𝜕𝑦𝑖𝑗 =⁄ 𝜆𝑖𝑗), groups´ marginal utility of income 

(𝜕𝑉𝑖 𝜕𝑌𝑖⁄ = 𝜆𝑖), and society´s marginal utility of income (𝜕𝑊 𝜕𝑌 = 𝜆⁄ , with 𝑌 = ∑ 𝑌𝑖𝑖 ) 

coincide (see Johansson and Kriström (2016), for instance). How  𝜆 = 𝜆𝑖 = 𝜆𝑖𝑗 facilitates 

the derivation of general equilibrium cost-benefit rules transpires in Annex B. 

3.3 Firms 

 For our purposes, it suffices to consider a representative firm that produces all private 

goods and services.  Since we want to focus on the economic value of labor, labor is the 

only factor of production explicitly accounted for – though the analysis could be extended 

to include other inputs, notably capital. For simplicity, we posit that the production of 

each good draws on all types of labor – with labor of type 𝑖 supplied by individuals of 

group 𝑖. Although not determined by firms, public goods possibly boost the production of 

private goods – a boost that has been labeled the direct productivity and cost effect of 

public goods (see Agénor (2013), for instance). To illustrate, consider the environmental 

clean-up of a river. A cleaner river enables firms that rely on clean water to devote more 

of their resources directly to the production of goods and services. With this in mind, the 

supply of goods and services, 𝑥𝑆, rests on the following production functions: 

 (11) 𝑥𝑆 = 𝑥𝑆(𝐿𝑖
𝑓
, 𝑧)   with    

𝑥𝑆

𝜕𝐿𝑖
𝑓 > 0,  

𝜕𝑥𝑆

𝜕𝑧
 ≥ 0, 

 with 𝐿𝑖
𝑓
 representing firms´ use of labor of type 𝑖; (11) shall be strictly concave and twice 

continuously differentiable and, in each production, the marginal productivity of labor 

(𝜕𝑥𝑆 𝜕𝐿𝑖
𝑓

⁄ ) and public goods (𝜕𝑥𝑆 𝜕𝑧⁄ ), respectively, shall be positive and positive or 

zero.
8
 

 Profits of firms, 𝛱, are the difference between revenue and cost: 

 (12) 𝛱 = 𝑝𝑥𝑆(⦁) − ∑ (1 + 𝑠)𝑤𝑖𝐿𝑖
𝑓

𝑖  

                                                           
8
  Bear in mind that 𝑥 is a vector, capturing 𝑘 goods and services. To avoid unnecessary clutter, 

(11) does not show this. A comprehensive statement is 𝑥𝑘
𝑆 = 𝑥𝑘

𝑆(𝐿𝑖𝑘
𝑓
, 𝑧) with 𝜕𝑥𝑘

𝑆 𝜕𝐿𝑖𝑘
𝑓
> 0⁄  

and 𝜕𝑥𝑘
𝑆 𝜕𝑧 ≥ 0⁄  ∀𝑖, 𝑘. (11) shall be understood in this way. 
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 In (12), 𝑤𝑖 has the same meaning as in Eq. (2), that is, it captures gross wages; 𝑠 is an 

ad valorem social security tax paid by firms and, thus, (1 + 𝑠)𝑤𝑖 is the producer wage; 

finally, 𝑝 is a (transposed) vector, summarizing producer prices of private goods and 

services. 

The link between producer prices, 𝑝, and consumer prices, �̅�, is 

 (13)  �̅� = (1 + 𝑐)𝑝, 

 with 𝑐 > 0 standing for an ad valorem consumption tax.  

As we consider a perfectly competitive economy, firms behave as if prices and wages are 

beyond their control. This also applies to the level of public goods, the consumption tax, 

and the social security tax. Maximizing profits requires firms to optimally choose labor 

inputs. First-order conditions for a profit maximum follow from differentiating (12) with 

respect to 𝐿𝑖
𝑓
: 

 (14) 𝑝
𝜕𝑥𝑆

𝜕𝐿𝑖
𝑓 = (1 + 𝑠)𝑤𝑖 

The lhs of (14) is the value of the marginal product to firms while the rhs captures the 

cost of labor to firms.
9
 In the presence of consumption taxes, the value of the marginal 

product to firms is lower than the value to society – as we will see soon. For 

completeness, note that (14) governs firms´ output and their demand for labor, 𝐿𝑖
𝑓
. 

3.4 Government 

3.4.1 Public goods and project definition 

 One task of government is to ensure the provision of public goods – public transport, 

health, education, and environmental quality, for example.  Producing a public good, 𝑧, is 

posited to require the input of private goods and labor. The technology for producing  𝑧  is  

 (15) 𝑧 = 𝑧(𝑥𝑔, 𝐿𝑖
𝑔
)  with 

𝜕𝑧

𝜕𝑥𝑔
 > 0 and 

𝜕𝑧

𝜕𝐿
𝑖
𝑔 > 0. 

                                                           
9
 Again, to avoid unnecessary clutter, (14) omits reference to goods 𝑘. A comprehensive 

statement of (14) is: 𝑝𝑘(𝜕𝑥𝑘
𝑆 𝜕𝐿𝑖𝑘

𝑓
)⁄ = (1 + 𝑠)𝑤𝑖 ∀𝑖, 𝑘. In words: the value of the marginal 

product of labor of type 𝑖 (the 𝑙ℎ𝑠 of the equation) must be the same, (1 + 𝑠)𝑤𝑖, regardless of 

the good 𝑘 for which this type of labor is used.
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 In (15), 𝑥𝑔 is a vector with elements 𝑥𝑘
𝑔
 (𝑘 = 1, … , 𝐾) that captures government´s 

demand for and use of private goods in the production of 𝑧; 𝐿𝑖
𝑔

 denotes the government´s 

demand for and us of labor in the production of 𝑧; (15) is assumed to be twice 

continuously differentiable. 

 A public project (or policy) can be defined as an increase in public goods 𝑑𝑧 > 0. To 

implement it, the government requires more private goods and labor. Assuming that no 

consumption tax is due when 𝑥 are inputs and the government is subject to the social 

security tax, expenditure on the project, 𝐸, can be written as: 

 (16) 𝐸 = 𝑝 𝑑𝑥𝑔 +∑ (1 + 𝑠)𝑤𝑖𝑑𝐿𝑖
𝑔

𝑖   

 In (16), 𝑑𝑥𝑔 and 𝑑𝐿𝑖
𝑔

, respectively, capture the government’s demand for 𝑥 and 𝐿𝑖 to 

carry out the project. These expenditures constitute the budgetary or financial cost of the 

project. A key aspect of cost-benefit analysis is to examine to what extent the cost of a 

project to society differs from its financial cost – an aspect we cover in Section 5. 

3.4.2 Fiscal position and the role of lump-sum taxes and transfers 

 The government’s fiscal position, 𝐺, is 

 (17) 𝐺 = [∑ 𝑇𝑖(𝑤𝑖𝐿𝑖
𝑆)𝑖  + ∑ 𝑐𝑝𝑖 𝑥𝑖 + 𝑠∑ 𝑤𝑖𝐿𝑖

𝑆
𝑖  + ∑ 𝛷𝑖𝑖 ] − [𝑝𝑥𝑔 + (1 + 𝑠)∑ 𝑤𝑖𝐿𝑖

𝑔
𝑖 ].  

 The first square bracket captures government revenue, comprising labor-income tax 

revenue inclusive of employees´ contribution to social security, ∑ 𝑇𝑖(𝑤𝑖𝐿𝑖
𝑆)𝑖 , consumption 

tax revenue, ∑ 𝑐𝑝𝑖 𝑥𝑖 , firms´ and government contributions to social security, 𝑠 ∑ 𝑤𝑖𝐿𝑖
𝑆

𝑖 , 

and lump-sum tax revenue, ∑ 𝛷𝑖𝑖 . Note that 𝑥𝑖 represents aggregate demand for goods of 

group 𝑖; moreover, 𝛷𝑖 = ∑ 𝜑𝑖𝑗𝑗  and, thus, ∑ 𝛷𝑖𝑖  stands for total government revenue from 

lump-sum taxes. The second square bracket shows government expenditure on public 

goods. 

 Including lump-sum taxes is crucial for closing the model. Projects are bound to affect the 

fiscal position. However, once the effects of the project have rippled through the 

economy, the government’s books must balance. An assumption often made in 

cost-benefit analysis is that government has at its disposal a lump-sum tax and adjusts it 

(∑ 𝑑𝛷𝑖𝑖 ⋛ 0) to ensure an unchanged fiscal position (𝑑𝐺 = 0).
10

 To find an expression for 

the change in lump-sum tax revenue that ensures 𝑑𝐺 = 0, we totally differentiate (17) and 

solve for ∑ 𝑑𝛷𝑖𝑖 . The result is 

                                                           
10

  For a critical assessment of this assumption and a discussion of cost-benefit rules when such 

taxes are not available, see Squire (1989) – for instance. 
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 (18) ∑ 𝑑𝛷𝑖𝑖 = [𝑝 𝑑𝑥𝑔 + (1 + 𝑠)∑ 𝑤𝑖𝑑𝐿𝑖
𝑔

𝑖 ] + [𝑑𝑝 𝑥𝑔 + (1 + 𝑠)∑ 𝑑𝑤𝑖𝐿𝑖
𝑔

𝑖 ] 

       − ∑ 𝑑𝑇𝑖𝑖 − 𝑐∑ (𝑑𝑝 𝑥𝑖 + 𝑝 𝑑𝑥𝑖)𝑖 − 𝑠∑ (𝑑𝑤𝑖𝐿𝑖
𝑆 + 𝑤𝑖𝑑𝐿𝑖

𝑆)𝑖 . 

 The economic meaning of the rhs of (18) is straightforward: the first square bracket 

captures project expenditure – see Eq. (16); the second reflects a general equilibrium price 

and wage feedback on government expenditure; the second line captures general 

equilibrium tax effects, comprising induced changes in revenue from taxing (i) wage 

income (∑ 𝑑𝑇𝑖𝑖  – a term explored in Annex B), (ii) consumption (𝑐 ∑ (𝑑𝑝 𝑥𝑖 + 𝑝 𝑑𝑥𝑖)𝑖 ), 

and labor inputs (𝑠 ∑ (𝑑𝑤𝑖𝐿𝑖
𝑆 + 𝑤𝑖𝑑𝐿𝑖

𝑆)𝑖 ). For an unchanged fiscal position (𝑑𝐺 = 0), any 

(net) change in the rhs of (18) has to be offset by a change in lump-sum taxes, which is 

the lhs of (18). For the sake of illustration, consider a project that leaves prices and wages 

unchanged (𝑑𝑝 = 𝑑𝑤𝑖 = 0). Eq. (18) then states that the government needs to raise 

lump-sum taxes (∑ 𝑑𝛷𝑖𝑖 > 0) if project expenditure (𝑝 𝑑𝑥𝑔 + (1 + 𝑠)∑ 𝑤𝑖𝑑𝐿𝑖
𝑔

𝑖 ) exceed 

induced changes in government revenue (∑ 𝑑𝑇𝑖𝑖 + 𝑐 ∑ 𝑝𝑑𝑥𝑖𝑖 + 𝑠∑ 𝑤𝑖𝑑𝐿𝑖
𝑆

𝑖 ). If the 

opposite holds, the surplus needs to be returned to individuals (∑ 𝑑𝛷𝑖𝑖 < 0). 

3.5 A general equilibrium cost-benefit rule 

 Our point of departure is the social welfare function (10). Considering a small project and 

assuming constant participation cost (𝑑𝑅 = 0), the change in welfare is 

 (19) 𝑑𝑊 =  ∑
𝜕𝑉𝑖
𝜕�̅�

𝑑�̅�𝑖  +  ∑
𝜕𝑉𝑖
𝜕�̃�𝑖

𝑑�̃�𝑖𝑖  +  ∑
𝜕𝑉𝑖
𝜕𝑌𝑖

𝑑𝑌𝑖𝑖   + ∑
𝜕𝑉𝑖
𝜕𝑧

𝑑𝑧𝑖 . 

 (19) shows the change in welfare as a function of changes in the arguments of (10). 

Except for ∑ (𝜕𝑉𝑖 𝜕𝑧⁄ )𝑖 𝑑𝑧, none of the terms on the rhs of (19) reveal the change in 

welfare as a function of project variables. To develop a welfare measure that does, we 

transform (19) into: 

 (20) 
𝑑𝑊

𝜆
=  ∑

𝜕𝑉𝑖 𝜕𝑧⁄

𝜆𝑖  𝑑𝑧 + (1 + 𝑐)𝑝 
𝜕𝑥𝑆

𝜕𝑧
𝑑𝑧  − (1 + 𝑐)𝑝𝑑𝑥𝑔 

   −∑ [(1 − 𝑡𝑚𝑖)𝑤𝑖][𝛽𝑖𝛼𝑖𝑑𝐿𝑖
𝑔
]𝑖  

   −∑ [(1 − 𝑡𝑝𝑖)𝑤𝑖][𝛽𝑖(1 − 𝛼𝑖)𝑑𝐿𝑖
𝑔
]𝑖  

   −∑ [(1 + 𝑐)(1 + 𝑠)𝑤𝑖][(1 − 𝛽𝑖)𝑑𝐿𝑖
𝑔
]𝑖  

 Annex B sets out the details of this transformation. A few remarks should suffice here. 

First, in developing Eq. (20), we account for continuous market clearing – a corollary of a 
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perfectly competitive economy – implying 𝐿𝑖
𝑆 = 𝐿𝑖

𝑔
+ 𝐿𝑖

𝑓
  ∀𝑖. The lhs of this equation 

denotes aggregate labor supply of type 𝑖 and the rhs labor demand, comprising the 

demand of firms, 𝐿𝑖
𝑓
, and government, 𝐿𝑖

𝑔
. What is more, continuous market clearing 

means: 

 (21) 𝑑𝐿𝑖
𝑆 = 𝑑𝐿𝑖

𝑔
+ 𝑑𝐿𝑖

𝑓
     ∀𝑖. 

 Second, 𝛽𝑖 denotes the ratio of the project´s general equilibrium effect on labor supply 

(𝑑𝐿𝑖
𝑆) to the project´s use of labor (𝑑𝐿𝑖

𝑔
): 

 (22) 𝛽𝑖 = 
𝑑𝐿𝑖

𝑆

𝑑𝐿𝑖
𝑔   and, thus, 1 − 𝛽𝑖 = − 

𝑑𝐿𝑖
𝑓

𝑑𝐿𝑖
𝑔    ∀𝑖 

 In a general equilibrium model, 𝛽𝑖 can – in principle – take any value between minus and 

plus infinity (an issue further explored in Section 3.6). 

 Third, 𝛼𝑖 and 1 − 𝛼𝑖, respectively, stand for the share of the intensive-margin, 

hours-of-work response (𝑑𝐿𝑖
𝑆𝐼) and the extensive-margin, participation response (𝑑𝐿𝑖

𝑆𝐸) in 

the aggregate labor-supply response of group 𝑖 (𝑑𝐿𝑖
𝑆):

11
  

 (23) 𝛼𝑖 = 
𝑑𝐿𝑖

𝑆𝐼

𝑑𝐿𝑖
𝑆      and    1 − 𝛼𝑖 = 

𝑑𝐿𝑖
𝑆𝐸

𝑑𝐿𝑖
𝑆 ,    with  0 ≤ 𝛼𝑖 ≤ 1   ∀𝑖. 

 Turning to the meaning of Eq. (20), note, first, that it is a general equilibrium cost-benefit 

rule for a small project that increases the supply of public goods, that is, a project that 

results in 𝑑𝑧 > 0. The project is welfare enhancing (𝑑𝑊 𝜆 > 0⁄ ) if the rhs of (20) is 

larger than zero.
12

 As 𝑑𝑊 𝜆⁄  is a monetary welfare measure, the economic interpretation 

is as follows. 

 The sum in first line on the rhs of (20) shows the direct utility benefit of the project – an 

increase in welfare resulting from increasing public goods, ∑ ((𝜕𝑉𝑖 𝜕𝑧⁄ )/𝜆)𝑖 𝑑𝑧 > 0, with 

the sum reflecting individuals´ aggregate willingness to pay for more public goods. The 

second term, (1 + 𝑐)𝑝(𝜕𝑥𝑆 𝜕𝑧⁄ )𝑑𝑧, is a monetary expression of the welfare gain due to 

                                                           
11

  For completeness, note that totally differentiating Eq. (7) yields: 

𝑑𝐿𝑖
𝑆 = 𝑁𝑖𝐹(𝑅

∗)𝑑ℎ(⋅) + 𝑁𝑖(𝜕𝐹 𝜕𝑅∗⁄ )𝑑𝑅∗ℎ(⋅). 𝑁𝑖𝐹(𝑅
∗)𝑑ℎ(⋅) is the intensive margin 

response, 𝑑𝐿𝑖
𝑆𝐼, and 𝑁𝑖(𝜕𝐹 𝜕𝑅∗⁄ )𝑑𝑅∗ℎ(⋅) is the extensive margin response, 𝑑𝐿𝑖

𝑆𝐸. Thus, 

𝛼𝑖 = 𝑁𝑖𝐹(𝑅
∗)𝑑ℎ(⋅) 𝑑𝐿𝑖

𝑆⁄  and 1 − 𝛼𝑖 = 𝑁𝑖(𝜕𝐹 𝜕𝑅∗)𝑑𝑅∗ ℎ(⋅)⁄ 𝑑𝐿𝑖
𝑆⁄ . 

12
 In applied analyses, the rhs of (20) is the economic net present value (𝑁𝑃𝑉) of a project. 

Therefore, the rule to accept (reject) a project if its 𝑁𝑃𝑉 ≥ 0 (𝑁𝑃𝑉 < 0) is based on the fact 

that for such a project 𝑑𝑊 𝜆⁄ ≥ 0 (𝑑𝑊 𝜆⁄ < 0). 
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the productivity effect of public goods – a gain valued at consumer prices, (1 + 𝑐)𝑝, 

because it is this price that measures individuals´ appreciation of marketed goods and 

services. And then, the last term, (1 + 𝑐)𝑝𝑑𝑥𝑔, captures the economic cost of using 𝑥 in 

the production of public goods. Note that they exceed financial cost, which is 𝑝𝑑𝑥𝑔 (see 

Eq. (16)); economic cost are higher because the forgone value of consumption to 

individuals is (1 + 𝑐)𝑝𝑑𝑥𝑔 whereas government pays only 𝑝𝑑𝑥𝑔. 

 The sums in lines two to four of Eq. (20) show welfare effects, which can be positive or 

negative, stemming from the project’s general equilibrium impact on labor supply and 

demand. We have written them in a manner that is useful for our purpose. More 

specifically, all elements of the three sums comprise the product of a value and a quantity. 

To illustrate – using line 2 as an example – the last square bracket, 𝛽𝑖𝛼𝑖𝑑𝐿𝑖
𝑔

, captures a 

quantity, more specifically, the project´s impact on labor supply at the intensive margin. 

This change in labor supply is multiplied by a value, (1 − 𝑡𝑚𝑖)𝑤𝑖. 

 As the purpose of this paper is to estimate shadow wages, we could confine ourselves to 

exploring the values in the sums of lines two to four of Eq. (20). However, the economics 

of shadow wages are easier to grasp if we discuss, too, a project´s impact on the supply of 

and demand for labor – which we will do next. 

3.6 Shadow wages in general equilibrium cost-benefit rules 

 To focus on shadow wages, let 𝛺 represent the welfare effect resulting from the project´s 

impact on labor markets. From discussing Eq. (20) we know that  

(24) 𝛺 = −∑ [(1 − 𝑡𝑚𝑖)𝑤𝑖][𝛽𝑖𝛼𝑖𝑑𝐿𝑖
𝑔
]𝑖  

   −∑ [(1 − 𝑡𝑝𝑖)𝑤𝑖][𝛽𝑖(1 − 𝛼𝑖)𝑑𝐿𝑖
𝑔
]𝑖  

   −∑ (1 + 𝑐)(1 + 𝑠)𝑤𝑖[(1 − 𝛽𝑖)𝑑𝐿𝑖
𝑔
]𝑖 . 

 In (24), the first, second, and third line – respectively – pertains to the project´s impact on 

(i) labor supply at the intensive margin, (ii) labor supply at the extensive margin, and (iii) 

firms´ demand for labor. Whether 𝛺 is negative or positive depends on 𝛽𝑖. 

 Recall from Eq. (22) that 𝛽𝑖 is the ratio of the equilibrium change in labor supply (𝑑𝐿𝑖
𝑆) to 

the project´s use of labor (𝑑𝐿𝑖
𝑔

). The change in labor supply has two causes. For one 

thing, the project´s demand for labor puts upward pressure on wages, triggering an 

increase in supply at both margins. For another, the increase in public goods might affect 

labor supply, with the direction of this change depending on whether individuals consider 

public goods and working complements or substitutes. If they are complements, providing 

more public goods raises labor supply for a given wage. To illustrate, suppose an 

investment in public roads stimulates individuals´ desire to own cars – a desire met by 

working more or joining the labor force. Conversely, if public goods and working are 
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substitutes, additional public goods lessen labor supply for a given wage. Think of an 

environmental clean-up that makes available abandoned mining sites for recreational 

pursuits, thereby enhancing the scope and quality of leisure activities and, by extension, 

reducing the supply of labor. In principle, when public goods directly affect the supply of 

labor, −∞ < 𝛽𝑖 < ∞. Against this background, it is useful to briefly examine the 

economics of alternative values of 𝛽𝑖. 

 To start with 0 < 𝛽𝑖 < 1. In this case, 𝛽𝑖𝛼𝑖𝑑𝐿𝑖
𝑔

 in Eq. (24) is the amount of labor the 

project sources, directly or indirectly, from an increase in the hours of work of individuals 

already in the market. Per unit of time, the cost to society of these extra hours is          

(1 − 𝑡𝑚𝑖)𝑤𝑖 and, hence, (1 − 𝑡𝑚𝑖)𝑤𝑖 is the shadow wage. This is no surprise given 

condition (4), which states that (1 − 𝑡𝑚𝑖)𝑤𝑖 measures the utility cost to individuals of 

working more, and since the social welfare function is individualistic, it measures the cost 

to society. Moving on to 𝛽𝑖(1 − 𝛼𝑖)𝑑𝐿𝑖
𝑔

, this is the project´s labor input coming, directly 

or indirectly, from an increase in labor-market participation. Per unit of time, the cost to 

society of this increase is (1 − 𝑡𝑝𝑖)𝑤𝑖 and, hence, (1 − 𝑡𝑝𝑖)𝑤𝑖 is the shadow wage – no 

surprise either in light of condition (6), which states that (1 − 𝑡𝑝𝑖)𝑤𝑖 measures the utility 

cost to individuals (and, by extension, society) that join the labor force. Finally,          

(1 − 𝛽𝑖)𝑑𝐿𝑖
𝑔

 shows the amount of labor the project effectively withdraws from 

employment elsewhere in the economy. Per unit of time, the cost to society of this labor is 

(1 + 𝑐)(1 + 𝑠)𝑤𝑖 and, hence, (1 + 𝑐)(1 + 𝑠)𝑤𝑖 is the shadow wage. This is because 

labor withdrawn from firms reduces the output of private goods; with profit-maximizing 

behavior (see Eq. (14)), the value of forgone output to firms is given by the producer 

wage (1 + 𝑠)𝑤𝑖; multiplying this wage by (1 + 𝑐) expresses this value in consumer 

prices, which is the value of forgone output to individuals. To conclude the economic 

interpretation of Eq. (24) for 0 < 𝛽𝑖 < 1: if this holds for all 𝑖, 𝛺 < 0, that is, the 

project´s welfare effect due to changes in the labor market are negative.
13

 

 Second, consider 𝛽𝑖 = 0, implying 𝑑𝐿𝑖
𝑆 = 0 and, hence, 𝑑𝐿𝑖

𝑔
= −𝑑𝐿𝑖

𝑓
 (see Eq. (22)): the 

project has no impact on labor supply, and all labor for the project is directly or indirectly 

                                                           
13

 At this stage it is useful to point out how employment creation enters the cost-benefit rule. For 

a start, employment creation as such implies a drop in leisure and, thus, cost to society. The 

benefit to society of employing people in the project is accounted for by the welfare gain of 

increasing the supply of pubic goods. That said, employment creation has merits compared to 

its alternative, that is, withdrawing staff from employment elsewhere in the economy. 

Consider a labor-market participation response, which cost society (1 − 𝑡𝑝𝑖)𝑤𝑖 per unit of 

time; by comparison, the cost of withdrawing people from other employment is                 
(1 + 𝑐)(1 + 𝑠)𝑤𝑖; the difference between the latter and the former expressed as a ratio to the 

gross market wage (including firms´ contribution to social security) is 𝑐 + (𝑠 + 𝑡𝑝𝑖) (1 + 𝑠)⁄ . 

To illustrate, with 𝑠 = 0.1, 𝑐 = 0.15, and 𝑡𝑝𝑖 = 0.4, this ratio is 0.6, which means that the 

cost avoided by drawing people into the labor market instead of withdrawing them from other 

employment is equivalent to 60 percent of the gross market wage (1 + 𝑠)𝑤𝑖. 
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withdrawn from firms. If 𝛽𝑖 = 0  ∀𝑖, the first two lines on the rhs of Eq. (24) vanish and, 

thus, 𝛺 = −(1 + 𝑐)(1 + 𝑠)∑ 𝑤𝑖𝑑𝐿𝑖
𝑔
< 0𝑖 . It follows that the project´s economic cost of 

labor are solely determined by the value individuals attach to forgone private goods. 

 Third, take 𝛽𝑖 = 1, implying 𝑑𝐿𝑖
𝑆 = 𝑑𝐿𝑖

𝑔
 and, hence, 𝑑𝐿𝑖

𝑓
= 0: the project triggers an 

increase in labor supply that matches the project´s labor demand while labor used to 

produce private goods is constant. If 𝛽𝑖 = 1  ∀𝑖, the last line on the rhs of Eq. (24) 

vanishes and, thus, 𝛺 = −∑ [𝛼𝑖(1 − 𝑡𝑚𝑖)𝑤𝑖 + (1 − 𝛼𝑖)(1 − 𝑡𝑝𝑖)𝑤𝑖]𝑖 𝑑𝐿𝑖
𝑔

, which is 

negative for 𝑡𝑚𝑖 , 𝑡𝑝𝑖 ≥ 0. For 𝛼𝑖 = 1, all labor of type 𝑖 for the project effectively comes 

from an increase in the hours of work of individuals already working. Conversely, for 

𝛼𝑖 = 0, all labor for the project is effectively sourced from an increase in the labor force. 

 Fourth, think through 𝛽𝑖 < 0  ∀𝑖, which implies a decline in aggregate labor supply 

(𝑑𝐿𝑖
𝑆 < 0) and, thus, an increase in leisure. The welfare gain of this is given by the first 

and second lines in Eq. (24), which are positive for 𝛽𝑖 < 0 and 𝑡𝑚𝑖 , 𝑡𝑝𝑖 ≥ 0. With a 

decline in aggregate labor supply and an increase in government employment, firms´ use 

of labor must fall by more than labor supply to maintain labor-market equilibria. The 

welfare loss of this fall (resulting from a drop in individuals´ consumption of private 

goods) is given by the third line in Eq. (24), which is negative for 𝛽𝑖 < 0. From Eq. (24) it 

can be inferred that the consumption-related welfare loss is larger than the leisure-related 

welfare gain and, hence, 𝛺 < 0.
14

 

 Finally, turn to 𝛽𝑖 > 1  ∀𝑖, implying a labor-supply response triggered by the project that 

is large enough to satisfy both government and firms´ additional demand for labor. In this 

case, there would be no crowding out but a stimulation of employment in sectors 

producing private goods (𝑑𝐿𝑖
𝑓
> 0). In these circumstances, the third line in Eq. (24) 

measures social benefits rather than cost. However, with an increase in labor supply, the 

first two lines in Eq. (24) signal a negative welfare effect caused by sacrifices in leisure. 

Whether the positive welfare effect outweighs the negative one, or vice versa, is unclear. 

If it does, that is, if 𝛺 > 0, the project would give rise to labor benefits rather than cost – 

benefits that come on top of ∑ ((𝜕𝑉𝑖 𝜕𝑧⁄ )/𝜆)𝑖 𝑑𝑧 + (1 + 𝑐)𝑝(𝜕𝑥𝑆 𝜕𝑧)𝑑𝑧⁄ > 0 in the 
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 A condensed version of (24) is: 

 𝛺 = −∑ [𝛽𝑖{𝛼𝑖(1 − 𝑡𝑚𝑖) + (1 − 𝛼𝑖)(1 − 𝑡𝑝𝑖)}𝑤𝑖 + (1 − 𝛽𝑖)(1 + 𝑐)(1 + 𝑠)𝑤𝑖]𝑑𝐿𝑖
𝑔

𝑖 . 

With  𝑡𝑚𝑖, 𝑡𝑝𝑖 ≥ 0, the term in square brackets is positive for 𝛽𝑖 < 0, resulting in 𝛺 < 0. To 

see the economic logic, keep in mind, first, that – in absolute terms – the drop in firms´ 

demand for labor (causing a drop in private goods) is larger than the increase in leisure 

(mirroring the decline in labor supply). Second, the tax-transfer system creates a wedge 

between the value of time used in production, which is (1 + 𝑐)(1 + 𝑠)𝑤𝑖, and the value of 

time allocated to leisure, which is {𝛼𝑖(1 − 𝑡𝑚𝑖) + (1 − 𝛼𝑖)(1 − 𝑡𝑝𝑖)}𝑤𝑖. As the ´larger´ drop 

in firms´ demand for labor is multiplied by a ´larger´ value, (1 + 𝑐)(1 + 𝑠)𝑤𝑖, the product of 

both must exceed the product of a ´smaller´ increase in leisure and a ´smaller´ leisure 

value, {𝛼𝑖(1 − 𝑡𝑚𝑖) + (1 − 𝛼𝑖)(1 − 𝑡𝑝𝑖)}𝑤𝑖. 
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cost-benefit rule (20). While the sign of 𝛺 is unclear,
15

 the likelihood of 𝛺 > 0 is the 

larger, the larger 𝛽𝑖.
16

 What is more, for each type of labor 𝑖, there is a threshold 𝛽𝑖
∗ such 

that for 𝛽𝑖 > 𝛽𝑖
∗ the positive welfare effect exceeds the negative one and, thus, 𝛺𝑖 > 0.

17
 

 To take stock, the aim of this section has been to derive formulae for shadow wages in the 

framework of a general equilibrium cost-benefit rule for project and policy analyses. 

Moreover, in deriving these formulae our goal has been to account for different types of 

labor; acknowledge that in the new general equilibrium, labor supply, labor demand, or 

both will have changed; and to explicitly distinguish between individuals who adjust their 

hours of work (intensive-margin response) and those who move into or out of the labor 

market (extensive-margin response). Eq. (20) is the cost-benefit rule to ascertain whether 

a project is worthwhile from society´s perspective – it is if the rhs of Eq. (20) is larger 

than zero. The shadow wage (𝑆𝑊) formulae we aimed for are embedded in Eq. (20): 

𝑆𝑊𝑖
𝐼 = (1 − 𝑡𝑚𝑖)𝑤𝑖 for labor supply at the intensive margin; 𝑆𝑊𝑖

𝐸 = (1 − 𝑡𝑝𝑖)𝑤𝑖 for 

labor supply at the extensive margin; and 𝑆𝑊𝑖
𝑓
= (1 + 𝑐)(1 + 𝑠)𝑤𝑖 for labor associated 

with changes in the demand for labor of firms that produce private goods.  

 To prepare for the empirics in Section 4, the following set of equations summarizes the 

shadow wage formulae in a slightly modified fashion: 

 (25.1)   𝑆𝑊𝑖
𝐼 = [

1−𝑡𝑚𝑖

1+𝑠
] [(1 + 𝑠)𝑤𝑖],     with     [

1−𝑡𝑚𝑖

1+𝑠
] = 𝐶𝐹𝑖

𝐼 ≤ 1  for  𝑡𝑚𝑖 ≥ 0 

 (25.2)   𝑆𝑊𝑖
𝐸 = [

1−𝑡𝑝𝑖

1+𝑠
] [(1 + 𝑠)𝑤𝑖],     with     [

1−𝑡𝑝𝑖

1+𝑠
]  = 𝐶𝐹𝑖

𝐸 ≤ 1  for  𝑡𝑝𝑖 ≥ 0 

 (25.3)   𝑆𝑊𝑖
𝑓
= [1 + 𝑐][(1 + 𝑠)𝑤𝑖],       with       1 + 𝑐 = 𝐶𝐹𝑖

𝑓
≥ 1  for  𝑐 ≥ 0 
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 The reason why the sign of 𝛺 is ambiguous is as follows. The extra labor for producing more 

private goods is smaller than the decline in leisure (the latter giving a boost to labor supply big 

enough to cater for firms´ increased use of labor and the project´s use of labor). However, per 

unit of time, the economic value of firms´ additional use of labor exceeds the value of 

sacrificed leisure (see footnote 14). 
16

 That the likelihood of 𝛺 > 0 rises with 𝛽𝑖 follows from 𝜕𝛺 𝜕𝛽𝑖 > 0⁄ , a term most easily 

calculated on the basis of the condensed version of Eq. (24) presented in footnote 14. Note for 

𝜕𝛺 𝜕𝛽𝑖⁄  to be unambiguously positive one needs to posit non-negative labor-income tax rates, 

that is, 𝑡𝑚𝑖, 𝑡𝑝𝑖 ≥ 0. 
17

 Zooming in on a particular type of labor 𝑖, we search for 𝛽𝑖
∗ that yields 𝛺𝑖 ≥ 0. Using the 

condensed version of Eq. (24) from footnote 14, we get: 

 𝛽𝑖
∗ ≥ 1 [1 − {𝛼𝑖(1 − 𝑡𝑚𝑖) + (1 − 𝛼𝑖)(1 − 𝑡𝑝𝑖)} {(1 + 𝑐)(1 + 𝑠)}⁄ ]⁄ . For illustrative 

purposes, assume 𝑡𝑚𝑖 = 𝑡𝑝𝑖 = 0.28, 𝑐 = 0.2, and 𝑠 = 0.1. For these parameters, 𝛽𝑖
∗ = 2.2. 

Obviously, the public good in question must substitute for leisure (otherwise 𝛽𝑖 cannot be 

larger than one). More specifically,  𝛽𝑖
∗ = 2.2 means that for each unit of labor used by the 

project, it needs to trigger a labor-supply response of at least 2.2 units. 
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 These equations show the shadow wage as a multiple of the market wage – the latter 

defined as the gross wage including firms´ contributions to social security, (1 + 𝑠)𝑤𝑖. As 

this multiple converts the market wage into its economic counterpart, it is called 

labor-cost conversion factor, for which we use the abbreviation 𝐶𝐹. 

 In the next section we use formulae (25.1), (25.2), and (25.3) to estimate labor-cost 

conversion factors for OECD countries. And then, in Section 5, we will return to Eq. (24) 

and examine how to determine 𝛼𝑖 (that is, the share of the hours-of-work response in the 

aggregate supply response of group 𝑖), its companion 1 − 𝛼𝑖 (that is, share of the 

participation response in the aggregate labor supply response), and 𝛽𝑖 (that is, the 

coefficient that captures the aggregate labor supply response caused by the project). 

4. Estimates 

 As formulae (25.1)–(25.3) show, we need – for each country – four components to 

estimate labor-cost conversion factors. Two of them – marginal effective tax rates (𝑡𝑚𝑖) 

and participation tax rates (𝑡𝑝𝑖) – are group specific whereas the other two – the social 

security tax rate levied on firms (𝑠) and the consumption tax rate (𝑐) – are the same for all 

groups 𝑖. As to 𝑠 and 𝑐, we use country-level OECD data, with 𝑐 approximated by a 

country´s value-added tax rate.
18

 As to 𝑡𝑚𝑖 and 𝑡𝑝𝑖, we make use of OECD Social 

Expenditure Statistics.
19

 In this context, two choices and a simplifying assumption have to 

be made. 

 First, we need an empirical equivalent of what the model considers a group, that is, 

individuals offering labor of type 𝑖. Obviously, OECD statistics do not refer to types of 

labor. Rather, they distinguish between individuals in different income brackets. We take 

these brackets as substitutes for types of labor, recognizing that while there is a positive 

correlation between labor skills and income, the mapping is certainly imperfect. It follows 

that our estimates are for individuals in different income brackets. We focus on 11 

brackets (OECD data cover a total of 20), ranging from an income equal to 40 percent of 

the national average to 140 percent of this average; we consider this a suitable range for 

appraising representative projects and policies. 
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  The first two columns of Annex Table C.3 show the values of 𝑠 and 𝑐 used in this paper. See 

also footnote 24. 
19

 More specifically, we rely on data from the Taxes and Benefits dataset in the OECD Social 

Expenditure Statistics. We use 2014 data. The OECD regularly updates this dataset and the 

estimates presented here are relatively easy to update, too. However, our estimates remain up-

to-date in the absence of major changes in countries´ fiscal regimes or corrections of mistakes 

in the data. Note that we substitute the term ‘transfers’ for what is called ‘benefits’ in the 

OECD data as we want to use the label ‘benefits’ with the meaning it has in cost-benefit 

analysis. 
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 The second choice is that of a ‘typical’ individual. OECD statistics refer to a variety of 

households such as single earners without children, one-earner married couples without 

children, or two-earner married couples with two children. We chose the latter for our 

base case and calculate labor-cost conversion factors for individuals under the assumption 

that their spouses earn the average income.
20

 

 Finally, in formulae (25.1) and (25.2), respectively, the gross wage (𝑤𝑖) combines with the 

marginal (𝑡𝑚𝑖) and participation tax rate (𝑡𝑝𝑖) effectively levied on this wage. By contrast, 

the empirical values of 𝑡𝑚𝑖 and 𝑡𝑝𝑖 are those effectively levied on annual gross wage 

income. There is no difference between theoretical and empirical 𝑡𝑚𝑖 and 𝑡𝑝𝑖 if the annual 

number of hours worked are the same for all income brackets; for simplicity, we assume 

that this is the case. In calculating effective marginal tax rates and participation tax rates 

we account for income taxes, employees´ social security contributions, and social 

transfers – the latter largely comprising social assistance, housing benefits, and family 

benefits (see Annex Tables C.1 and C.2 for details). 

 Putting numbers to formula (25.1), Table 1 shows labor-cost conversion factors for a 

labor-supply response at the intensive margin.
21

 The average of these factors is 0.55 and 

95 percent of them range from 0.34 to 0.81. Thus, in our sample, the shadow wage at the 

intensive margin amounts, on average, to 55 percent of the gross market wage (including 

firms´ contributions to social security) and 95 percent of the shadow wages range from 34 

percent to 81 percent of the gross market wage. It also transpires that for many countries 

the conversion factor do not vary a lot across income brackets.
22

 

 Putting numbers to formula (25.2), Table 2 shows labor-cost conversion factors for a 

labor-supply response at the extensive margin. The average of these factors is 0.27 and 

95 percent of them go from 0.15 to 0.42. Thus, in our sample, the shadow wage at the 

extensive margin amounts, on average, to 27 percent of the gross market wage (including 

firms´ contributions to social security) and 95 percent of the shadow wages range from 

15 percent to 42 percent of the gross market wage. Considering the entire range of 

estimates, the maximum value is 0.46 (for Chile, in the 140 percent income bracket) and 
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 The definition of a ‘typical’ individual affects the estimates. To illustrate this, we report in 

Annex D results for a single earner without children. Note that appraisal practitioners might 

choose yet a different type of individual included in the OECD data, reflecting the specifics of 

the project or policy under consideration. 
21

 Table 1 and all following tables show estimates for all OECD countries except Latvia and 

Mexico, for which we did not find all the data necessary to calculate conversion factors. 
22

 Note a few outliers, particularly at low income brackets. The maximum conversion factor is 

0.87 (for Italy and Israel, in the 40 percent income bracket) and the minimum value is –0.18 

(for Slovenia, in the 50 and 60 percent income brackets). The negative value for Slovenia 

seems remarkable but simply reflects an effective marginal tax rate larger than 100 percent at 

this income bracket; thus, after accounting for income taxes, employees´ social security 

contribution, and cuts in social transfers, a higher gross wage income results in lower net 

income. 
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the minimum value is 0.09 (for Slovenia, in the 40 percent income bracket). The low 

value for Slovenia reflects a participation tax rate close to 100 percent at this income 

bracket, implying that a married couple (with two children) gains little when the hitherto 

unemployed spouse becomes formally employed – in essence, the withdrawal of social 

transfers almost outweighs the additional take-home pay from working. 

 Comparing Table 1 with Table 2, two insights emerge. For one thing, conversion factors 

for people moving out of or into voluntary unemployment (Table 2) are lower than those 

for people adjusting the number of hours they work (Table 1); this is because participation 

tax rates substantially exceed marginal effective tax rates in virtually all countries.
23

 It 

follows that the cost to society of drawing people into work are lower than the cost of 

making employed people work more. For another, while there is no clear pattern in how 

‘intensive’ conversion factors change across income brackets (Table 1), ‘extensive’ 

conversion factors tend to increase as one moves to higher income brackets (Table 2). 

That is, for people moving into or out of the labor market, the gap between market wages 

and shadow wages is particularly pronounced for those at the low end of the pay scale. 

 Finally, turning to formula (25.3), Table 3 shows labor-cost conversion factors for labor 

withdrawn from (or added to) the production of private goods. As we work with a single 

consumption tax rate, there is one conversion factor for each country that applies to all 

income brackets. On average, the conversion factor is 1.19, with a minimum of 1.05 

(Canada and Japan) and a maximum of 1.27 (Hungary). Thus, on average, the shadow 

wage of labor withdrawn from (or added to) the production of private goods exceeds the 

gross market wage (including firms´ contribution to social security) by 19 percent.
24
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 See Annex Tables C.1 and C.2. 
24

  For simplicity, we use standard statutory value-added tax rates rather than effective 

consumption tax rates. This biases our estimates in two counteracting ways. For one thing, 

some goods are exempt from VAT or subject to a rate lower than the standard rate; this makes 

the effective VAT rate lower than the statutory one; Table 3 would, then, overstate `true´ 

conversion factors. For another, some goods are subject to specific taxes in addition to VAT 

(petrol, alcohol, and tobacco – for example), implying that Table 3 understates `true´ 

conversion factors. Results in Üngör (2014) indeed suggest that statutory VAT rates might 

over– or understate effective consumption tax rates. However, for most OECD countries 

covered in Üngör (2014), the gap between effective and statutory rates is less than ±25 

percent of the standard statutory rate. That said, calculating effective consumption tax rates 

offers scope for further refining our estimates of conversion factors for labor withdrawn from 

other employment. 
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Table 1:     Labor-cost conversion factors for labor supply at the intensive margin (𝐶𝐹𝑖
𝐼) 

(married, at consumer prices) 

 Income bracket in percent of a country´s average income 

 40 50 60 70 80 90 100 110 120 130 140 

Australia 0.46 0.61 0.61 0.61 0.61 0.63 0.62 0.58 0.59 0.58 0.59 

Austria 0.29 0.46 0.46 0.46 0.46 0.42 0.42 0.42 0.42 0.42 0.42 

Belgium 0.41 0.32 0.27 0.36 0.37 0.37 0.37 0.34 0.34 0.34 0.34 

Canada 0.58 0.63 0.63 0.58 0.60 0.53 0.55 0.59 0.59 0.59 0.62 

Switzerland 0.63 0.63 0.60 0.62 0.61 0.59 0.66 0.65 0.63 0.61 0.61 

Chile 0.81 0.81 0.81 0.81 0.81 0.81 0.81 0.81 0.81 0.78 0.78 

Czech Republic 0.56 0.55 0.55 0.55 0.55 0.55 0.55 0.55 0.55 0.55 0.55 

Germany 0.46 0.45 0.44 0.43 0.45 0.44 0.44 0.48 0.47 0.46 0.46 

Denmark 0.60 0.60 0.60 0.60 0.60 0.58 0.58 0.58 0.58 0.44 0.44 

Spain 0.76 0.41 0.57 0.57 0.57 0.54 0.54 0.54 0.54 0.54 0.54 

Estonia 0.61 0.61 0.61 0.61 0.61 0.61 0.61 0.61 0.61 0.61 0.61 

Finland 0.57 0.52 0.56 0.47 0.46 0.46 0.45 0.43 0.43 0.43 0.43 

France 0.49 0.37 0.53 0.53 0.53 0.53 0.49 0.45 0.45 0.45 0.45 

United Kingdom 0.62 0.62 0.62 0.62 0.62 0.62 0.62 0.62 0.53 0.53 0.53 

Greece 0.83 0.66 0.65 0.65 0.65 0.65 0.64 0.23 0.61 0.15 0.56 

Hungary 0.54 0.53 0.53 0.53 0.53 0.53 0.54 0.53 0.53 0.53 0.53 

Ireland 0.69 0.67 0.63 0.63 0.63 0.63 0.63 0.44 0.44 0.44 0.44 

Iceland 0.51 0.51 0.49 0.49 0.49 0.49 0.49 0.49 0.49 0.42 0.47 

Israel 0.87 0.78 0.79 0.79 0.79 0.64 0.64 0.64 0.64 0.54 0.54 

Italy 0.87 0.49 0.47 0.45 0.45 0.22 0.45 0.38 0.38 0.38 0.38 

Japan 0.68 0.68 0.68 0.68 0.67 0.65 0.65 0.65 0.65 0.58 0.56 

Korea 0.81 0.81 0.75 0.71 0.72 0.72 0.72 0.70 0.74 0.74 0.74 

Luxembourg 0.57 0.52 0.50 0.50 0.46 0.45 0.45 0.45 0.45 0.45 0.48 

Netherlands 0.60 0.56 0.56 0.49 0.49 0.46 0.46 0.46 0.38 0.38 0.38 

Norway 0.58 0.58 0.58 0.58 0.58 0.58 0.50 0.50 0.50 0.50 0.50 

New Zealand 0.60 0.60 0.60 0.81 0.81 0.68 0.68 0.68 0.68 0.65 0.65 

Poland 0.61 0.61 0.61 0.61 0.61 0.61 0.61 0.61 0.61 0.61 0.61 

Portugal 0.51 0.50 0.50 0.51 0.51 0.48 0.48 0.48 0.48 0.48 0.48 

Slovak Republic 0.50 0.57 0.57 0.57 0.57 0.57 0.57 0.57 0.57 0.57 0.57 

Slovenia 0.20 -0.18 -0.18  0.57 0.57 0.50 0.57 0.57 0.50 0.50 0.50 

Sweden 0.57 0.57 0.58 0.57 0.57 0.55 0.55 0.40 0.39 0.39 0.39 

Turkey 0.62 0.58 0.58 0.58 0.58 0.58 0.58 0.58 0.53 0.53 0.53 

United States 0.65 0.65 0.65 0.65 0.65 0.65 0.65 0.56 0.56 0.56 0.56 

Notes:  The labor-cost conversion factor is the ratio of the shadow wage to the market wage – the latter defined here 

as the gross wage including firms´ social security contributions. Conversion factors are for an earner of a 

household that consists of a married couple, both earning income, and two children. The gross income of the 

other earner is equal to the average income and is unchanged over the income brackets of the earner for 

whom conversion factors are shown. Using formula (25.1), the results follow from the marginal effective 

tax rates reported in Annex Table C.1 and the social security tax rate levied on firms (see Annex Table C.3). 

Consumer prices are the metric underlying the conversion factors shown in this table. Alternatively, 

conversion factors can be based on producer prices. The link between conversion factors in consumer prices 

and producer prices will be examined in Section 5.2. 
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Table 2:     Labor-cost conversion factors for labor supply at the extensive margin (𝐶𝐹𝑖
𝐸) 

(married, at consumer prices) 

 Income bracket in percent of a country´s average income 

 40 50 60 70 80 90 100 110 120 130 140 

Australia 0.14 0.17 0.20 0.22 0.25 0.27 0.28 0.30 0.31 0.33 0.33 

Austria 0.19 0.20 0.22 0.23 0.24 0.25 0.26 0.27 0.27 0.28 0.29 

Belgium 0.14 0.16 0.16 0.17 0.18 0.19 0.20 0.21 0.21 0.22 0.22 

Canada 0.17 0.20 0.23 0.25 0.27 0.29 0.30 0.31 0.32 0.34 0.35 

Switzerland 0.20 0.23 0.26 0.28 0.30 0.31 0.33 0.34 0.36 0.37 0.38 

Chile 0.22 0.26 0.29 0.32 0.35 0.37 0.39 0.41 0.43 0.44 0.46 

Czech Republic 0.16 0.18 0.21 0.23 0.24 0.26 0.27 0.29 0.30 0.31 0.32 

Germany 0.14 0.16 0.18 0.19 0.21 0.22 0.23 0.24 0.25 0.26 0.27 

Denmark 0.13 0.16 0.19 0.21 0.23 0.25 0.27 0.28 0.30 0.30 0.31 

Spain 0.18 0.22 0.23 0.25 0.27 0.28 0.30 0.31 0.32 0.33 0.34 

Estonia 0.17 0.20 0.23 0.25 0.27 0.29 0.30 0.32 0.33 0.34 0.35 

Finland 0.20 0.23 0.25 0.26 0.27 0.28 0.29 0.30 0.30 0.31 0.31 

France 0.17 0.19 0.20 0.22 0.24 0.25 0.27 0.27 0.28 0.29 0.30 

United Kingdom 0.23 0.26 0.28 0.30 0.32 0.33 0.35 0.36 0.37 0.38 0.39 

Greece 0.24 0.27 0.29 0.31 0.33 0.34 0.35 0.36 0.37 0.37 0.37 

Hungary 0.15 0.17 0.20 0.22 0.23 0.25 0.26 0.28 0.29 0.30 0.31 

Ireland 0.20 0.23 0.24 0.27 0.29 0.30 0.32 0.33 0.33 0.34 0.34 

Iceland 0.13 0.15 0.17 0.19 0.21 0.22 0.24 0.25 0.26 0.27 0.28 

Israel 0.25 0.29 0.32 0.35 0.37 0.39 0.41 0.42 0.43 0.44 0.44 

Italy 0.17 0.20 0.21 0.23 0.24 0.25 0.25 0.26 0.26 0.27 0.27 

Japan 0.20 0.23 0.26 0.28 0.31 0.32 0.34 0.35 0.37 0.38 0.39 

Korea 0.23 0.27 0.31 0.33 0.35 0.37 0.39 0.41 0.42 0.43 0.45 

Luxembourg 0.19 0.21 0.23 0.25 0.26 0.27 0.28 0.29 0.29 0.30 0.31 

Netherlands 0.25 0.27 0.29 0.30 0.31 0.32 0.33 0.33 0.34 0.34 0.34 

Norway 0.20 0.23 0.25 0.27 0.29 0.30 0.31 0.32 0.33 0.34 0.35 

New Zealand 0.18 0.21 0.23 0.26 0.29 0.32 0.34 0.35 0.37 0.38 0.39 

Poland 0.16 0.19 0.21 0.24 0.26 0.28 0.29 0.31 0.32 0.33 0.34 

Portugal 0.19 0.21 0.21 0.22 0.24 0.25 0.26 0.27 0.28 0.29 0.30 

Slovak Republic 0.16 0.19 0.21 0.23 0.25 0.27 0.28 0.30 0.31 0.32 0.33 

Slovenia 0.09 0.12 0.14 0.15 0.17 0.19 0.21 0.21 0.23 0.24 0.25 

Sweden 0.19 0.22 0.24 0.26 0.28 0.29 0.30 0.31 0.32 0.32 0.32 

Turkey 0.20 0.22 0.25 0.27 0.28 0.30 0.31 0.33 0.34 0.35 0.35 

United States 0.19 0.22 0.24 0.27 0.29 0.31 0.32 0.34 0.35 0.35 0.36 

Notes:  The notes to Table 1 apply, with the following modification: Using formula (25.2), the results follow from 

the participation tax rates reported in Annex Table C.2 and the social security tax rate levied on firms (see 

Annex Table C.3). 
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Table 3:      Labor-cost conversion factors for labor demand (𝐶𝐹𝑖
𝑓
) 

(married and single, at consumer prices) 

 Conversion factor   Conversion factor 

Australia 1.10  Iceland 1.26 

Austria 1.20  Israel 1.18 

Belgium 1.21  Italy 1.22 

Canada 1.05  Japan 1.05 

Switzerland 1.08  Korea 1.10 

Chile 1.19  Luxembourg 1.15 

Czech Republic 1.21  Netherlands 1.21 

Germany 1.19  Norway 1.25 

Denmark 1.25  New Zealand 1.15 

Spain 1.21  Poland 1.23 

Estonia 1.20  Portugal 1.23 

Finland 1.24  Slovak Republic 1.20 

France 1.20  Slovenia 1.22 

United Kingdom 1.20  Sweden 1.25 

Greece 1.23  Turkey 1.18 

Hungary 1.27  United States 1.10 

Ireland 1.23    

Notes:  The labor-cost conversion factor is the ratio of the shadow wage to the market wage – the 

latter defined here as the gross wage including firms´ social security contributions. Using 

formula (25.3), the results follow from the value-added tax rates reported in 

Annex Table C.3. Consumer prices are the metric underlying the conversion factors 

shown in this table. Alternatively, conversion factors can be based on producer prices. 

The link between conversion factors in consumer prices and producer prices will be 

examined in Section 5.2. 

 

 In sum, reflecting the distinction between an intensive and an extensive margin supply 

response, there are two labor-cost conversion factors for each income bracket; with 11 

income brackets, there are thus 22 conversion factors. In addition, there is one factor to 

account for a project´s impact on labor demand, giving a total of 23 conversion factors for 

each OECD country.
25

 The next section shows how these estimates can be used in applied 

cost-benefit analyses. 
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 For a single earner without children, labor-cost conversion factors for labor supply at the 

intensive and extensive margin, respectively, are shown in Annex Table D.3 and D.4. For 

most countries, there are no substantial differences between the ‘intensive’ conversion factors 

for a single earner and the ‘intensive’ conversion factors for our base case (an earner of a 

two-earner household with two children). However, for most countries, ‘extensive’ conversion 

factors for a single earner are considerably higher than those for an earner of a two-earner 

household; this is because participation tax rates for a single earner are markedly lower than 

those for an earner of a two-earner household. For completeness note that labor-cost 

conversion factors for labor demand are identical for all types of households. 
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5. Application 

5.1 Assessing a project´s general equilibrium impact on labor supply and demand 

 To make transparent the difference between a project´s budgetary (or financial) and its 

economic cost of labor, we show Eq. (24) in a different manner: 

 (26) 𝛺  = −∑ 𝛽𝑖𝛼𝑖𝐶𝐹𝑖
𝐼[(1 + 𝑠)𝑤𝑖𝑑𝐿𝑖

𝑔
]𝑖  

   −∑ 𝛽𝑖(1 − 𝛼𝑖)𝐶𝐹𝑖
𝐸[(1 + 𝑠)𝑤𝑖𝑑𝐿𝑖

𝑔
]𝑖  

   −∑ (1 − 𝛽𝑖)𝐶𝐹𝑖
𝑓
[(1 + 𝑠)𝑤𝑖𝑑𝐿𝑖

𝑔
]𝑖  

 The conversion factors (𝐶𝐹𝑖
𝐼, 𝐶𝐹𝑖

𝐸, and 𝐶𝐹𝑖
𝑓
) are defined in Eq. (25.1)–(25.3) and 

estimated in the  previous section. The term (1 + 𝑠)𝑤𝑖𝑑𝐿𝑖
𝑔

 represents the budgetary 

expenditure on employing labor of type 𝑖 in the project (see Eq. (16)). Assuming 

expenditure are known for each 𝑖, the missing ingredients for calculating 𝛺 are 𝛼𝑖 and 𝛽𝑖. 

Both parameters, which capture the general equilibrium effects of a project on labor 

supply and demand, are project specific. In principle, they can be estimated with the help 

of computable general equilibrium models, but as these effects are project specific, each 

project would require its own model. Developing such models might be justified for very 

large public projects, but for the typical project, this would be too costly relative to the 

insights such models generate. Therefore, in practice, one needs shortcuts. 

 An obvious shortcut is to abstract from the impact that public goods might have on labor 

supply.
26

 While this does not discard the general equilibrium approach, it limits the 

analysis to changes in labor demand and supply triggered by the upward pressure on 

wages resulting from the project. Three related consequences follow. For a start, rather 

than allowing for 𝑑𝐿𝑖
𝑆 < 0 and 𝑑𝐿𝑖

𝑓
> 0, we confine the analysis to 𝑑𝐿𝑖

𝑆 ≥ 0 and 𝑑𝐿𝑖
𝑓
≤ 0, 

that is, the project induces no or a positive (negative) labor-supply (demand) response. 

This implies 𝑑𝐿𝑖
𝑆 ≤ 𝑑𝐿𝑖

𝑔
 (with the equal sign holding for 𝑑𝐿𝑖

𝑓
= 0) and −𝑑𝐿𝑖

𝑓
≤ 𝑑𝐿𝑖

𝑔
 

(with the equal sign holding for 𝑑𝐿𝑖
𝑆 = 0). Second, 0 ≤ 𝛽𝑖 = 𝑑𝐿𝑖

𝑆 𝑑𝐿𝑖
𝑔
≤ 1⁄  and           

0 ≤ 1 − 𝛽𝑖 = −𝑑𝐿𝑖
𝑓
𝑑𝐿𝑖

𝑔
≤ 1⁄ , with 𝛽𝑖 representing the share of a project’s labor input 

sourced from a wage-induced increase in supply, and 1 − 𝛽𝑖 representing the share of a 

project’s labor input withdrawn from the production of private goods. Finally, the welfare 

effect of the project that operates through the labor market, 𝛺, is unambiguously negative, 

with –𝛺 > 0 representing the economic cost of the project´s labor input. 
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 Such effects are ruled out if public goods, 𝑧, are weakly separable from leisure and private 

goods, that is, if individuals´ utility function is 𝑢𝑖(�̃�𝑖(𝑥𝑖 , �̅� − ℎ𝑖), 𝑧), rather than          

𝑢𝑖(𝑥𝑖, �̅� − ℎ𝑖 , 𝑧) as set out in Eq. (1). �̃�(𝑥𝑖 , �̅� − ℎ𝑖) is a sub-utility function depending on 

consumption, 𝑥𝑖 , and leisure, 𝐿𝑖 = �̅� − ℎ𝑖. 
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 How to determine 𝛼𝑖 and 𝛽𝑖 for this simplified setting? In principle, both parameters 

continue to be project specific, implying that – ideally – analysts would have to assess 

both parameters for the project under consideration. There are two polar cases and a 

variety of cases in-between. First, analysts might conclude that 𝛽𝑖 = 0;  in this case, the 

economic cost of labor is 𝐶𝐹𝑖
𝑓(1 + 𝑠)𝑤𝑖𝑑𝐿𝑖

𝑔
; obviously, the issue of determining 𝛼𝑖 does 

not arise. Second, analysts might assume 𝛽𝑖 = 1; in this case, the economic cost of labor 

is [𝛼𝑖𝐶𝐹𝑖
𝐼 + (1 − 𝛼𝑖)𝐶𝐹𝑖

𝐸](1 + 𝑠)𝑤𝑖𝑑𝐿𝑖
𝑔

; the issue of setting 𝛼𝑖 arises unless one is 

willing to ignore differences between 𝑡𝑚𝑖 and 𝑡𝑝𝑖 and, thus, work with 𝐶𝐹𝑖
𝐼 = 𝐶𝐹𝑖

𝐸. Third, 

acknowledging that 0 < 𝛽𝑖 < 1, analysts need to choose a reasonable value for 𝛽𝑖; in this 

case, rearranging Eq. (26) leads to economic labor cost of 

 (27) −𝛺𝑖 = [𝛽𝑖{𝛼𝑖𝐶𝐹𝑖
𝐼 + (1 − 𝛼𝑖)𝐶𝐹𝑖

𝐸} + (1 − 𝛽𝑖)𝐶𝐹𝑖
𝑓
](1 + 𝑠)𝑤𝑖𝑑𝐿𝑖

𝑔
, 

with the term in square brackets representing a weighted labor-cost conversion factor for 

labor of type 𝑖. The issue of setting 𝛼𝑖 arises (unless one assumes 𝑡𝑚𝑖 = 𝑡𝑝𝑖 and, thus, 

𝐶𝐹𝑖
𝐼 = 𝐶𝐹𝑖

𝐸). 

A further shortcut is to work with economy-wide rather than project-specific values of 𝛼𝑖 

and 𝛽𝑖. To start with 𝛽𝑖, this parameter can be assumed to depend on the wage elasticities 

of supply and demand in the market for labor of type 𝑖. To illustrate, for a perfectly 

inelastic labor supply, 𝑑𝐿𝑖
𝑆 = 0 and, thus, 𝛽𝑖 = 0. This implies that the project’s use of 

labor comes entirely at the expense of employment elsewhere in the economy         

(𝑑𝐿𝑖
𝑔
= −𝑑𝐿𝑖

𝑓
). The other extreme is a perfectly elastic labor supply. In this case, 𝛽𝑖 = 1, 

employment in the production of private goods is not crowded out at all (𝑑𝐿𝑖
𝑓
= 0), and 

the project´s use of labor is entirely sourced from an increase in labor supply           

(𝑑𝐿𝑖
𝑔
= 𝑑𝐿𝑖

𝑆). 

 The Harberger formula details the role of supply and demand elasticities.
27

 More 

specifically, for the case at hand (that is, the shadow pricing of labor) it shows 

 (28) 𝛽𝑖 = 
𝜀𝑖

𝜀𝑖−𝜂𝑖
𝐿
𝑖
𝑓

𝐿𝑖
𝑆

  and 1 − 𝛽𝑖 = −

𝜂𝑖
𝐿𝑖
𝑓

𝐿𝑖
𝑆

𝜀𝑖−𝜂𝑖
𝐿𝑖
𝑓

𝐿𝑖
𝑆

,          with 𝜀𝑖 ≥ 0 and 𝜂𝑖 ≤ 0. 

 In (28), 𝜀𝑖 and 𝜂𝑖, respectively, is the wage elasticity of labor supply and demand. 𝐿𝑖
𝑓
𝐿𝑖
𝑆⁄  

is the ratio of firms’ demand for labor to labor supply; because 𝐿𝑖
𝑆 = 𝐿𝑖

𝑓
+ 𝐿𝑖

𝑔
, it reflects 
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 Harberger (1972, p.124). 
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the share of wage-sensitive labor demand (𝐿𝑖
𝑓
) in total demand, with 𝐿𝑖

𝑔
 being the 

autonomous government demand for labor; it follows that 𝐿𝑖
𝑓
𝐿𝑖
𝑆⁄ = 1 − 𝐿𝑖

𝑔
𝐿𝑖
𝑆⁄ , with 

𝐿𝑖
𝑔
𝐿𝑖
𝑆⁄  standing for the share of government employment in total employment. 

 Turning to 𝛼𝑖 and 1 − 𝛼𝑖 (and shedding more light on the labor-supply elasticity, 𝜀𝑖), they 

depend on the intensive-margin (hours-of-work) labor-supply elasticity, 𝜀𝑖
𝐼, and the 

extensive-margin (participation) labor-supply elasticity, 𝜀𝑖
𝐸. Following Kleven and 

Kreiner (2006), let 

(29)  𝜀𝑖 = 𝜀𝑖
𝐼 + 𝜀𝑖

𝐸, with 𝜀𝑖
𝐼 ≥ 0 and 𝜀𝑖

𝐸 ≥ 0.
28

 

 The share of labor sourced from an increase in hours of work and participation, 

respectively, can then be defined as 

 (30)  𝛼𝑖 =  
𝜀𝑖
𝐼

𝜀𝑖
𝐼+𝜀𝑖

𝐸   and 1 − 𝛼𝑖 = 
𝜀𝑖
𝐸

𝜀𝑖
𝐼+𝜀𝑖

𝐸 

 All in all, the economic cost of labor as defined in Eq. (27) can then be calculated with the 

weights as set out in (28) and (30), and using these weights leads to a weighted 

conversion factor, 𝐶𝐹𝑖,  for each type of labor 𝑖: 

 (31) 𝐶𝐹𝑖 = 𝛽𝑖𝛼𝑖𝐶𝐹𝑖
𝐼 + 𝛽𝑖(1 − 𝛼𝑖)𝐶𝐹𝑖

𝐸 + (1 − 𝛽𝑖)𝐶𝐹𝑖
𝑓
 

  To quantify 𝐶𝐹𝑖, we use 𝐶𝐹𝑖
𝐼,  𝐶𝐹𝑖

𝐸, and 𝐶𝐹𝑖
𝑓
 from Tables 1–3. In addition, we need, 

ideally, for each country group-specific estimates of 𝛼𝑖 and 𝛽𝑖. This, in turn, requires – for 

each country – group-specific labor demand (𝜂𝑖) and supply (𝜀𝑖
𝐼 and 𝜀𝑖

𝐸) elasticities as 

well as an estimate of the ratio of firms’ demand for labor to labor supply (𝐿𝑖
𝑓
𝐿𝑖
𝑆⁄ ). 

 To start with 𝐿𝑖
𝑓
𝐿𝑖
𝑆⁄ , we forgo – for lack of data – group-specific estimates. Instead, we 

estimate – for each country – an economy-wide ratio and assume it holds for all groups 𝑖. 

More specifically, we calculate the economy-wide ratio by accounting for             
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 In general, the ‘extensive margin’ wage elasticity of labor supply, 𝜀𝑖
𝐸, is definitely 

non-negative. By contrast, the ‘intensive margin’ wage elasticity of labor supply, 𝜀𝑖
𝐼, would be 

negative if the income effect of a change in wages dominates its substitution effect. However, 

for reasons set out when discussing Eq. (5), our models effectively assumes that a change in 

wages has a zero income effect on labor supply and, hence, in our model, 𝜀𝑖
𝐼 is unambiguously 

non-negative, too. 
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𝐿𝑓 𝐿𝑆⁄ = 1 − 𝐿𝑔 𝐿𝑆⁄  and positing that 𝐿𝑔 𝐿𝑆⁄  is equal to the ratio of public-sector 

employment to total employment; to gauge 𝐿𝑔 𝐿𝑆⁄  for each country, we use OECD data.
29

 

 Turning to 𝜂𝑖, 𝜀𝑖
𝐼, and 𝜀𝑖

𝐸, we simplify things further: not only do we refrain from 

estimating – for each country – group-specific elasticities, but we apply the same 

elasticities for each country. As to 𝜂, we rely on Lichter et al. (2014) who estimate 

labor-demand elasticities with a meta-regression analysis.
30

 As to 𝜀𝐼 and 𝜀𝐸, we use 

estimates from a cross-country study by Bargain et al. (2014).
31

 

 With 𝐿𝑓 𝐿𝑆⁄ , 𝜂, 𝜀𝐼, and 𝜀𝐸 as set out in the previous two paragraphs, 𝛽 ranges from 0.45 

(Japan and Korea) to 0.54 (Czech Republic, Denmark, and Norway) and 𝛼 is 0.16. For an 

economic interpretation of these values, let us use Japan and Korea as examples: the 

values imply that projects are reckoned to effectively source 45 percent of their labor 

input from an increase in labor supply and withdraw 55 percent of their needs from 

employment elsewhere in the economy. And then, 16 percent of the increase in labor 

supply is estimated to reflect extra hours of work of people already employed whereas the 

bulk – 84 percent – is posited to come from people joining the labor force. 

 With the values for 𝛽 and 𝛼 as reported in Annex Table C.3, Eq. (31) yields the weighted 

labor-cost conversion factors shown in Table 4. Three messages emerge from Table 4. 

First, the average of weighted conversion factors is 0.76. If one were to be content with a 

simple rule of thumb, this result suggests that shadow wages in OECD countries are about 

a quarter lower than market wages (the latter including firms´ contributions to social 

security).
32

  Second, while  conversion  factors  rise over income brackets,  the differences 
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 Annex Table C.3 shows country-specific 𝐿𝑓 𝐿𝑆⁄  ratios. 
30

 Lichter et al. (2014) derive their estimates based on 942 elasticity estimates from 105 different 

studies. We use a cross-country average of  𝜂 = −0.25. If country-specific elasticity estimates 

are available, appraisal practitioners could use them to calculate country-specific 𝛽. 
31

 Bargain et al. (2014) estimate labor-supply elasticities based on a sample of 17 European 

countries. For our calculations, we take the gender averages of 𝜀𝐼 = 0.03 and 𝜀𝐸 = 0.16, 

resulting in 𝜀 = 0.19 (Eq. (29)). 
32

 As indicated in the context of explaining Eq. (28), we assume that government demand for 

labor is autonomous, that is, unresponsive to changes in wages. Alternatively, if one posits 

that government demand is – like firms´ demand for labor (𝐿𝑓) – wage sensitive, the 

Harberger formula simplifies to 𝛽𝑖 = 𝜀𝑖/(𝜀𝑖 − 𝜂𝑖). Hence, 𝛽𝑖 becomes smaller and, by 

extension, 1 − 𝛽𝑖 increases (because 𝐿𝑓 𝐿𝑆 ≤ 1⁄ ). In economic terms: a larger share of the 

project´s use of labor is withdrawn from other employment. This results in higher weighted 

conversion factors because ‘labor-demand’ conversion factors exceed ´labor-supply´ 

conversion factors. For our sample, the average of weighted conversion factors would 

increase from 0.76 to 0.81. The effect of treating government demand for labor as wage 

sensitive is not uniform across countries, however. To illustrate, while the average of 

weighted conversion factors for Korea would increase only marginally (from 0.80 to 0.81), 

the average for Denmark would go up by 13.5 percent (from 0.74 to 0.84). 
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Table 4:     Weighted labor-cost conversion factors, 𝑪𝑭𝒊 (married, at consumer prices)  

 Income bracket in percent of a country´s average income  

 40 50 60 70 80 90 100 110 120 130 140 Average 

Australia 0.66 0.69 0.70 0.71 0.72 0.73 0.73 0.74 0.72 0.75 0.75 0.72 

Austria 0.71 0.73 0.74 0.74 0.75 0.75 0.75 0.76 0.76 0.76 0.76 0.75 

Belgium 0.71 0.71 0.71 0.72 0.72 0.73 0.73 0.73 0.73 0.73 0.74 0.72 

Canada 0.66 0.67 0.68 0.69 0.70 0.70 0.71 0.71 0.72 0.72 0.73 0.70 

Switzerland 0.70 0.71 0.72 0.73 0.74 0.74 0.75 0.76 0.76 0.77 0.77 0.74 

Chile 0.79 0.81 0.82 0.83 0.84 0.85 0.86 0.86 0.87 0.87 0.88 0.84 

Czech Republic 0.68 0.69 0.70 0.71 0.72 0.73 0.74 0.74 0.75 0.75 0.76 0.73 

Germany 0.72 0.73 0.73 0.74 0.75 0.75 0.75 0.76 0.76 0.77 0.77 0.75 

Denmark 0.69 0.71 0.72 0.73 0.74 0.74 0.75 0.76 0.76 0.75 0.76 0.74 

Spain 0.77 0.75 0.77 0.78 0.79 0.79 0.79 0.80 0.80 0.81 0.81 0.79 

Estonia 0.72 0.73 0.74 0.75 0.76 0.77 0.77 0.78 0.78 0.79 0.79 0.76 

Finland 0.76 0.77 0.78 0.78 0.78 0.79 0.79 0.79 0.79 0.80 0.80 0.78 

France 0.73 0.72 0.74 0.75 0.76 0.76 0.76 0.77 0.77 0.77 0.77 0.76 

United Kingdom 0.75 0.76 0.77 0.78 0.79 0.79 0.80 0.80 0.80 0.81 0.81 0.79 

Greece 0.79 0.79 0.79 0.80 0.81 0.82 0.82 0.79 0.82 0.79 0.82 0.80 

Hungary 0.73 0.74 0.75 0.76 0.77 0.78 0.78 0.79 0.79 0.80 0.80 0.77 

Ireland 0.75 0.77 0.77 0.78 0.79 0.79 0.80 0.79 0.79 0.79 0.79 0.78 

Iceland 0.73 0.75 0.75 0.76 0.77 0.77 0.78 0.78 0.79 0.79 0.79 0.77 

Israel 0.77 0.78 0.80 0.81 0.82 0.82 0.82 0.83 0.83 0.83 0.83 0.81 

Italy 0.77 0.76 0.76 0.76 0.77 0.75 0.77 0.77 0.77 0.78 0.78 0.77 

Japan 0.70 0.71 0.72 0.73 0.74 0.75 0.75 0.76 0.76 0.76 0.76 0.74 

Korea 0.75 0.77 0.78 0.78 0.79 0.80 0.81 0.81 0.82 0.82 0.83 0.80 

Luxembourg 0.70 0.70 0.71 0.72 0.72 0.72 0.72 0.73 0.73 0.73 0.74 0.72 

Netherlands 0.77 0.77 0.78 0.78 0.79 0.79 0.79 0.79 0.79 0.79 0.79 0.78 

Norway 0.72 0.73 0.74 0.75 0.76 0.77 0.77 0.77 0.77 0.78 0.78 0.76 

New Zealand 0.73 0.75 0.75 0.78 0.79 0.79 0.80 0.81 0.81 0.82 0.82 0.79 

Poland 0.73 0.74 0.75 0.76 0.77 0.78 0.79 0.79 0.80 0.80 0.81 0.78 

Portugal 0.76 0.77 0.77 0.78 0.78 0.78 0.79 0.79 0.80 0.80 0.80 0.78 

Slovak Republic 0.70 0.72 0.73 0.74 0.74 0.75 0.76 0.76 0.77 0.77 0.78 0.75 

Slovenia 0.67 0.66 0.66 0.72 0.73 0.74 0.75 0.75 0.75 0.76 0.76 0.72 

Sweden 0.74 0.75 0.76 0.77 0.78 0.78 0.79 0.78 0.78 0.78 0.78 0.77 

Turkey 0.76 0.76 0.77 0.78 0.79 0.79 0.80 0.80 0.80 0.81 0.81 0.79 

United States 0.69 0.70 0.71 0.72 0.73 0.74 0.75 0.75 0.75 0.75 0.75 0.73 

Notes:  See Table 1 for the definition of labor-cost conversion factors and income brackets; factors are for an earner of 

a two-earner married couple with two children. Results in the ‘income bracket’ columns follow from Eq. (31), 

that is, for each income bracket they show a weighted average of the conversion factors shown in Table 1 to 3, 

with the weights given by 𝛼 (for simplicity assumed to be the same for all countries) and 𝛽 (a parameter that 

partly rests on country-specific data). See Annex Table C.3 for the values of 𝛼 and 𝛽. Consumer prices are the 

metric underlying the conversion factors shown in this table. Alternatively, conversion factors can be based on 

producer prices. The link between conversion factors in consumer prices and producer prices is examined in 

Section 5.2. 
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 between the highest and the lowest bracket seem moderate.
33

 Third, 95 percent of 

weighted conversion factors fall between 0.69 and 0.83 and although they vary across 

countries, the variation is mild, with the country average ranging from 0.70 (Canada) to 

0.84 (Chile).
34

 
35

 
36

 

 Calculating weighted labor-cost conversion factors reduces the number of conversion 

factors from 23 to 11 for each country. An application becomes straightforward: 

practitioners could group labor expenditures according to the applicable income brackets 

and multiply these expenditures, (1 + 𝑠)𝑤𝑖𝑑𝐿𝑖
𝑔

, by the conversion factor, 𝐶𝐹𝑖, to arrive at 

the economic cost of using employees from this income bracket. 

 In principle, things can be shortened further. For instance, one could sort the 11 types of 

labor represented by the income brackets into three sets (e.g., low, median, and high) and 

calculate an average weighted conversion factor for each set. In fact, for a quick 

pre-appraisal, one could average across all income brackets and apply this average (last 

column in Table 4) to the project´s aggregate labor expenditure, ∑ (1 + 𝑠)𝑤𝑖𝑑𝐿𝑖
𝑔

𝑖 . 

5.2 Value transfer 

 The labor-cost conversion factors estimated in this paper must be adapted when they are 

applied in a context that does not match the structure of the model presented in Section 3. 

Three adjustments, in particular, merit attention. 

 First, our conversion factors go with a market wage defined as (1 + 𝑠)𝑤𝑖, that is, the 

gross wage including firms´ contribution to social security; with this definition, the 

shadow wage for, say, labor withdrawn from private firms is 𝑆𝑊𝑖
𝑓
= 𝐶𝐹𝑖

𝑓
(1 + 𝑠)𝑤𝑖. 

However, the market wage might as well be defined as 𝑤𝑖 and, likewise, expenditure on 
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 The differences are not as pronounced as for both the ‘intensive’ and ‘extensive’ margin 

conversion factors; this is a matter of arithmetic: Eq. (31) rests on two factors (𝐶𝐹𝑖
𝐼 and 𝐶𝐹𝑖

𝐸) 

smaller than one and one factor (𝐶𝐹𝑖
𝑓
) larger than one, and with 0.45 ≤ 𝛽 ≤ 54, the impact 

of each set of factors on weighted conversion factors is roughly equal. 
34

 Note that the cross-country variation is lower than for both the ‘intensive’ and ‘extensive’ 

factors. This reflects a negative correlation between, on the hand, ‘intensive’ and ‘extensive’ 

factors (Tables 1 and 2) and, on the other hand, ‘labor-demand’ conversion factors (Table 3). 

That is, low ‘intensive’ and ‘extensive’ factors coincide with high ‘labor-demand’ factors, and 

vice versa, compressing the range of weighted conversion factors. As the ‘intensive’ and 

‘extensive’ factors, respectively, are inversely related to marginal effective and participation 

tax rates on income, this brings to the fore that countries with high income tax rates tend to 

have high consumption tax rates, too, and vice versa (recall that the ‘demand’ conversion 

factor equals 1 plus the consumption tax rate, see Eq. (25.3)). 
35

 Annex Table D.5 shows results for a single earner: the sample average is 0.75, the 95-percent 

interval ranges from 0.58 and 0.96, and the country average varies from 0.60 (Denmark) to 

0.97 (Chile). 
36

 With wage-sensitive government demand for labor (see footnote 32), the country average 

ranges from 0.74 (Canada) to 0.86 (Chile and Greece). 



32 
 

labor might be defined as 𝑤𝑖𝑑𝐿𝑖
𝑔

 rather than (1 + 𝑠)𝑤𝑖𝑑𝐿𝑖
𝑔

. In this case, our conversion 

factors must be multiplied by (1 + 𝑠) to arrive at the correct shadow wage. 

 Second, in the model of Section 3, the change in society´s welfare 𝑑𝑊 𝜆⁄  is expressed in 

consumer prices, �̅�, with �̅� = (1 + 𝑐)𝑝. Eq. (20) reveals this most clearly. Hence, our 

conversion factors fit a context where costs and benefits are expressed in consumer prices. 

The rationale for using consumer prices is that society´s welfare rests on individuals´ 

utility – and individuals choose on the basis of prices that include consumption taxes. In 

this context, it is worth pointing out that the benefits of an increase in public goods, which 

is the project, are typically gauged with stated preference methods; such methods try to 

assess individuals´ willingness to pay for the public good. In Eq. (20),          

∑ ((𝜕𝑉𝑖 𝜕𝑧⁄ )/𝜆)𝑖 𝑑𝑧 > 0 captures these benefits, with ((𝜕𝑉𝑖 𝜕𝑧⁄ )/𝜆)𝑑𝑧 representing 

group 𝑖´s willingness to pay for 𝑑𝑧. But when individuals state their willingness to pay in 

a world with consumption taxes, it is reasonable to posit that statements are made relative 

to the prices individuals pay for private goods. As a result, the term (𝜕𝑉𝑖 𝜕𝑧⁄ )/𝜆 reflects 

consumer prices and it is bound to be lower in the absence of consumption taxes. 

 That said, it is straightforward to transpose the conversion factors presented up to here 

into factors that reflect producer prices. To begin with, divide by 1 + 𝑐 the cost-benefit 

rule (20), that is, 𝑑𝑊 𝜆⁄ . Of course, this does not change the verdict on a project because 

if 𝑑𝑊 𝜆 ⋛ 0⁄ , (𝑑𝑊 𝜆⁄ ) (1 + 𝑐)⁄ ⋛ 0. And then, dividing by 1 + 𝑐 the project´s 

labor-market welfare effects – that is, 𝛺 (see Eq. (20), (24), and (26)) – scales down 

shadow wages and labor-cost conversion factors as defined up to here. Specifically, we 

get: 

 (25.1)*   𝑆𝑊𝑖
𝐼∗ = 𝐶𝐹𝑖

𝐼∗(1 + 𝑠)𝑤𝑖, with 𝐶𝐹𝑖
𝐼∗ = (1 − 𝑡𝑚𝑖) [(1 + 𝑐)(1 + 𝑠)] < 1⁄  

 (25.2)*   𝑆𝑊𝑖
𝐸∗ = 𝐶𝐹𝑖

𝐸∗(1 + 𝑠)𝑤𝑖, with 𝐶𝐹𝑖
𝐸∗ = (1 − 𝑡𝑝𝑖) [(1 + 𝑐)(1 + 𝑠)] < 1⁄  

 (25.3)*   𝑆𝑊𝑖
𝑓∗
= 𝐶𝐹𝑖

𝑓∗(1 + 𝑠)𝑤𝑖, with 𝐶𝐹𝑖
𝑓∗
= 1 

 (31)*     𝐶𝐹𝑖
∗ = 𝛽𝑖[𝛼𝑖𝐶𝐹𝑖

𝐼∗ + (1 − 𝛼𝑖)𝐶𝐹𝑖
𝐸∗] + (1 − 𝛽𝑖). 

 Whether a cost-benefit analysis is carried out in consumer or producer prices is a matter 

of convenience, reflecting the nature of the project. As argued above, when estimated 

project benefits reflect consumer prices, it seems natural to conduct the analyses in 

consumer prices and use conversion factors as set out in (25.1)–(25.3) or (31). By 

contrast, for a project that delivers marketed goods, project revenue and non-labor cost are 
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often expressed excluding consumption taxes. A consistent approach to shadow pricing 

labor would then require conversion factors as shown in (25.1)*–(25.3)* or (31)*.
37

 

 Third, in cost-benefit analyses one can choose between expressing all values in terms of a 

domestic-price numeraire or, alternatively, a world-price numeraire – with the difference 

between both due to international trade distortions that drive a wedge between domestic 

and world market prices (UNIDO (1972) and Little and Mirrlees (1974)). Our 

shadow-wage estimates rest on a closed-economy model and, thus, fit a domestic-price 

numeraire. However, a simple and often-applied way to make them compatible with a 

world-price numeraire is to multiply these estimates with the standard conversion factor 

(𝑆𝐶𝐹), defined as the average ratio of world market prices to domestic prices (see, for 

instance, Weiss and Potts (2012)). With trade distortions, 𝑆𝐶𝐹 < 1; thus, to make our 

shadow-wage estimates and labor-cost conversion factors consistent with a world-price 

numeraire, they need to be scaled down (together with the economic values of other 

non-traded items). If international trade distortions are believed to be small (𝑆𝐶𝐹 ≅ 1), 

the difference between a domestic-price analysis and a world-price analysis is negligible. 

In any event, if the scaling is consistently applied to all non-traded items, a ‘world-price’ 

cost-benefit analysis comes to the same project decision as a ‘domestic-price’ analysis, 

regardless of the degree of trade distortions. 

6. Extensions 

 The approach of this paper is straightforwardly neoclassical: we posit a perfectly 

competitive economy and develop a flexible-price model with utility maximizing 

individuals and profit maximizing firms. A corollary of this approach is an unambiguous 

link between market wages and observable parameters of a country´s fiscal regime, on the 

one hand, and shadow wages on the other hand (see Eq. (25.)). This link determines the 

shadow-wage estimates that lead to the labor-cost conversion factors presented in 

Sections 4 and 5. 

 Admittedly, our approach is simple, but from an empirical and practical perspective, there 

is merit in not incorporating too many distortions in one shadow-wage formulae. 

Although true, it is worthwhile to mull over two related questions: to what extent do our 

results hold in a world that is imperfectly rather than perfectly competitive and what 

features need to enter a model for estimating shadow wages under imperfect competition? 

 For a start, consider downward rigidity of wages – perhaps the most manifest feature of 

imperfectly competitive labor markets. It results in involuntary unemployment: not 

everybody wanting a job at the going wage gets one. Even without modeling involuntary 

unemployment, our results offer an idea as to the relevant shadow wage. By definition, it 
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 Annex Tables E.1 to E.3 show the labor-cost conversion factors in producer prices for an 

earner of a household that consists of a married couple, both earning income, and two 

children. 
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is the participation tax rate that matters when people move out of (or into) involuntary 

unemployment. Thus, the labor-cost conversion factors for an extensive-margin response 

– which tend to be lower than those for an intensive-margin response – could be taken as 

a proxy for the shadow wage of the involuntary unemployed. 

 To arrive at something better than a proxy, involuntary unemployment needs to be 

modelled explicitly. Following Deaton and Muellbauer (1980), the simplest approach is to 

posit that all individuals cannot work as many hours as they want instead of 

hypothesizing, more realistically, that some individuals are involuntarily unemployed 

(while others are employed). To account for this, one could introduce an hours-of-work 

constraint, ℎ𝑖 ≤ ℎ̅𝑖, in individuals´ optimization problem of Section 3.1. Focusing on 

labor-supply decisions at the intensive margin, optimality condition (4) becomes: 

𝑀𝑉𝐿𝑖 + 𝜇𝑖 𝜆𝑖⁄  = (1 − 𝑡𝑚𝑖)𝑤𝑖 (for a similar statement see Johansson and Kriström 

(2016)). In this equation, 𝜇𝑖 ≥ 0 is the Lagrange multiplier associated with the 

hours-of-work constraint; it measures – in utility terms – the value of relaxing the 

constraint, that is, of reducing involuntary unemployment. Dividing 𝜇𝑖 by 𝜆𝑖, the marginal 

utility of income, measures – in monetary terms – the benefit of reducing involuntary 

unemployment. It is important to note, however, that the marginal value of leisure (𝑀𝑉𝐿𝑖) 

continues to measure the cost of labor to individuals and society. Hence, as 𝜇𝑖 𝜆𝑖⁄ > 0 if 

the constraint binds (𝜇𝑖 > 0), the net wage, (1 − 𝑡𝑚𝑖)𝑤𝑖, overstates the economic cost of 

labor, implying that the correct shadow wage is smaller than (1 − 𝑡𝑚𝑖)𝑤𝑖. Thus, the 

labor-cost conversion factors estimated in Sections 4 and 5 would be upper bounds for the 

economic cost of labor that the project, directly or indirectly, draws out of involuntarily 

unemployment. Based on this simple modification of our model, estimating labor-cost 

conversion factors when there is involuntary unemployment involves estimating 𝜇𝑖 𝜆𝑖⁄  

which, in turn, requires some idea about the benefit to those individuals for whom the 

project, directly or indirectly, relaxes the constraint.
38
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 Things get more complex in a dual-labor market framework, comprising a labor market with 

involuntary unemployment alongside a market that clears, with migration between both 

markets. In these circumstances, one might think that in the market with involuntary 

unemployment the shadow wage is lower than the market wage. Yet, this is not necessarily so. 

To see why, imagine a dual economy as in Layard et al. (1994), comprising a high-wage labor 

market and a low-wage labor market, with a fixed aggregate supply of labor. Suppose the 

former does not clear because of wage rigidity (resulting in involuntary unemployment), but 

assume the latter does. Abstract, for simplicity, from tax distortions and consider a 

government project that offers additional high-wage jobs. This project effectively draws into 

the high-wage market workers from the low-wage market. Whether the low wage or the high 

wage (or a combination of both) represents the shadow wage depends on the migration 

process from the low-wage market to the high-wage market. To illustrate, the low wage is the 

shadow wage if one worker migrates per job created in the high-wage market. By contrast, the 

high wage is the shadow wage if – in a Harris/Todaro (1970) fashion – more than one worker 

migrates per job created. For details see Dinwiddy and Teal (1996), for instance. 
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 Instead of accounting for involuntary unemployment simply by introducing 

an hours-of-work constraint, one could adopt a more versatile approach, borrowing from 

the macroeconomics literature that models an economy´s supply side by explicitly 

considering imperfect competition in both labor and product markets (see Carlin and 

Soskice (2016), for instance). 

 To start with labor markets, assume workers, or rather their unions, have market power 

and successfully bargain for a wage above the utility cost of supplying labor (𝑀𝑉𝐿𝑖). A 

version of (4) accounting for this could be 𝑀𝑉𝐿𝑖(1 + 𝛾) = (1 − 𝑡𝑚𝑖)𝑤𝑖, with 𝛾 > 0 

representing a union mark-up over utility cost. Interpreting 𝛾 in this way suggests that 

(1 − 𝑡𝑚𝑖)𝑤𝑖 overstates the economic value of labor associated with a change in labor 

supply. This is because 𝛾 represents a transfer to workers from firms, but not cost of using 

real resources.
39

 For comparison, union bargaining power does not seem to affect our 

estimate of the shadow wage of labor withdrawn from other employment, which is 

(1 + 𝑐)(1 + 𝑠)𝑤𝑖. 

 Alternatively, consider 𝑀𝑉𝐿𝑖(1 + 𝛾∗) = (1 − 𝑡𝑚𝑖)𝑤𝑖 as a modification of (4), with 

𝛾∗ > 0 standing for a mark-up that firms grant on top of the net wage individuals demand. 

The rationale for a firm to offer more than 𝑀𝑉𝐿𝑖 rests on the efficiency wage argument 

(Shapiro and Stiglitz (1984)): paying a premium motivates employees to perform well 

and, ultimately, reduces the firm´s cost of monitoring employees and recruiting 

employees to replace those who would leave the firm in the absence of a premium. 

Interpreting 𝛾∗ in this way suggests that (1 − 𝑡𝑚𝑖)𝑤𝑖 continues to measure the economic 

value of labor because 𝛾∗ represents resource cost rather than transfers from firms to 

employees. As in the case of union bargaining power, setting of efficiency wages by firms 

does not seem to affect our estimate of the shadow wage of labor withdrawn from other 

employment, (1 + 𝑐)(1 + 𝑠)𝑤𝑖. 

 Turning to product markets, one symptom of imperfect competition is pricing above 

marginal cost, with the price mark-up the higher, the lower the degree of competition. The 

profit maximizing condition (14) then becomes 𝑝(𝜕𝑥𝑆 𝜕𝐿𝑖
𝑓

⁄ )/(1 + 𝛾) = (1 + 𝑠)𝑤𝑖, with 

𝛾 > 0 denoting the mark-up of prices over marginal cost.
40

 In essence, firms´ pricing 

power makes the market wage, (1 + 𝑠)𝑤𝑖, lower than 𝑝(𝜕𝑥𝑆 𝜕𝐿𝑖
𝑓

⁄ ), with the difference 
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 For completeness, two remarks are due. First, if distributional concerns enter the cost-benefit 

analysis – contrary to what we have assumed – 𝛾 affects the social cost of labor. Second, the 

model of Section 3 is inapt for explicitly modelling unions´ attempt at pushing for higher 

wages because what individuals would gain as workers, they would lose as owners of firms. 
40

  For a very simple model of imperfect competition in product markets the mark-up (𝛾 > 0) is 

inversely related to the price elasticity of demand for the output of firms. In fact, 𝛾 = 0 if 

demand is completely price elastic and, thus, firms are price takers. With the production 

function of this paper, marginal cost are (1 + 𝑠)𝑤𝑖 (𝜕𝑥𝑆 𝜕𝐿𝑖
𝑓

⁄ )⁄ ; thus, the link between prices, 

marginal cost, and mark-up is 𝑝 = (1 + 𝛾)[(1 + 𝑠)𝑤𝑖 (𝜕𝑥𝑆 𝜕𝐿𝑖
𝑓

⁄ )⁄ ]. 
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accruing to firms as additional profits. In cost-benefit analyses, these profits constitute 

transfers from workers to firms that should not enter the decision rule (unless equity is a 

concern); thus, 𝑝(𝜕𝑥𝑆 𝜕𝐿𝑖
𝑓

⁄ ) continues to be – in producer prices – the economic value of 

labor withdrawn from (or added to) the production of private goods. It follows that 

shadow-wage estimates based on (1 + 𝑠)𝑤𝑖 – or (1 + 𝑐)(1 + 𝑠)𝑤𝑖 in consumer prices – 

understate the economic value of labor. For completeness we note that price-setting firms 

do not seem to affect our estimate of the shadow wage of labor sourced from an increase 

in labor supply, that is, (1 − 𝑡𝑚𝑖)𝑤𝑖. 

 All in all, while our shadow-wage estimates are not directly transferable to the case of an 

imperfectly competitive economy, it is a priori unclear whether they over – or understate 

shadow wages in such an economy. This is most obvious when there are both 

wage-setting unions and price-setting firms. In these circumstances, our estimates might 

overstate the shadow wage of labor sourced from unemployment and, at the same time, 

understate the shadow wage of labor withdrawn from other employment. It follows that 

the weighted labor-cost conversion factors presented in Section 5.1 leave out forces that 

are countervailing to begin with. Against this background, we consider our estimates 

informative for applied project and policy appraisal even when the assumptions of perfect 

competition do not hold. 

7. Conclusions 

 Projects and policies affect labor demand and supply, with supply effects coming in two 

forms: changes in the number of hours employees work (intensive-margin response) and 

of people participating in the labor market (extensive-margin response). Using a general 

equilibrium framework, we estimate shadow wages for labor demand and both supply 

responses. What is more, cognizant of heterogeneity in the labor force, our estimates are 

for people in different income brackets. Taking up the structure of the second-last 

paragraph in Section 1, our main results can be condensed as follows. 

(i) Labor-cost conversion factors for labor demand (Table 3) are equal to one plus the 

consumption tax – the latter expressed as a fraction of 1. The average across all 

countries in our sample is 1.19. Conversion factors larger than one and, by extension, 

shadow wages higher than market wages are more conventional than they appear at 

first sight – an issue explained in Section 5. 

(ii) For an intensive-margin labor-supply response, conversion factors average 0.55 over 

the complete sample of all 33 countries and 11 income brackets, and 95 percent of all 

estimates range from 0.34 to 0.81. Thus, in our sample, 95 percent of the shadow 

wages range from 34 percent to 81 percent of the market wage. For an 

extensive-margin response, we find a sample average of 0.27, with 95 percent of all 

estimates ranging from 0.15 to 0.42. 
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(iii) Conversion factors for labor supply are low for high-tax countries – and vice versa. 

Results for Belgium and Chile exemplify cross-country variations: for Belgium and 

Chile, respectively, the average of ´intensive-margin´ factors is 0.35 and 0.80 

(Table 1) and the average of ´extensive-margin´ factors is 0.19 and 0.36 (Table 2). 

(iv) Conversion factors for labor supply are determined by the progressivity – or lack 

thereof – of countries´ tax-transfer systems. Progressivity is obvious in the case of 

´extensive-margin´ factors (Table 2); averaging – for illustrative purposes – over all 

countries, they rise from 0.18 to 0.34 over the span of income brackets considered in 

this paper. 

(v) To offer a shortcut for applied project analyses, we draw on labor demand and supply 

elasticities from the empirical labor-market literature. We use these elasticities to 

define a representative impact of projects on labor demand and supply. We then 

calculate – for each country and income bracket – a weighted labor-cost conversion 

factor that aggregates the factors for the labor-demand response and both 

labor-supply responses. For each country this results in one weighted labor-cost 

conversion factor for each of the 11 income brackets (Table 4). The sample average 

is 0.76, and 95 percent of our estimates range from 0.69 to 0.83, implying shadow 

wages equivalent to 69–83 percent of market wages. 

 To conclude, distortions solely arising from a country´s fiscal regime drive a considerable 

gap between market and shadow wages – notably for labor supply at the extensive 

margin. Taking this into account strengthens the economic viability of projects and 

policies believed to trigger large extensive-margin labor-supply responses. An advantage 

of our estimates is that they are easy to update – as and when necessary. What is more, it 

is straightforward to apply our approach to estimating shadow wages for individuals other 

than those considered in this paper (that is, an earner of a two-earner married couple with 

two children and, alternatively, a single earner without children). Finally, while we get to 

our results under the assumption of perfect competition (with taxation being the only 

distortion), we argue in Section 6 that our estimates are useful for applied project and 

policy appraisals in real-world economies, that is, imperfectly competitive ones. 
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ANNEX A 

1. Utility maximization conditional on working (ℎ > 0 ⇒ 𝛩 = 1) 

 (1) and (2) lead to the Lagrangian  

 (A1)   𝑍 = 𝑢𝑖(𝑥𝑖, �̅� − ℎ𝑖 , 𝑧) + 𝜆𝑖(𝜋𝑖 + 𝜓𝑖 − 𝜑𝑖 + 𝑤𝑖ℎ𝑖  − 𝑇(𝑤𝑖ℎ𝑖) − 𝑅− �̅�𝑥𝑖), 

 with 𝑅 ∈ [𝑅, �̅�]. Partially differentiating 𝑍 with respect to 𝑥𝑖, ℎ𝑖, and 𝜆𝑖 and setting these 

derivatives to zero deliver the first-order conditions for a utility maximum. For an interior 

solution and consumption-leisure choices on linear segments of the budget constraint, 

these conditions are: 

 (A2.1)  
𝜕𝑢𝑖

𝜕𝑥𝑖
/�̅�       =   𝜆𝑖   

 (A2.2)  
𝜕𝑢𝑖

𝜕𝐿𝑖
/𝜆𝑖  =  𝑤𝑖(1 − 𝑡𝑚𝑖),     with  𝑡𝑚𝑖 = 𝜕𝑇 𝜕(𝑤𝑖ℎ𝑖)⁄ > 0. 

 (A2.3)  𝜋𝑖 + 𝜓𝑖 − 𝜑𝑖 + 𝑤𝑖ℎ𝑖  − 𝑇(𝑤𝑖ℎ𝑖) − 𝑅− �̅�𝑥𝑖 = 0 

 (A2.2) is condition (4) of the main text. It might be useful to recall that 𝑥𝑖 is a vector of 

goods consumed by an individual of group 𝑖. Consider good 𝑘. A more precise 

formulation of (A2.1) is (𝜕𝑢𝑖𝑘 𝜕𝑥𝑖𝑘⁄ ) �̅�𝑘 = 𝜆𝑖   ∀𝑘⁄ , 𝑖. That is, when the structure of 

consumption is optimal, the marginal utility of each good scaled by its price is equal to 

the marginal utility of income. To keep the notation simple, we generally omit the index 

𝑘, but show it when useful. 

2. Condition for labor market participation 

 The condition for participating in the labor market can be derived from comparing the 

utility when working with the utility when not working. If the former is larger than the 

latter, a utility-maximizing individual participates. Equivalently, participation – which 

implies ∆𝑥𝑖 > 0 and ∆𝐿𝑖 = −∆ℎ𝑖 < 0 – makes sense if the (1) increase in utility 

associated with a rise in consumption that results from participation is at least as high as 

the (2) decline in utility following from forgoing leisure. Denoting (1) by (∆𝑢𝑖 ∆𝑥𝑖⁄ )∆𝑥𝑖 

and (2) by −(∆𝑢𝑖 ∆𝐿𝑖⁄ )∆𝐿𝑖, this condition can be written as: 

 

 (A5)  
∆𝑢𝑖

∆𝑥𝑖
 ∆𝑥𝑖  ≥ − 

∆𝑢𝑖

∆𝐿𝑖
 ∆𝐿𝑖 

 

 Note that ∆𝑥𝑖 > 0 combines two effects: a drop in consumption due to fixed participation 

cost and an increase in consumption that labor income makes possible. Obviously, the 
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latter must more than offset the former (if not, there would be nothing to make good for 

the utility of leisure forgone). Note, too, that as we allow for more than one good, a 

precise formulation of the lhs side of (A5) is ∑ (𝛥𝑢𝑖𝑘 𝛥𝑥𝑖𝑘⁄ )𝑘 ∆𝑥𝑖𝑘. Accounting for this in 

(A5) leads to. 

 (A6)  ∑
∆𝑢𝑖𝑘
∆𝑥𝑖𝑘

𝑘 ∆𝑥𝑖𝑘 ≥ − 
∆𝑢𝑖

∆𝐿𝑖
 ∆𝐿𝑖 

 This can be transformed into the subsequent condition for a utility-increasing 

labor-participation decision: 

 (A7)  
∆𝑢𝑖

∆𝐿𝑖
/𝛬𝑖   ≤

1

ℎ𝑖
∑ �̅�𝑘∆𝑥𝑖𝑘𝑘  

 In arriving at (A7), we made use of the following. First, for a situation where individuals 

switch from non-participation to participation, ∆𝐿𝑖 = −∆ℎ𝑖 = −ℎ𝑖. Second, individuals 

strive for an optimal structure of consumption, requiring that the utility of the last unit of 

money spent must be the same for all goods; that is, (∆𝑢𝑖𝑘 ∆𝑥𝑖𝑘⁄ )/�̅�𝑘  = 𝛬𝑖  ∀𝑘, with 𝛬𝑖 

standing for the utility of the last unit of money spent. This requirement is akin to 

optimality condition (A2.1), bringing to the fore that utility-maximizing individuals 

choose an optimal structure of consumption regardless of whether or not they participate 

in the labor market. 

 The term (∆𝑢𝑖 ∆𝐿𝑖⁄ ) 𝛬𝑖⁄  is a monetary measure of the forgone value of leisure, 𝐹𝑉𝐿𝑖, 

associated with a non-marginal drop in leisure when joining the labor market. To see this, 

note that the dimension of ∆𝑢𝑖 ∆𝐿𝑖⁄  is utils per unit of time while the dimension of 𝛬𝑖 is 

utils per unit of money; dividing the former by the latter results in an expression with the 

dimension money per unit of time. In essence, (∆𝑢𝑖 ∆𝐿𝑖⁄ ) 𝛬𝑖⁄  is the non-marginal 

counterpart of the lhs of condition (A2.2). 

 The sum on the rhs of (A7) represents the change in expenditure associated with a 

decision to join the labor force. If individuals spend all their income and take prices as 

given, this change (that is, ∑ �̅�
𝑘
∆𝑥𝑖𝑘𝑘 ) is equal to the difference between the budget 

constraint when individuals participate and the budget constraint when they don´t. Using 

Eq. (2) of the main text, we get:  

 (A8)  ∑ �̅�
𝑘
∆𝑥𝑖𝑘𝑘 = [𝑤𝑖ℎ𝑖 − (𝑇(𝑤𝑖ℎ𝑖) − 𝑇(0))] − 𝑅 

 The terms in the square bracket reflect the additional expenditure made possible by 

working, which is equal to the net income from working, comprising gross wage income, 
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𝑤𝑖ℎ𝑖, and the change in taxes and transfers associated with taking up work, 𝑇(𝑤𝑖ℎ𝑖) −

𝑇(0). The last term, 𝑅, reflects the expenditure forgone due to the cost of participation. 

 Plugging (A8) into (A7) and substituting 𝐹𝑉𝐿𝑖 for (∆𝑢𝑖 ∆𝐿𝑖⁄ ) 𝛬𝑖⁄  yields 

 (A9)  𝐹𝑉𝐿𝑖 +
𝑅

ℎ𝑖
≤ 𝑤𝑖(1 − 𝑡𝑝𝑖), 

 which is inequality (6) of the main text. 𝑡𝑝𝑖 = [𝑇(𝑤𝑖ℎ𝑖) − 𝑇(0)] 𝑤𝑖ℎ𝑖⁄  stands for the 

participation tax rate, defined as the difference between taxes and transfers when working, 

𝑇(𝑤𝑖ℎ𝑖), and transfers when not working, 𝑇(0) < 0, as a fraction of labor income, 𝑤𝑖ℎ𝑖. 

The economic interpretation of (A9) is straightforward: participation in the labor market 

increases utility of an individual if her net labor income per unit of time, the rhs of (A9), 

is at least as high as the sum of the forgone value of leisure, 𝐹𝑉𝐿𝑖, and fixed participation 

cost per unit of time, 𝑅 ℎ𝑖⁄ . 

3. A graphical illustration 

 Figure 1 offers a stylized presentation of a typical OECD tax-transfer system. To avoid 

clutter, we suppress reference to an individual of group 𝑖. 𝑇𝑠(𝑤ℎ) pictures taxes on wage 

income (including employees´ contributions to social security systems), with a zero 

statutory tax rate for an income below 𝑤ℎ1 and a progressive tax rate thereafter. 𝐵(𝑤ℎ) 

represents social transfers: individuals without formal employment (𝑤ℎ = 0) receive 

social transfers 𝑆; once gross wage income exceeds 𝑤ℎ0, transfers are progressively 

withdrawn up to a minimum 𝑀 that even high-income individuals enjoy; child allowances 

is an example of transfers handed out regardless of income. The tax-transfer function 

𝑇(𝑤ℎ) aggregates 𝑇𝑠(𝑤ℎ) and 𝐵(𝑤ℎ); as the figure illustrates, the effective marginal tax 

rate, 𝜕𝑇 𝜕(𝑤ℎ)⁄ = 𝑡𝑚, can be high for low-income individuals (between  𝑤ℎ1 and 𝑤ℎ3) 

due to an accelerated transfer withdrawal coming on top of a rising statutory tax rate; the 

slope of 𝑇(𝑤ℎ) pictures the effective marginal tax rate 𝑡𝑚; by contrast, the participation 

tax rate, 𝑡𝑝, is given by the slope of a straight line from −𝑆 to a point on 𝑇(𝑤ℎ). 

Individuals´ take-home pay is 𝑤ℎ − 𝑇𝑠(𝑤ℎ) and their net income (which equals 

take-home pay after accounting for social transfers) is 𝑤ℎ − 𝑇(𝑤ℎ). 

 Figure 2 illustrates individuals´ labor participation decision (labor supply at the extensive 

margin) and hours-of-work decision (labor supply at the intensive margin).
41

 The line 

connecting points 𝑦, 𝑦 − 𝑅𝐻, and 𝐴 is a stylized presentation of the budget constraint for 

the case of one good 𝑥; 𝑦 = 𝜋 + 𝜓 − 𝜑 − 𝑇(0) is non-labor income (including social 

transfers when not working, 𝑇(0) < 0); and 𝑅𝐻 pictures the case of relatively high fixed 

cost of working (the case of low fixed cost, 𝑅𝐿, will be discussed below); the underlying 
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  See Cogan (1981) and Creedy (2003), for instance, for a similar presentation. 
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tax-transfer system is that of Figure 1; the gross wage is 𝑤∗; the price of 𝑥 is normalized 

to one. 

  

 To explore the budget constraint, note first that if an individual allocates all of her time to 

leisure (𝐿 = �̅�), her consumption is given by length �̅�𝑦, with consumption made possible 

by non-labor income 𝑦. An individual who starts working (𝐿 < �̅�) – even if the time 

worked is virtually zero – incurs fixed cost of working 𝑅𝐻 and, hence, her consumption 

possibilities drop to 𝑦 − 𝑅𝐻. The individual can increase her consumption possibilities 

along the line connecting points 𝑦 − 𝑅𝐻 and 𝐴 by successively giving up leisure. The 

slope of this line is (1 − 𝑡𝑚)𝑤
∗. To the left of 𝐿0, 𝑡𝑚 > 0 and, thus, the budget line is 

flatter than the straight line picturing the gross wage 𝑤∗. This implies that consumption 

possibilities rise less than proportionally to an increase in hours worked. 

 As to the labor-supply decision at the intensive margin, assume that an individual´s 

preferences are given by utility function 𝑈1 and her participation cost are 𝑅𝐻. The 

individual participates in the labor market and her consumption-leisure choice is 𝑄, a 

situation that meets conditions (A2.1) and (A2.2). An increase in the gross wage would 

swivel the budget line upward around point 𝑦 − 𝑅𝐻, allowing the individual to attain a 

higher level of utility. For a marginal wage increase, the household would increase its 

hours of work a little bit (the new optimum would be slightly to the left of 𝑄) if the 

substitution effect of a higher wage dominates its income effect. 

 Turning to the labor-supply decision at the extensive margin, assume – alternatively – that 

an individual´s preferences are given by utility function 𝑈2. At a gross wage 𝑤∗, the 

individual is indifferent between working and not working since she attains the same level 

of utility, 𝑈𝐻
2 , in both situations. If she participates in the labor market, her mix of 

consumption and leisure is given by 𝐺; if she doesn´t, she enjoys the maximum amount of 

leisure, �̅�, and consumes 𝑦. Consider non-participation as the point of departure and 

imagine a slight increase in the gross wage, swiveling the budget line upward around 
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point 𝑦 − 𝑅𝐻. The individual can, then, attain a level of utility marginally higher than  𝑈𝐻
2  

by moving from the consumption-leisure mix 𝑦, �̅� to a mix marginally above (and to the 

left of) 𝐺.
42

 Note that while both the wage and utility increase are marginal, the change in 

the consumption-leisure choice is not. Figuratively speaking, the decline in leisure (and 

labor supply) is given by ℎ = �̅� − 𝐿∗ and the increase in consumption is given by the 

vertical difference between a point just marginally above 𝐺, on the one hand, and 𝑦 on the 

other hand. 

 As explained in Section 3.1, we assume preferences such that individuals in a given group 

who participate in the labor market supply the same number of hours, that is, we posit that 

non-labor income has a zero income effect on the hours of work of participating 

individuals. Figure 2 illustrates this assumption. Consider again an individual with 

preferences 𝑈2, but assume participation cost of 𝑅𝐿 in lieu of 𝑅𝐻, with 𝑅𝐿 < 𝑅𝐻. As 

Figure 2 shows, this individual obviously attains a higher level of utility (𝑈𝐿
2) than an 

identical individual with cost 𝑅𝐻. More importantly, note that the indifference curves for 

utility function 𝑈2 are parallel, which is a graphical representation of a utility function 

that is linear in the consumption of 𝑥. Hence, individuals with identical skills and 

preferences who participate in the labor market (that is, all individuals with participation 

cost lower than 𝑅𝐻) supply the same number of hours, ℎ = �̅� − 𝐿∗ in Figure 2. In sum, the 

level of participation cost, which reduces non-labor income when working, determines 

whether or not individuals participate, but not – if they do participate – how many hours 

they work. An implication of the zero-income-effect assumption is that individuals´ 

hours-of-work response to an increase in wages is unambiguously positive. 
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  For an individual who switches from non-participation with no wage income to labor market 

participation, the wage increase cannot have an income effect. Thus, the consumption-leisure 

mix must be to the left of 𝐺. 
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ANNEX B 

 It takes four broad steps to go from (19) to (20). 

 Step 1 starts with invoking the ‘envelope theorem’:
43

 

 (B1) 
𝜕𝑉𝑖

𝜕�̅�
    = −𝜆𝑖𝑥

𝑖, 
𝜕𝑉𝑖

𝜕�̃�𝑖
    = 𝜆𝑖𝐿𝑖

𝑆, 
44

 
𝜕𝑉𝑖

𝜕𝑌𝑖
    = 𝜆𝑖,  

 with 𝑥𝑖 and 𝐿𝑖
𝑆, respectively, representing group 𝑖´s demand for goods and supply of 

labor. Next we use (B1), 𝑑�̅� = (1 + 𝑐)𝑑𝑝, and 𝑑�̃�𝑖 = (1 − 𝑡𝑖)𝑑𝑤𝑖 in (19); in addition, 

we use 𝑑𝑌𝑖 = 𝑑𝛱𝑖 + 𝑑𝛹𝑖 − 𝑑𝛷𝑖, but hold individuals´ exogenous income constant 

(𝑑𝜓𝑖 = 0); bear in mind that 𝛱𝑖 = 𝑁𝑖𝜋𝑖, 𝛹𝑖 = 𝑁𝑖𝜓𝑖, and 𝛷𝑖 = ∑ 𝜑𝑖𝑗𝑗 ; and then, we 

account for the assumption of an optimal distribution of income (𝜆𝑖 = 𝜆). This leads to: 

 (B2) 
𝑑𝑊

𝜆
  = −(1 + 𝑐)∑ 𝑑𝑝 𝑥𝑖𝑖 +∑ (1 − 𝑡𝑖)𝑑𝑤𝑖𝑖 𝐿𝑖

𝑆 + ∑ (𝑑𝛱𝑖 − 𝑑𝛷𝑖)𝑖  + ∑
𝜕𝑉𝑖 𝜕𝑧⁄

𝜆𝑖 𝑑𝑧  

 Step 2 involves specifying ∑ 𝑑𝛱𝑖𝑖  and ∑ 𝑑𝛷𝑖𝑖 . The latter is known from (18). 

∑ 𝑑𝛱𝑖 =𝑖 𝑑𝛱 can be determined by, first, totally differentiating the profit function (12), 

second, plugging into that differential 𝑑𝑥𝑆 = ∑ (𝜕𝑥𝑆 𝜕⁄ 𝐿𝑖
𝑓
)𝑖 𝑑𝐿𝑖

𝑓
+ (𝜕𝑥𝑆 𝜕𝑧⁄ )𝑑𝑧 – which 

follows from production function (11), and, third, observing profit maximizing conditions 

(14). The result is: 

 (B3) 𝑑𝛱 = 𝑑𝑝 𝑥𝑆 − (1 + 𝑠)∑ 𝑑𝑤𝑖 𝐿𝑖
𝑓
+ 𝑝𝑖

𝜕𝑥𝑆

𝜕𝑧
𝑑𝑧 

 Using (B3) and (18) – that is, the term for ∑ 𝑑𝛷𝑖𝑖  – in (B2) leads to: 
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 For a concise presentation of the envelope theorem see, for instance, Takayama (1993). 
44

  Note that 𝜕𝑉𝑖/(𝜕�̃�𝑖) = 𝜆𝑖𝐿𝑖
𝑆 assumes that net wages, �̃�𝑖 = (1 − 𝑡𝑖)𝑤𝑖, do not depend on 𝐿𝑖

𝑆. 

This holds if 𝑡𝑖 does not depend on 𝐿𝑖
𝑆, which – in turn – is the case if we (i) restrict attention 

to linear segments of the budget constraint and (ii) assume that for the changes we consider 

(triggered by the project) the consumption-leisure choice remains on the same segment of the 

constraint and, thus, does not jump across discontinuities. 
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 (B4) 
𝑑𝑊

𝜆
=  ∑

𝜕𝑉𝑖 𝜕𝑧⁄

𝜆𝑖 𝑑𝑧 + 𝑝 
𝜕𝑥𝑆

𝜕𝑧
 𝑑𝑧 − (1 + 𝑐)∑ 𝑑𝑝 𝑥𝑖𝑖 + ∑ (1 − 𝑡𝑖)𝑑𝑤𝑖𝑖 𝐿𝑖

𝑆  

   +𝑑𝑝 𝑥𝑆 − (1 + 𝑠)∑ 𝑑𝑤𝑖𝐿𝑖
𝑓

𝑖  

   −[𝑝 𝑑𝑥𝑔 + (1 + 𝑠)∑ 𝑤𝑖𝑖 𝑑𝐿𝑖
𝑔
] − [𝑑𝑝 𝑥𝑔 + (1 + 𝑠)∑ 𝑑𝑤𝑖𝑖 𝐿𝑖

𝑔
] 

   + ∑ 𝑑𝑇𝑖𝑖  + 𝑐 (∑ 𝑑𝑝 𝑥𝑖 + ∑ 𝑝 𝑑𝑥𝑖𝑖 )𝑖 + 𝑠∑ (𝑑𝑤𝑖 𝐿𝑖
𝑆 + 𝑤𝑖 𝑑𝐿𝑖

𝑆)𝑖  

 To simplify (B4), we explore 𝑑𝑇𝑖 . Recall from (17) that revenue from wage income of 

group 𝑖 is  𝑇𝑖(𝑤𝑖𝐿𝑖
𝑆). The change in tax revenue can thus be written as 

 (B5) 𝑑𝑇𝑖 = 
𝜕𝑇𝑖

𝜕(𝑤𝑖𝐿𝑖
𝑆)

 (𝑑𝑤𝑖 𝐿𝑖
𝑆  + 𝑤𝑖 𝑑𝐿𝑖

𝑆). 

 Considering only linear segments of the budget constraint, the change in tax revenue in 

response to a change in wage income is constant. Thus, 𝜕𝑇𝑖 𝜕(𝑤𝑖𝐿𝑖
𝑆)⁄ = 𝑡𝑖. We use this in 

(B5) and, then,  𝑑𝑇𝑖 = 𝑡𝑖(𝑑𝑤𝑖 𝐿𝑖
𝑆  + 𝑤𝑖 𝑑𝐿𝑖

𝑆) in (B4). Finally, after rearranging, (B4) turns 

into: 

 (B6) 
𝑑𝑊

𝜆
=  ∑

𝜕𝑉𝑖 𝜕𝑧⁄

𝜆𝑖 𝑑𝑧 + 𝑝 
𝜕𝑥𝑆

𝜕𝑧
 𝑑𝑧  

   −[𝑝 𝑑𝑥𝑔 + (1 + 𝑠)∑ 𝑤𝑖𝑖 𝑑𝐿𝑖
𝑔
] 

   +𝑐 ∑ 𝑝 𝑑𝑥𝑖𝑖 + 𝑠∑ 𝑤𝑖 𝑑𝐿𝑖
𝑆 + ∑ 𝑡𝑖𝑤𝑖𝑑𝐿𝑖

𝑆
𝑖𝑖  

 In arriving at (B6), goods and labor markets are assumed to clear. As to goods markets, 

the equilibrium condition 𝑥𝑆 = 𝑥𝑔 + ∑ 𝑥𝑖𝑖  implies that terms involving changes in goods´ 

prices cancel out from the welfare measure. Likewise, terms involving changes in wages 

offset one another if labor markets clear, that is, if 𝐿𝑖
𝑆 = 𝐿𝑖

𝑔
+ 𝐿𝑖

𝑓
  ∀𝑖. Hence, with market 

clearing, general equilibrium price and wage effects have no impact on cost-benefit rules 

for an efficient allocation of resources – though they might have distributional effects. 

What is more, continuous market clearing implies 𝑑𝑥𝑆 = 𝑑𝑥𝑔 + ∑ 𝑑𝑥𝑖𝑖 , ∑ 𝑑𝑥𝑖𝑖 = 𝑑𝑥𝑆 −

𝑑𝑥𝑔, and ∑ 𝑝 𝑑𝑥𝑖𝑖 = 𝑝 𝑑𝑥𝑆 − 𝑝 𝑑𝑥𝑔. Using the latter in (B6) leads to: 
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 (B7) 
𝑑𝑊

𝜆
=  ∑

𝜕𝑉𝑖 𝜕𝑧⁄

𝜆𝑖  𝑑𝑧 +  𝑝 
𝜕𝑥𝑆

𝜕𝑧
 𝑑𝑧 

   −(1 + 𝑐)𝑝 𝑑𝑥𝑔  − (1 + 𝑠)∑ 𝑤𝑖𝑑𝐿𝑖
𝑔

𝑖 + 𝑠∑ 𝑤𝑖𝑑𝐿𝑖
𝑆

𝑖 + ∑ 𝑡𝑖𝑤𝑖𝑑𝐿𝑖
𝑆

𝑖  

   +𝑐𝑝 𝑑𝑥𝑆 

 Step 3 involves replacing the last line on the rhs of (B7) with an expression that shows 

the change in firms` demand for labor. More specifically, following the same reasoning as 

under Step 2, we arrive at 𝑑𝑥𝑆 = ((1 + 𝑠)∑ 𝑤𝑖𝑖 𝑑𝐿𝑖
𝑓
) 𝑝⁄ + (𝜕𝑥𝑆 𝜕𝑧⁄ )𝑑𝑧 and, thus, 

 (B8) 𝑐𝑝 𝑑𝑥𝑆 = 𝑐(1 + 𝑠)∑ 𝑤𝑖𝑖 𝑑𝐿𝑖
𝑓
+ 𝑐𝑝(𝜕𝑥𝑆 𝜕𝑧⁄ )𝑑𝑧. 

 Using this in (B7) and assuming continuous labor-market clearing (𝑑𝐿𝑖
𝑔
= 𝑑𝐿𝑖

𝑆 −

 𝑑𝐿𝑖
𝑓
   ∀𝑖) leads to: 

 (B9) 
𝑑𝑊

𝜆
=  ∑

𝜕𝑉𝑖 𝜕𝑧⁄

𝜆𝑖  𝑑𝑧 − (1 + 𝑐)𝑝 [𝑑𝑥𝑔 − 
𝜕𝑥𝑆

𝜕𝑧
𝑑𝑧] 

   −∑ (1 − 𝑡𝑖)𝑤𝑖𝑑𝐿𝑖
𝑆 + (1 + 𝑐)(1 + 𝑠)∑ 𝑤𝑖𝑖𝑖 𝑑𝐿𝑖

𝑓
 

 While (B9) lends itself to an economic interpretation, it is more suitable for our purposes 

to make a last modification.  

 Step 4 involves replacing 𝑑𝐿𝑖
𝑆 and 𝑑𝐿𝑖

𝑓
 with expressions that show the project´s use of 

labor, 𝑑𝐿𝑖
𝑔

. To this end, we use, first, 𝑑𝐿𝑖
𝑓
= −(1 − 𝛽𝑖)𝑑𝐿𝑖

𝑔
, with 𝛽𝑖 as defined in Eq. (22) 

of the main text; and, then, we use 𝛼𝑖 and 1 − 𝛼𝑖 as defined in Eq. (23) of the main text; 

finally, we replace 𝑑𝐿𝑖
𝑆 by 𝛽𝑖𝑑𝐿𝑖

𝑔
. All in all, this leads to: 

 (B10) 
𝑑𝑊

𝜆
=  ∑

𝜕𝑉𝑖 𝜕𝑧⁄

𝜆𝑖  𝑑𝑧 + (1 + 𝑐)𝑝 
𝜕𝑥𝑆

𝜕𝑧
𝑑𝑧  − (1 + 𝑐)𝑝𝑑𝑥𝑔 

   −∑ [(1 − 𝑡𝑚𝑖)𝑤𝑖][𝛽𝑖𝛼𝑖𝑑𝐿𝑖
𝑔
]𝑖  

   −∑ [(1 − 𝑡𝑝𝑖)𝑤𝑖][𝛽𝑖(1 − 𝛼𝑖)𝑑𝐿𝑖
𝑔
]𝑖  

   −∑ [(1 + 𝑐)(1 + 𝑠)𝑤𝑖][(1 − 𝛽𝑖)𝑑𝐿𝑖
𝑔
]𝑖  

 (B10) is Eq. (20) of the main text. Note that in arriving at (B10), we have replaced – as 

applicable – 𝑡𝑖 with either 𝑡𝑚𝑖 or 𝑡𝑝𝑖 (recall that 𝑡𝑖 is marginal tax rate on the labor income 
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of group 𝑖, 𝑡𝑚𝑖 is the effective marginal tax rate on individuals in group 𝑖 who work more, 

and 𝑡𝑝𝑖 is the participation tax rate, that is, the effective tax rate on the labor income of 

individuals who have joined the labor force). 

  



47 
 

Table C.1:        Marginal effective tax rates  (in percent) for an earner of a two-earner household with 

two children 

 Income bracket in percent of country´s average income 

 
40 50 60 70 80 90 100 110 120 130 140 

Australia 51% 36% 36% 36% 36% 34% 35% 39% 38% 39% 38% 

Austria 64% 44% 44% 44% 44% 49% 49% 49% 49% 49% 49% 

Belgium 50% 61% 67% 56% 54% 54% 54% 58% 58% 58% 58% 

Canada 36% 30% 30% 36% 34% 41% 39% 35% 35% 35% 31% 

Switzerland 33% 33% 36% 34% 35% 37% 30% 31% 33% 35% 35% 

Chile 19% 19% 19% 19% 19% 19% 19% 19% 19% 22% 22% 

Czech Republic 30% 31% 31% 31% 31% 31% 31% 31% 31% 31% 31% 

Germany 47% 48% 49% 50% 48% 49% 49% 44% 45% 46% 47% 

Denmark 40% 40% 40% 40% 40% 42% 42% 42% 42% 56% 56% 

Spain 6% 50% 30% 30% 30% 34% 34% 34% 34% 34% 34% 

Estonia 24% 24% 24% 24% 24% 24% 24% 24% 24% 24% 24% 

Finland 32% 38% 33% 44% 45% 45% 46% 49% 49% 49% 49% 

France 37% 53% 32% 32% 32% 32% 38% 43% 43% 43% 43% 

United Kingdom 32% 32% 32% 32% 32% 32% 32% 32% 42% 42% 42% 

Greece -1% 21% 22% 22% 22% 22% 23% 72% 27% 82% 33% 

Hungary 34% 35% 35% 35% 35% 35% 34% 35% 35% 35% 35% 

Ireland 24% 27% 31% 31% 31% 31% 31% 52% 52% 52% 52% 

Iceland 45% 45% 47% 47% 47% 47% 47% 47% 47% 55% 50% 

Israel 9% 18% 17% 17% 17% 33% 33% 33% 33% 43% 43% 

Italy -8% 39% 42% 44% 44% 73% 44% 53% 53% 53% 53% 

Japan 23% 23% 23% 23% 24% 27% 27% 27% 27% 34% 37% 

Korea 11% 12% 18% 22% 21% 21% 21% 23% 19% 19% 19% 

Luxembourg 37% 42% 44% 44% 49% 50% 50% 50% 50% 50% 47% 

Netherlands 35% 39% 39% 47% 47% 50% 50% 50% 58% 58% 58% 

Norway 35% 35% 35% 35% 35% 35% 44% 44% 44% 44% 44% 

New Zealand 40% 40% 40% 19% 19% 32% 32% 32% 32% 35% 35% 

Poland 30% 30% 30% 30% 30% 30% 30% 30% 30% 30% 30% 

Portugal 39% 40% 40% 39% 40% 43% 43% 43% 43% 43% 43% 

Slovak Republic 38% 30% 30% 30% 30% 30% 30% 30% 30% 30% 30% 

Slovenia 77% 120% 120% 35% 35% 43% 35% 35% 43% 43% 43% 

Sweden 29% 29% 28% 29% 29% 32% 32% 51% 52% 52% 52% 

Turkey 29% 33% 33% 33% 33% 33% 33% 33% 39% 39% 39% 

United States 29% 29% 29% 29% 29% 29% 29% 39% 39% 39% 39% 

Source: Own calculation based on OECD Social Expenditure and Income Statistic – Taxes and Benefits (2014). 

Notes:  The calculation of marginal effective tax rates (METR) is as follows: 𝑀𝐸𝑇𝑅 = (∆𝑇 − ∆𝐵) ∆𝐺𝐼⁄ , with T, B, and 

GI, respectively, standing for income taxes (including employees´ contribution to social security), social 

transfers, and gross income (excluding firms´ contribution to social security systems). Social transfers, B, as 

defined in this paper comprise what the OECD data label as social assistance, housing benefits, and family 

benefits. METR in a particular column apply to an increase in gross income from the next lower income 

bracket. For instance, Australia´s METR of 39 percent in the 110-percent income bracket is for an increase in 

gross income from 100 percent to 110 percent of the national average. Recall that METR are shown for an 

earner married to an employee who earns the national average income (≡ 100-percent bracket). 

  

Annex C 
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Table C.2:        Participation tax rates  (in percent) for an earner of a two-earner household with two 

children 

 Income bracket in percent of country´s average income 

 40 50 60 70 80 90 100 110 120 130 140 

Australia 85% 82% 79% 76% 74% 72% 70% 69% 67% 66% 65% 

Austria 77% 76% 74% 72% 70% 69% 68% 67% 66% 66% 65% 

Belgium 83% 81% 80% 79% 78% 76% 75% 75% 74% 73% 72% 

Canada 81% 78% 75% 72% 70% 68% 67% 65% 64% 63% 62% 

Switzerland 78% 75% 73% 70% 69% 67% 65% 64% 62% 61% 60% 

Chile 78% 74% 71% 68% 65% 63% 61% 59% 57% 56% 54% 

Czech Republic 80% 77% 74% 72% 69% 67% 66% 64% 62% 61% 60% 

Germany 84% 82% 80% 78% 76% 75% 73% 72% 71% 70% 69% 

Denmark 87% 84% 81% 79% 77% 75% 73% 72% 70% 70% 69% 

Spain 77% 73% 71% 69% 67% 65% 63% 62% 61% 60% 59% 

Estonia 78% 75% 72% 69% 66% 64% 62% 60% 59% 57% 56% 

Finland 76% 73% 71% 69% 68% 66% 65% 65% 64% 63% 63% 

France 79% 76% 75% 72% 70% 68% 66% 65% 64% 63% 62% 

United Kingdom 75% 72% 69% 67% 65% 63% 62% 60% 59% 58% 58% 

Greece 71% 68% 65% 63% 60% 59% 58% 57% 56% 55% 55% 

Hungary 82% 79% 76% 74% 71% 69% 68% 66% 65% 63% 62% 

Ireland 78% 75% 73% 71% 69% 67% 65% 64% 63% 63% 62% 

Iceland 87% 84% 81% 79% 78% 76% 75% 73% 72% 71% 70% 

Israel 74% 70% 66% 64% 61% 59% 57% 56% 55% 54% 54% 

Italy 79% 76% 73% 72% 70% 69% 69% 68% 67% 67% 66% 

Japan 78% 74% 71% 68% 66% 63% 62% 60% 59% 57% 56% 

Korea 74% 70% 67% 64% 61% 59% 57% 56% 54% 52% 51% 

Luxembourg 79% 77% 74% 73% 71% 70% 69% 68% 67% 67% 66% 

Netherlands 73% 71% 69% 67% 66% 65% 64% 64% 63% 63% 63% 

Norway 78% 75% 72% 70% 68% 66% 65% 64% 63% 62% 61% 

New Zealand 82% 79% 77% 74% 71% 68% 66% 65% 63% 62% 61% 

Poland 82% 79% 76% 73% 71% 68% 67% 65% 63% 62% 61% 

Portugal 78% 75% 75% 73% 71% 70% 69% 67% 66% 65% 64% 

Slovak Republic 80% 77% 74% 71% 69% 67% 65% 63% 62% 60% 59% 

Slovenia 90% 86% 84% 83% 80% 78% 77% 76% 74% 73% 71% 

Sweden 76% 73% 70% 68% 66% 64% 62% 61% 61% 60% 60% 

Turkey 78% 74% 72% 69% 67% 66% 64% 62% 61% 60% 59% 

United States 80% 76% 73% 71% 69% 67% 65% 63% 62% 62% 61% 

Source: Own calculation based on OECD Social Expenditure and Income Statistic – Taxes and Benefits (2014). 

Notes:  The calculation of participation tax rates (PTR) is as follows: 𝑃𝑇𝑅 = (∆𝑇 − ∆𝐵) ∆𝐺𝐼⁄ , with T, B, and GI, as 

defined in the notes to Annex Table C.1. It is crucial to note, however, that all changes are relative to a situation 

where the earner is not formally employed (with 𝐺𝐼 = 𝑇 = 0 and 𝐵 ≥ 0). It follows that PTR in a particular 

column apply to a gross income of that column relative to 𝐺𝐼 = 0. For instance, Australia´s PTR of 69 percent 

in the 110-percent bracket is for an earner who joins the labor force and receives a gross income equal to 110 

percent of the national average. Recall that tax rates are shown for an earner married to an employee who earns 

the national average income (≡ 100-percent bracket). 
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Table C.3           Country-specific data 

 

c (in %) s (in %)  𝒇  𝑺⁄  Average 

income 

(in LCU) 

β α β α 

   
“Married” “Single” 

Australia 10.0 5.6 0.82 79,409 0.48 0.16 0.56 0.04 

Austria 20.0 22.6 0.79 42,814 0.49 0.16 0.57 0.04 

Belgium 21.0 23.0 0.79 46,451 0.49 0.16 0.57 0.04 

Canada 5.0 10.8 0.80 49,821 0.49 0.16 0.57 0.04 

Switzerland 8.0 5.9 0.85 89,779 0.47 0.16 0.55 0.04 

Chile 19.0 0.0 0.89 7,019,299 0.46 0.16 0.54 0.04 

Czech Republic 21.0 25.4 0.66 308,688 0.54 0.16 0.61 0.04 

Germany 19.0 16.2 0.85 45,700 0.47 0.16 0.55 0.04 

Denmark 25.0 0.0 0.65 397,600 0.54 0.16 0.62 0.04 

Spain 21.0 23.0 0.83 26,191 0.48 0.16 0.56 0.04 

Estonia 20.0 25.4 0.74 12,338 0.51 0.16 0.58 0.04 

Finland 24.0 19.1 0.79 43,035 0.49 0.16 0.57 0.04 

France 20.0 27.7 0.80 37,307 0.49 0.16 0.56 0.04 

United Kingdom 20.0 9.7 0.77 35,182 0.50 0.16 0.58 0.04 

Greece 23.0 20.6 0.77 20,450 0.50 0.16 0.57 0.04 

Hungary 27.0 22.2 0.73 3,054,276 0.51 0.16 0.59 0.04 

Ireland 23.0 9.7 0.75 34,178 0.50 0.16 0.58 0.04 

Iceland 25.5 7.1 0.79 6,960,000 0.49 0.16 0.57 0.04 

Israel 18.0 4.8 0.79 134,748 0.49 0.16 0.57 0.04 

Italy 22.0 24.3 0.83 30,400 0.48 0.16 0.56 0.04 

Japan 5.0 12.9 0.92 4,972,455 0.45 0.16 0.53 0.04 

Korea 10.0 9.3 0.92 41,428,224 0.45 0.16 0.53 0.04 

Luxembourg 15.0 11.0 0.74 54,920 0.51 0.16 0.58 0.04 

Netherlands 21.0 9.2 0.79 49,155 0.49 0.16 0.57 0.04 

Norway 25.0 11.5 0.65 537,195 0.54 0.16 0.61 0.04 

New Zealand 15.0 0.0 0.88 54,733 0.46 0.16 0.54 0.04 

Poland 23.0 14.4 0.75 44,083 0.50 0.16 0.58 0.04 

Portugal 23.0 19.2 0.84 17,411 0.48 0.16 0.55 0.04 

Slovak Republic 20.0 23.8 0.73 10,422 0.51 0.16 0.59 0.04 

Slovenia 22.0 13.9 0.77 17,948 0.50 0.16 0.57 0.04 

Sweden 25.0 23.9 0.72 408,188 0.51 0.16 0.59 0.04 

Turkey 18.0 14.9 0.87 27,487 0.47 0.16 0.54 0.04 

United States 10.0 8.9 0.79 50,099 0.49 0.16 0.57 0.04 

Sources and notes: Using OECD data, we approximate c (s) by standard statutory value-added tax rates 

(employers´ social security contribution rates). Similarly, we calculate 𝐿𝑓 𝐿𝑆 = 1 −⁄ 𝐿𝑔 𝐿𝑆⁄ , with 𝐿𝑔 𝐿𝑆⁄  

approximated by the ratio of public-sector employment to total employment; data are available for all 

countries except Austria, Finland, Iceland, Israel, Netherlands, and United States; for these countries, we use 

the average of all countries for which the data is available. α and β  are defined in Eq. (30) and Eq. (28); they 

depend on labor-supply elasticities (𝜀𝑖
𝐼 and 𝜀𝑖

𝐸) and demand elasticities (𝜂𝑖). We use the same 𝜂 = −0.25 ∀𝑖, 

all countries, and for both ‘married’ and ‘single’. 𝜂 = −0.25 is from Lichter et al. (2014). For 𝜀𝑖
𝐼 and 𝜀𝑖

𝐸, we 

use the same values ∀ 𝑖 and countries. However, we use different values for ‘married’ and ‘single’. Both come 

from Bargain et al. (2014); for ‘married’, we use gender averages 𝜀𝐼 = 0.03 and 𝜀𝐸 = 0.16, resulting in 

𝛼 = 0.16; for ‘single’ we use gender averages 𝜀𝐼 = 0.01 and 𝜀𝐸 = 0.25, resulting in 𝛼 = 0.04. Although we 

use the same elasticities for all countries, 𝛽 varies across countries because of country-specific 𝐿𝑓 𝐿𝑆⁄ . 
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Table D.1:        Marginal effective tax rates (in percent) for a single earner without children 

 Income bracket in percent of country´s average income 

 
40 50 60 70 80 90 100 110 120 130 140 

Australia 21% 36% 35% 36% 36% 34% 35% 39% 39% 38% 38% 

Austria 47% 44% 44% 44% 44% 49% 49% 49% 49% 49% 49% 

Belgium 49% 66% 67% 57% 55% 55% 55% 59% 59% 59% 59% 

Canada 42% 33% 28% 28% 34% 39% 35% 31% 31% 31% 31% 

Switzerland 25% 29% 30% 32% 35% 32% 28% 33% 30% 30% 36% 

Chile 19% 19% 19% 19% 19% 19% 19% 19% 19% 22% 22% 

Czech Republic 51% 52% 52% 52% 52% 31% 31% 31% 31% 31% 31% 

Germany 48% 44% 46% 47% 49% 51% 52% 48% 50% 52% 53% 

Denmark 40% 40% 40% 40% 40% 59% 59% 42% 42% 56% 56% 

Spain 22% 50% 30% 30% 30% 34% 34% 34% 34% 34% 34% 

Estonia 24% 24% 24% 24% 24% 24% 24% 24% 24% 24% 24% 

Finland 59% 64% 33% 44% 45% 45% 46% 49% 49% 49% 49% 

France 52% 53% 37% 32% 32% 32% 43% 43% 43% 43% 43% 

United Kingdom 76% 32% 32% 32% 32% 32% 32% 32% 42% 42% 42% 

Greece 16% 16% 34% 35% 35% 35% 35% 35% 36% 36% 36% 

Hungary 35% 35% 35% 35% 34% 35% 35% 35% 35% 35% 35% 

Ireland 4% 27% 31% 31% 31% 31% 52% 52% 52% 52% 52% 

Iceland 48% 48% 50% 50% 50% 42% 42% 42% 42% 50% 50% 

Israel 9% 32% 32% 32% 36% 33% 33% 33% 33% 43% 43% 

Italy 37% 37% 41% 41% 41% 70% 41% 50% 50% 50% 50% 

Japan 90% 90% 23% 23% 24% 27% 27% 27% 27% 34% 37% 

Korea 11% 12% 18% 22% 21% 21% 21% 23% 19% 19% 19% 

Luxembourg 26% 30% 37% 42% 44% 50% 50% 50% 47% 50% 50% 

Netherlands 87% 55% 47% 47% 47% 50% 50% 50% 58% 58% 58% 

Norway 35% 35% 35% 35% 35% 35% 44% 44% 44% 44% 44% 

New Zealand 44% 44% 37% 19% 27% 32% 32% 32% 32% 35% 35% 

Poland 120% 30% 30% 30% 30% 30% 30% 30% 30% 30% 30% 

Portugal 11% 120% 26% 43% 43% 43% 43% 43% 43% 43% 52% 

Slovak Republic 21% 30% 30% 30% 30% 30% 30% 30% 30% 30% 30% 

Slovenia 22% 35% 120% 35% 35% 43% 43% 43% 43% 43% 43% 

Sweden 29% 29% 28% 29% 29% 32% 32% 51% 52% 52% 52% 

Turkey 29% 33% 33% 33% 33% 33% 33% 33% 39% 39% 39% 

United States 29% 29% 29% 29% 29% 29% 39% 39% 39% 39% 39% 

Source: Own calculation based on OECD Social Expenditure and Income Statistic – Taxes and Benefits (2014). 

Notes:  The calculation of marginal effective tax rates (METR) is as follows: 𝑀𝐸𝑇𝑅 = (∆𝑇 − ∆𝐵) ∆𝐺𝐼⁄ , with T, B, and 

GI, respectively, standing for income taxes (including employees´ contribution to social security), social 

transfers, and gross income (excluding firms´ contribution to social security systems). Social transfers, B, as 

defined in this paper comprise what the OECD data label as social assistance, housing benefits, and family 

benefits. METR in a particular column apply to an increase in gross income from the next lower income 

bracket. For instance, Finland´s METR of 49 percent in the 110-percent income bracket is for an increase in 

gross income from 100 percent to 110 percent of the national average. 
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Table D.2:      Participation rates (in percent) for a single earner without children 

 Income bracket in percent of country´s average income 

 
40 50 60 70 80 90 100 110 120 130 140 

Australia 62% 55% 51% 49% 47% 46% 45% 44% 44% 43% 43% 

Austria 82% 75% 70% 66% 64% 62% 61% 60% 59% 58% 57% 

Belgium 69% 67% 67% 67% 66% 64% 63% 63% 63% 62% 62% 

Canada 50% 47% 44% 42% 41% 41% 41% 40% 39% 39% 38% 

Switzerland 95% 82% 74% 68% 63% 60% 57% 55% 53% 51% 49% 

Chile 25% 24% 23% 22% 22% 22% 21% 21% 21% 21% 21% 

Czech Republic 71% 67% 64% 63% 61% 59% 56% 54% 52% 50% 49% 

Germany 80% 73% 68% 65% 63% 62% 61% 60% 59% 58% 58% 

Denmark 118% 102% 92% 85% 79% 75% 73% 72% 69% 68% 67% 

Spain 50% 46% 46% 44% 42% 41% 40% 40% 39% 39% 39% 

Estonia 65% 57% 51% 48% 45% 42% 41% 39% 38% 37% 36% 

Finland 82% 79% 74% 70% 67% 64% 62% 61% 60% 59% 58% 

France 70% 68% 65% 60% 57% 54% 52% 51% 50% 50% 49% 

United Kingdom 73% 73% 66% 61% 57% 55% 52% 51% 49% 49% 48% 

Greece 16% 16% 17% 20% 22% 24% 25% 26% 28% 30% 31% 

Hungary 58% 56% 52% 50% 48% 46% 45% 44% 43% 43% 42% 

Ireland 104% 85% 79% 72% 67% 63% 61% 60% 59% 59% 58% 

Iceland 86% 78% 73% 70% 68% 65% 63% 61% 60% 58% 58% 

Israel 45% 40% 38% 37% 37% 36% 36% 36% 35% 36% 36% 

Italy 14% 18% 22% 25% 27% 29% 32% 33% 35% 36% 37% 

Japan 82% 83% 75% 67% 62% 58% 55% 52% 50% 48% 48% 

Korea 44% 38% 34% 32% 30% 29% 28% 28% 27% 26% 26% 

Luxembourg 90% 82% 74% 69% 66% 64% 62% 61% 60% 59% 59% 

Netherlands 81% 87% 82% 77% 73% 70% 68% 67% 65% 65% 64% 

Norway 84% 74% 68% 63% 60% 57% 55% 54% 53% 52% 52% 

New Zealand 67% 60% 58% 52% 48% 46% 45% 44% 43% 42% 41% 

Poland 41% 57% 53% 50% 47% 45% 44% 43% 42% 41% 40% 

Portugal 42% 36% 38% 38% 39% 39% 40% 40% 40% 40% 41% 

Slovak Republic 65% 58% 53% 50% 47% 45% 44% 42% 41% 41% 40% 

Slovenia 66% 58% 59% 62% 59% 57% 56% 54% 53% 53% 52% 

Sweden 96% 83% 74% 67% 62% 59% 56% 55% 54% 54% 54% 

Turkey 20% 22% 24% 25% 26% 27% 27% 28% 28% 29% 30% 

United States 30% 30% 30% 30% 30% 30% 30% 31% 32% 32% 33% 

Source: Own calculation based on OECD Social Expenditure and Income Statistic – Taxes and Benefits (2014). 

Notes:  The calculation of participation tax rates (PTR) is as follows: 𝑃𝑇𝑅 = (∆𝑇 − ∆𝐵) ∆𝐺𝐼⁄ , with T, B, and GI, as 

defined in the notes to Table D.1. It is crucial to note, however, that all changes are relative to a situation where 

the earner is not formally employed (with 𝐺𝐼 = 𝑇 = 0 and 𝐵 ≥ 0). It follows that PTR in a particular column 

apply to a gross income of that column relative to 𝐺𝐼 = 0. For instance, Finland´s PTR of 61 percent in the 

110-percent bracket is for an earner who joins the labor force and receives a gross income equal to 110 percent 

of the national average. 
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Table D.3:        Labor-cost conversion factors for labor supply at the intensive margin (𝐶𝐹𝑖
𝐼) 

(single, at consumer prices) 

 
Income bracket in percent of country´s average income 

 
40 50 60 70 80 90 100 110 120 130 140 

Australia 0.75 0.61 0.62 0.61 0.61 0.63 0.62 0.58 0.58 0.59 0.59 

Austria 0.43 0.46 0.46 0.46 0.46 0.42 0.42 0.42 0.42 0.42 0.42 

Belgium 0.41 0.28 0.27 0.35 0.37 0.37 0.37 0.33 0.33 0.33 0.33 

Canada 0.52 0.60 0.65 0.65 0.60 0.55 0.59 0.62 0.62 0.62 0.62 

Switzerland 0.71 0.67 0.66 0.64 0.61 0.64 0.68 0.63 0.66 0.66 0.60 

Chile 0.81 0.81 0.81 0.81 0.81 0.81 0.81 0.81 0.81 0.78 0.78 

Czech Republic 0.39 0.38 0.38 0.38 0.38 0.55 0.55 0.55 0.55 0.55 0.55 

Germany 0.45 0.48 0.46 0.46 0.44 0.42 0.41 0.45 0.43 0.41 0.40 

Denmark 0.60 0.60 0.60 0.60 0.60 0.41 0.41 0.58 0.58 0.44 0.44 

Spain 0.63 0.41 0.57 0.57 0.57 0.54 0.54 0.54 0.54 0.54 0.54 

Estonia 0.61 0.61 0.61 0.61 0.61 0.61 0.61 0.61 0.61 0.61 0.61 

Finland 0.34 0.30 0.56 0.47 0.46 0.46 0.45 0.43 0.43 0.43 0.43 

France 0.38 0.37 0.49 0.53 0.53 0.53 0.45 0.45 0.45 0.45 0.45 

United Kingdom 0.22 0.62 0.62 0.62 0.62 0.62 0.62 0.62 0.53 0.53 0.53 

Greece 0.70 0.70 0.55 0.54 0.54 0.54 0.54 0.54 0.53 0.53 0.53 

Hungary 0.53 0.53 0.53 0.53 0.54 0.53 0.53 0.53 0.53 0.53 0.53 

Ireland 0.88 0.67 0.63 0.63 0.63 0.63 0.44 0.44 0.44 0.44 0.44 

Iceland 0.49 0.49 0.47 0.47 0.47 0.54 0.54 0.54 0.54 0.47 0.47 

Israel 0.87 0.65 0.65 0.65 0.61 0.64 0.64 0.64 0.64 0.54 0.54 

Italy 0.51 0.51 0.47 0.47 0.47 0.24 0.47 0.40 0.40 0.40 0.40 

Japan 0.09 0.09 0.68 0.68 0.67 0.65 0.65 0.65 0.65 0.58 0.56 

Korea 0.81 0.81 0.75 0.71 0.72 0.72 0.72 0.70 0.74 0.74 0.74 

Luxembourg 0.67 0.63 0.57 0.52 0.50 0.45 0.45 0.45 0.48 0.45 0.45 

Netherlands 0.12 0.41 0.49 0.49 0.49 0.46 0.46 0.46 0.38 0.38 0.38 

Norway 0.58 0.58 0.58 0.58 0.58 0.58 0.50 0.50 0.50 0.50 0.50 

New Zealand 0.56 0.56 0.63 0.81 0.73 0.68 0.68 0.68 0.68 0.65 0.65 

Poland -0.17 0.61 0.61 0.61 0.61 0.61 0.61 0.61 0.61 0.61 0.61 

Portugal 0.75 -0.17 0.62 0.48 0.48 0.48 0.48 0.48 0.48 0.48 0.40 

Slovak Republic 0.64 0.57 0.57 0.57 0.57 0.57 0.57 0.57 0.57 0.57 0.57 

Slovenia 0.68 0.57 -0.18 0.57 0.57 0.50 0.50 0.50 0.50 0.50 0.50 

Sweden 0.57 0.57 0.58 0.57 0.57 0.55 0.55 0.40 0.39 0.39 0.39 

Turkey 0.62 0.58 0.58 0.58 0.58 0.58 0.58 0.58 0.53 0.53 0.53 

United States 0.65 0.65 0.65 0.65 0.65 0.65 0.56 0.56 0.56 0.56 0.56 

Notes:  The labor-cost conversion factor is the ratio of the shadow wage to the market wage – the latter defined here as 

the gross wage including firms´ social security contributions. Conversion factors are for a single earner without 

children. Using formula (25.1), the results follow from the marginal effective tax rates reported in Table D.1 

and the social security tax rate levied on firms (see Table C.3). Consumer prices are the metric underlying the 

conversion factors shown in this table. Alternatively, conversion factors can be based on producer prices. The 

link between conversion factors in consumer prices and producer prices is examined in Section 5.2. 
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Table D.4:        Labor-cost conversion factors for labor supply at the extensive margin (𝐶𝐹𝑖
𝐸) 

(single, at consumer prices) 

 
Income bracket in percent of country´s average income 

 
40 50 60 70 80 90 100 110 120 130 140 

Australia 0.36 0.43 0.46 0.48 0.50 0.51 0.52 0.53 0.53 0.54 0.54 

Austria 0.15 0.20 0.24 0.27 0.30 0.31 0.32 0.33 0.34 0.34 0.35 

Belgium 0.25 0.27 0.27 0.27 0.28 0.29 0.30 0.30 0.30 0.30 0.31 

Canada 0.45 0.48 0.50 0.52 0.53 0.54 0.54 0.54 0.55 0.55 0.56 

Switzerland 0.05 0.17 0.25 0.30 0.35 0.38 0.40 0.43 0.45 0.46 0.48 

Chile 0.75 0.76 0.77 0.78 0.78 0.78 0.79 0.79 0.79 0.79 0.79 

Czech Republic 0.23 0.26 0.28 0.30 0.31 0.33 0.35 0.37 0.38 0.39 0.41 

Germany 0.17 0.23 0.27 0.30 0.32 0.33 0.34 0.35 0.35 0.36 0.36 

Denmark -0.18 -0.02 0.08 0.15 0.21 0.25 0.27 0.28 0.31 0.32 0.33 

Spain 0.40 0.44 0.44 0.46 0.47 0.48 0.49 0.49 0.49 0.50 0.50 

Estonia 0.28 0.34 0.39 0.42 0.44 0.46 0.47 0.49 0.50 0.50 0.51 

Finland 0.16 0.18 0.21 0.25 0.28 0.30 0.32 0.33 0.34 0.34 0.35 

France 0.23 0.25 0.28 0.31 0.34 0.36 0.38 0.38 0.39 0.39 0.40 

United Kingdom 0.25 0.25 0.31 0.35 0.39 0.41 0.43 0.45 0.46 0.47 0.47 

Greece 0.70 0.70 0.69 0.66 0.65 0.63 0.62 0.61 0.59 0.58 0.57 

Hungary 0.34 0.36 0.39 0.41 0.43 0.44 0.45 0.46 0.46 0.47 0.47 

Ireland -0.03 0.14 0.19 0.25 0.30 0.34 0.36 0.37 0.37 0.38 0.38 

Iceland 0.13 0.20 0.25 0.28 0.30 0.32 0.35 0.36 0.38 0.39 0.39 

Israel 0.52 0.58 0.59 0.60 0.60 0.61 0.61 0.61 0.62 0.61 0.61 

Italy 0.69 0.66 0.63 0.61 0.59 0.57 0.55 0.54 0.53 0.52 0.51 

Japan 0.16 0.15 0.22 0.29 0.34 0.37 0.40 0.42 0.44 0.46 0.46 

Korea 0.51 0.57 0.61 0.63 0.64 0.65 0.66 0.66 0.67 0.67 0.68 

Luxembourg 0.09 0.16 0.23 0.28 0.31 0.33 0.34 0.35 0.36 0.37 0.37 

Netherlands 0.18 0.12 0.17 0.21 0.25 0.27 0.29 0.31 0.32 0.32 0.33 

Norway 0.14 0.23 0.29 0.33 0.36 0.39 0.40 0.41 0.42 0.43 0.43 

New Zealand 0.33 0.40 0.42 0.48 0.52 0.54 0.55 0.56 0.57 0.58 0.59 

Poland 0.52 0.37 0.41 0.44 0.46 0.48 0.49 0.50 0.51 0.52 0.52 

Portugal 0.49 0.54 0.52 0.52 0.51 0.51 0.51 0.50 0.50 0.50 0.50 

Slovak Republic 0.29 0.34 0.38 0.41 0.43 0.44 0.45 0.46 0.47 0.48 0.49 

Slovenia 0.29 0.37 0.36 0.33 0.36 0.38 0.39 0.40 0.41 0.42 0.42 

Sweden 0.03 0.14 0.21 0.27 0.30 0.33 0.36 0.37 0.37 0.37 0.37 

Turkey 0.70 0.68 0.67 0.65 0.65 0.64 0.63 0.63 0.62 0.62 0.61 

United States 0.64 0.65 0.65 0.65 0.65 0.65 0.64 0.63 0.63 0.62 0.62 

Notes:  The notes to Table D.3 apply, with the following modification: Using formula (25.2), the results follow from 

the participation tax rates in Table D.2 and the social security tax rate levied on firms (see Table C.3). 
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Table D.5:          Weighted labor-cost conversion factors, 𝐶𝐹𝑖 (single, at consumer prices) 

 
Income bracket in percent of a country´s average income 

 

 
40 50 60 70 80 90 100 110 120 130 140 Average 

Australia 0.69 0.73 0.74 0.75 0.76 0.77 0.78 0.78 0.78 0.78 0.79 0.76 

Austria 0.60 0.63 0.66 0.67 0.69 0.69 0.70 0.70 0.71 0.71 0.71 0.68 

Belgium 0.66 0.67 0.67 0.67 0.68 0.68 0.69 0.69 0.69 0.69 0.69 0.68 

Canada 0.71 0.73 0.74 0.75 0.76 0.76 0.76 0.76 0.77 0.77 0.77 0.75 

Switzerland 0.52 0.59 0.63 0.66 0.68 0.70 0.71 0.72 0.73 0.74 0.75 0.68 

Chile 0.95 0.96 0.96 0.97 0.97 0.97 0.97 0.97 0.97 0.97 0.97 0.97 

Czech Republic 0.61 0.63 0.64 0.65 0.66 0.67 0.68 0.70 0.70 0.71 0.72 0.67 

Germany 0.63 0.66 0.68 0.70 0.71 0.71 0.72 0.72 0.73 0.73 0.73 0.70 

Denmark 0.39 0.48 0.54 0.58 0.62 0.63 0.64 0.66 0.67 0.68 0.68 0.60 

Spain 0.76 0.78 0.78 0.79 0.80 0.80 0.81 0.81 0.81 0.81 0.81 0.80 

Estonia 0.67 0.70 0.73 0.74 0.76 0.77 0.78 0.78 0.79 0.79 0.80 0.76 

Finland 0.62 0.63 0.66 0.68 0.69 0.71 0.71 0.72 0.72 0.73 0.73 0.69 

France 0.65 0.66 0.68 0.70 0.71 0.73 0.73 0.74 0.74 0.74 0.74 0.71 

United Kingdom 0.65 0.66 0.69 0.72 0.73 0.75 0.76 0.77 0.77 0.78 0.78 0.73 

Greece 0.92 0.92 0.91 0.90 0.89 0.88 0.88 0.87 0.86 0.85 0.85 0.88 

Hungary 0.72 0.74 0.75 0.77 0.77 0.78 0.79 0.79 0.80 0.80 0.80 0.77 

Ireland 0.51 0.61 0.63 0.67 0.70 0.72 0.72 0.73 0.73 0.73 0.74 0.68 

Iceland 0.62 0.66 0.68 0.70 0.71 0.73 0.74 0.75 0.76 0.76 0.76 0.72 

Israel 0.81 0.84 0.84 0.85 0.85 0.85 0.85 0.86 0.86 0.85 0.85 0.85 

Italy 0.92 0.90 0.88 0.87 0.86 0.85 0.84 0.83 0.83 0.82 0.82 0.86 

Japan 0.57 0.57 0.62 0.65 0.68 0.69 0.71 0.72 0.73 0.74 0.74 0.67 

Korea 0.79 0.82 0.84 0.85 0.86 0.86 0.86 0.87 0.87 0.87 0.88 0.85 

Luxembourg 0.54 0.58 0.62 0.64 0.66 0.67 0.67 0.68 0.69 0.69 0.69 0.65 

Netherlands 0.62 0.59 0.62 0.65 0.66 0.68 0.69 0.70 0.70 0.70 0.71 0.67 

Norway 0.58 0.63 0.66 0.69 0.71 0.72 0.73 0.74 0.74 0.74 0.75 0.70 

New Zealand 0.71 0.74 0.76 0.79 0.81 0.82 0.82 0.83 0.84 0.84 0.84 0.80 

Poland 0.80 0.73 0.75 0.77 0.78 0.79 0.80 0.81 0.81 0.81 0.82 0.79 

Portugal 0.82 0.83 0.83 0.83 0.83 0.83 0.83 0.82 0.82 0.82 0.82 0.83 

Slovak Republic 0.67 0.70 0.72 0.73 0.75 0.75 0.76 0.77 0.77 0.78 0.78 0.74 

Slovenia 0.69 0.73 0.71 0.71 0.73 0.74 0.74 0.75 0.75 0.76 0.76 0.73 

Sweden 0.54 0.60 0.64 0.67 0.69 0.71 0.72 0.73 0.73 0.73 0.73 0.68 

Turkey 0.91 0.90 0.90 0.89 0.89 0.88 0.88 0.88 0.87 0.87 0.87 0.89 

United States 0.84 0.84 0.84 0.84 0.84 0.84 0.84 0.83 0.83 0.83 0.82 0.84 

Notes:  See Table D.3 for the definition of labor-cost conversion factors and income brackets; factors are for a single 

earner without children. Results in the ‘income bracket’ columns follow from Eq. (31), that is, for each income 

bracket they show a weighted average of the conversion factors shown in Table D.3, Table D.4 and Text Table  3, 

with the weights given by 𝛼 (for simplicity assumed to be the same for all countries) and 𝛽 (a parameter that 

partly rests on country-specific data). See Annex Table C.3 for the values of 𝛼 and 𝛽. Consumer prices are the 

metric underlying the conversion factors shown in this table. Alternatively, conversion factors can be based on 

producer prices. The link between conversion factors in consumer prices and producer prices is examined in 

Section 5.2 
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Table E.1:        Labor-cost conversion factors for labor supply at the intensive margin (𝐶𝐹𝑖
𝐼) 

(married, at producer prices) 

 Income bracket in percent of country´s average income 

 40 50 60 70 80 90 100 110 120 130 140 

Australia 0.42 0.55 0.55 0.55 0.55 0.57 0.56 0.53 0.53 0.53 0.53 

Austria 0.24 0.38 0.38 0.38 0.38 0.35 0.35 0.35 0.35 0.35 0.35 

Belgium 0.34 0.26 0.22 0.30 0.31 0.31 0.31 0.28 0.28 0.28 0.28 

Canada 0.55 0.60 0.60 0.55 0.57 0.51 0.52 0.56 0.56 0.56 0.59 

Switzerland 0.59 0.59 0.56 0.58 0.57 0.55 0.61 0.60 0.59 0.57 0.57 

Chile 0.68 0.68 0.68 0.68 0.68 0.68 0.68 0.68 0.68 0.66 0.66 

Czech Republic 0.46 0.45 0.45 0.45 0.45 0.45 0.45 0.45 0.45 0.45 0.45 

Germany 0.38 0.38 0.37 0.36 0.38 0.37 0.37 0.40 0.40 0.39 0.38 

Denmark 0.48 0.48 0.48 0.48 0.48 0.46 0.46 0.46 0.46 0.35 0.35 

Spain 0.63 0.34 0.47 0.47 0.47 0.44 0.44 0.44 0.44 0.44 0.44 

Estonia 0.51 0.51 0.51 0.51 0.51 0.51 0.51 0.51 0.51 0.51 0.51 

Finland 0.46 0.42 0.45 0.38 0.37 0.37 0.37 0.35 0.35 0.35 0.35 

France 0.41 0.31 0.44 0.44 0.44 0.44 0.40 0.37 0.37 0.37 0.37 

United Kingdom 0.52 0.52 0.52 0.52 0.52 0.52 0.52 0.52 0.44 0.44 0.44 

Greece 0.68 0.53 0.53 0.53 0.53 0.53 0.52 0.19 0.49 0.12 0.45 

Hungary 0.43 0.42 0.42 0.42 0.42 0.42 0.43 0.42 0.42 0.42 0.42 

Ireland 0.56 0.54 0.51 0.51 0.51 0.51 0.51 0.36 0.36 0.36 0.36 

Iceland 0.41 0.41 0.39 0.39 0.39 0.39 0.39 0.39 0.39 0.33 0.37 

Israel 0.74 0.66 0.67 0.67 0.67 0.54 0.54 0.54 0.54 0.46 0.46 

Italy 0.71 0.40 0.38 0.37 0.37 0.18 0.37 0.31 0.31 0.31 0.31 

Japan 0.65 0.65 0.65 0.65 0.64 0.62 0.62 0.62 0.62 0.56 0.53 

Korea 0.74 0.73 0.68 0.65 0.66 0.66 0.66 0.64 0.67 0.67 0.67 

Luxembourg 0.49 0.45 0.44 0.44 0.40 0.39 0.39 0.39 0.39 0.39 0.42 

Netherlands 0.49 0.46 0.46 0.40 0.40 0.38 0.38 0.38 0.32 0.32 0.32 

Norway 0.47 0.47 0.47 0.47 0.47 0.47 0.40 0.40 0.40 0.40 0.40 

New Zealand 0.52 0.52 0.52 0.70 0.70 0.59 0.59 0.59 0.59 0.57 0.57 

Poland 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 

Portugal 0.42 0.41 0.41 0.42 0.41 0.39 0.39 0.39 0.39 0.39 0.39 

Slovak Republic 0.42 0.47 0.47 0.47 0.47 0.47 0.47 0.47 0.47 0.47 0.47 

Slovenia 0.17 -0.14 -0.14 0.47 0.47 0.41 0.47 0.47 0.41 0.41 0.41 

Sweden 0.46 0.46 0.46 0.46 0.46 0.44 0.44 0.32 0.31 0.31 0.31 

Turkey 0.52 0.49 0.49 0.49 0.49 0.49 0.49 0.49 0.45 0.45 0.45 

United States 0.59 0.59 0.59 0.59 0.59 0.59 0.59 0.51 0.51 0.51 0.51 

Notes:  The labor-cost conversion factor is the ratio of the shadow wage to the market wage – the latter defined here as 

the gross wage including firms´ social security contributions. Conversion factors are for an earner of a 

household that consists of a married couple, both earning income, and two children. The gross income of the 

other earner is equal to the average income and is unchanged over the income brackets of the earner for whom 

conversion factors are shown. Using formula (25.1)*, the results follow from the marginal effective tax rates 

reported in Annex Table C.1, the social security tax rate levied on firms, and the consumption tax rates (both 

shown in Annex Table C.3). Producer prices are the metric underlying the conversion factors shown in this 

table. Alternatively, conversion factors can be based on consumer prices. The link between conversion factors 

in consumer prices and producer prices is examined in Section 5.2. 
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Table E.2:        Labor-cost conversion factors for labor supply at the extensive margin (𝐶𝐹𝑖
𝐸) 

(married, at producer prices) 

 Income bracket in percent of country´s average income 

 
40 50 60 70 80 90 100 110 120 130 140 

Australia 0.13 0.16 0.18 0.20 0.22 0.24 0.26 0.27 0.28 0.29 0.30 

Austria 0.15 0.17 0.18 0.19 0.20 0.21 0.22 0.22 0.23 0.23 0.24 

Belgium 0.12 0.13 0.14 0.14 0.15 0.16 0.17 0.17 0.18 0.18 0.18 

Canada 0.17 0.19 0.22 0.24 0.26 0.27 0.29 0.30 0.31 0.32 0.33 

Switzerland 0.19 0.22 0.24 0.26 0.28 0.29 0.30 0.32 0.33 0.34 0.35 

Chile 0.19 0.22 0.24 0.27 0.29 0.31 0.33 0.34 0.36 0.37 0.39 

Czech Republic 0.13 0.15 0.17 0.19 0.20 0.22 0.23 0.24 0.25 0.26 0.26 

Germany 0.12 0.13 0.15 0.16 0.17 0.18 0.19 0.2 0.21 0.22 0.23 

Denmark 0.11 0.13 0.15 0.17 0.19 0.20 0.22 0.23 0.24 0.24 0.25 

Spain 0.15 0.18 0.19 0.21 0.22 0.24 0.25 0.25 0.26 0.27 0.28 

Estonia 0.14 0.17 0.19 0.21 0.22 0.24 0.25 0.26 0.27 0.28 0.29 

Finland 0.16 0.18 0.20 0.21 0.22 0.23 0.23 0.24 0.24 0.25 0.25 

France 0.14 0.16 0.17 0.18 0.2 0.21 0.22 0.23 0.24 0.24 0.25 

United Kingdom 0.19 0.21 0.23 0.25 0.27 0.28 0.29 0.30 0.31 0.32 0.32 

Greece 0.20 0.22 0.23 0.25 0.27 0.28 0.28 0.29 0.30 0.30 0.30 

Hungary 0.12 0.14 0.15 0.17 0.18 0.20 0.21 0.22 0.23 0.24 0.24 

Ireland 0.16 0.19 0.20 0.22 0.23 0.25 0.26 0.27 0.27 0.27 0.28 

Iceland 0.10 0.12 0.14 0.15 0.17 0.18 0.19 0.20 0.21 0.21 0.22 

Israel 0.21 0.24 0.27 0.29 0.32 0.33 0.35 0.35 0.36 0.37 0.37 

Italy 0.14 0.16 0.18 0.19 0.20 0.20 0.21 0.21 0.22 0.22 0.22 

Japan 0.19 0.22 0.25 0.27 0.29 0.31 0.32 0.34 0.35 0.36 0.37 

Korea 0.21 0.25 0.28 0.30 0.32 0.34 0.36 0.37 0.38 0.40 0.41 

Luxembourg 0.16 0.18 0.20 0.21 0.22 0.23 0.24 0.25 0.26 0.26 0.27 

Netherlands 0.20 0.22 0.24 0.25 0.26 0.26 0.27 0.28 0.28 0.28 0.28 

Norway 0.16 0.18 0.20 0.21 0.23 0.24 0.25 0.26 0.27 0.27 0.28 

New Zealand 0.16 0.18 0.20 0.23 0.26 0.28 0.29 0.31 0.32 0.33 0.34 

Poland 0.13 0.15 0.17 0.19 0.21 0.22 0.24 0.25 0.26 0.27 0.28 

Portugal 0.15 0.17 0.17 0.18 0.20 0.21 0.21 0.22 0.23 0.24 0.24 

Slovak Republic 0.14 0.16 0.18 0.19 0.21 0.22 0.24 0.25 0.26 0.27 0.28 

Slovenia 0.07 0.10 0.11 0.12 0.14 0.16 0.17 0.17 0.19 0.20 0.21 

Sweden 0.15 0.17 0.19 0.21 0.22 0.23 0.24 0.25 0.25 0.26 0.26 

Turkey 0.17 0.19 0.21 0.23 0.24 0.25 0.27 0.28 0.29 0.29 0.30 

United States 0.17 0.20 0.22 0.24 0.26 0.28 0.30 0.31 0.32 0.32 0.32 

Notes:  The notes to Table E.1 apply, with the following modification: Using formula (25.2)*, the results follow from 

the participation tax rates reported in Annex Table C.2, the social security tax rate levied on firms, and the 

consumption tax rates (both shown in Annex Table C.3). Producer prices are the metric underlying the 

conversion factors shown in this table. Alternatively, conversion factors can be based on consumer prices. The 

link between conversion factors in consumer prices and producer prices is examined in Section 5.2. 
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Table E.3:        Weighted labor-cost conversion factors, 𝐶𝐹𝑖 (married, at producer prices) 

 Income bracket in percent of a country´s average income  

 
40 50 60 70 80 90 100 110 120 130 140 Average 

Australia 0.60 0.63 0.64 0.65 0.65 0.66 0.66 0.67 0.65 0.68 0.68 0.65 

Austria 0.59 0.61 0.62 0.62 0.63 0.63 0.63 0.63 0.63 0.63 0.63 0.62 

Belgium 0.59 0.59 0.59 0.60 0.60 0.60 0.60 0.60 0.60 0.60 0.61 0.60 

Canada 0.63 0.64 0.65 0.66 0.67 0.67 0.68 0.68 0.69 0.69 0.70 0.67 

Switzerland 0.65 0.66 0.67 0.68 0.69 0.69 0.69 0.70 0.70 0.71 0.71 0.69 

Chile 0.66 0.68 0.69 0.70 0.71 0.71 0.72 0.72 0.73 0.73 0.74 0.71 

Czech Republic 0.56 0.57 0.58 0.59 0.60 0.60 0.61 0.61 0.62 0.62 0.63 0.60 

Germany 0.61 0.61 0.61 0.62 0.63 0.63 0.63 0.64 0.64 0.65 0.65 0.63 

Denmark 0.55 0.57 0.58 0.58 0.59 0.59 0.60 0.61 0.61 0.60 0.61 0.59 

Spain 0.64 0.62 0.64 0.64 0.65 0.65 0.65 0.66 0.66 0.67 0.67 0.65 

Estonia 0.60 0.61 0.62 0.63 0.63 0.64 0.64 0.65 0.65 0.66 0.66 0.63 

Finland 0.61 0.62 0.63 0.63 0.63 0.64 0.64 0.64 0.64 0.65 0.65 0.63 

France 0.61 0.60 0.62 0.63 0.63 0.63 0.63 0.64 0.64 0.64 0.64 0.63 

United Kingdom 0.63 0.63 0.64 0.65 0.66 0.66 0.67 0.67 0.67 0.68 0.68 0.66 

Greece 0.64 0.64 0.64 0.65 0.66 0.67 0.67 0.64 0.67 0.64 0.67 0.65 

Hungary 0.57 0.58 0.59 0.60 0.61 0.61 0.61 0.62 0.62 0.63 0.63 0.61 

Ireland 0.61 0.63 0.63 0.63 0.64 0.64 0.65 0.64 0.64 0.64 0.64 0.64 

Iceland 0.58 0.60 0.60 0.61 0.61 0.61 0.62 0.62 0.63 0.63 0.63 0.61 

Israel 0.65 0.66 0.68 0.69 0.69 0.69 0.69 0.70 0.70 0.70 0.70 0.69 

Italy 0.63 0.62 0.62 0.62 0.63 0.61 0.63 0.63 0.63 0.64 0.64 0.63 

Japan 0.67 0.68 0.69 0.70 0.70 0.71 0.71 0.72 0.72 0.72 0.72 0.70 

Korea 0.68 0.70 0.71 0.71 0.72 0.73 0.74 0.74 0.75 0.75 0.75 0.72 

Luxembourg 0.61 0.61 0.62 0.63 0.63 0.63 0.63 0.63 0.63 0.63 0.64 0.63 

Netherlands 0.64 0.64 0.64 0.64 0.65 0.65 0.65 0.65 0.65 0.65 0.65 0.65 

Norway 0.58 0.58 0.59 0.60 0.61 0.62 0.62 0.62 0.62 0.62 0.62 0.61 

New Zealand 0.63 0.65 0.65 0.68 0.69 0.69 0.70 0.70 0.70 0.71 0.71 0.68 

Poland 0.59 0.60 0.61 0.62 0.63 0.63 0.64 0.64 0.65 0.65 0.66 0.63 

Portugal 0.62 0.63 0.63 0.63 0.63 0.63 0.64 0.64 0.65 0.65 0.65 0.64 

Slovak Republic 0.58 0.60 0.61 0.62 0.62 0.63 0.63 0.63 0.64 0.64 0.65 0.62 

Slovenia 0.55 0.53 0.54 0.59 0.60 0.61 0.61 0.61 0.61 0.62 0.62 0.59 

Sweden 0.59 0.60 0.61 0.62 0.62 0.62 0.63 0.62 0.62 0.62 0.62 0.62 

Turkey 0.64 0.64 0.65 0.66 0.67 0.67 0.68 0.68 0.68 0.69 0.69 0.67 

United States 0.63 0.64 0.65 0.65 0.66 0.67 0.68 0.68 0.68 0.68 0.68 0.66 

Notes: See Annex Table E.1 for the definition of labor-cost conversion factors and income brackets; factors are for an 

earner of a two-earner married couple with two children. Results in the ‘income bracket’ columns follow from 

Eq. (31)*, that is, for each income bracket they show a weighted average of the conversion factors shown in 

Tables E.1 and E.2 (conversion factors for labor supply) and 1 (which is the conversion factor for labor demand 

for all income brackets and countries (see formula (25.3)*). Annex Table C.3 includes the values of 𝛼 and 𝛽 

that enter Eq. (31)*. Producer prices are the metric underlying the conversion factors shown in this table. 

Alternatively, conversion factors can be based on consumer prices. The link between conversion factors in 

consumer prices and producer prices is examined in Section 5.2. 
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