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Resolving Coordination Frictions in Green Labor Transitions:

Minimizing Unemployment, Costs, and Welfare Distortions

Shisham Adhikari

University of California - Davis

ABSTRACT:

Achieving global carbon neutrality by 2050 requires not only technological advance-
ments but also a rapid reallocation of the workforce. Existing policies, such as the Infla-
tion Reduction Act (IRA), focus on firm subsidies while overlooking critical labor market
coordination frictions. Workers face high entry costs and uncertainty about green job op-
portunities, while firms hesitate to invest without a reliable labor supply. This creates a
coordination problem: workers are reluctant to enter the green sector without job guar-
antees, and firms delay expansion without sufficient workers.

This paper extends the Diamond-Mortensen-Pissarides (DMP) model to incorporate
these coordination frictions, calibrating it to U.S. labor market data. By evaluating sub-
sidies targeted at firms, workers, and a combined strategy, the analysis shows that while
individual subsidies can achieve the green employment target of 14% by 2030, a com-
bined approach is far more efficient. It aligns incentives, reduces unemployment, and
minimizes fiscal costs, highlighting the necessity of addressing coordination frictions to

ensure a cost-effective and equitable green transition.

This Version: September, 2024

1 Introduction

The global push towards carbon neutrality by 2050 is increasingly threatened by critical
labor market coordination challenges. Headlines highlight two pressing issues: polluting
sector workers face uncertainty about their future in the green economy, and green sector
employers struggle to attract a sufficient workforce. Workers in polluting industries fear
being left behind during the transition, while firms aiming to “go green” grapple with
the difficulty of finding employees to meet their expansion needs. Unemployment con-
cerns among fossil fuel workers lie at the heart of the green transition (Bluedorn, Hansen,

Noureldin, Shibata, and Tavares, 2023), but recent reports also underscore a growing la-



bor shortage in the green sector. For instance, LinkedIn’s Global Climate Talent Stocktake
2024 reveals that while demand for green jobs grew by 22.4% between 2022 and 2023,
the green workforce increased by only 12.3% during the same period (LinkedIn, 2024).
Similarly, studies by the International Labour Organization (ILO) and Boston Consulting
Group (BCG) project that labor shortages in the green sector could reach 7 million by
2030, creating a significant bottleneck for global decarbonization efforts (ILO, 2019; BCG,
2023).

Despite major policies like the Inflation Reduction Act (IRA) (IRA, 2023), which focus
heavily on subsidizing firms, the green labor market continues to be hampered by a clas-
sic coordination problem that current policies fail to address. Subsidies incentivize firms
to transition to greener operations, but they do not reduce the critical barriers faced by
workers, such as high entry costs and the lack of guarantees of stable employment, which
deter them from participating in the green economy. This creates a coordination game
where firms hesitate to invest in green production unless they expect a sufficient pool of
workers, while workers are unwilling to pay the costs of transitioning without the as-
surance of adequate job opportunities. Subsidizing only firms is insufficient because it
ignores the interdependence of decisions: firms and workers must act in concert for the
green transition to succeed. Without addressing both sides of the market, the labor supply
needed to support green expansion will remain inadequate, leading to suboptimal out-
comes—underinvestment by firms and underparticipation by workers—that jeopardize
the effectiveness of current climate policies and the broader decarbonization effort.

This paper develops an extended Diamond-Mortensen-Pissarides (DMP) model, cal-
ibrated to U.S. data, to analyze how different policy approaches can resolve the coor-
dination challenges in the green labor market. We evaluate three policy interventions:
subsidies to firms, subsidies to workers, and a combined strategy. Each intervention is
assessed based on its ability to achieve the current target of increasing green employment
from 2% to 14% by 2030. The results indicate that while subsidies targeted solely at firms
or workers can meet the employment target, a combined strategy is far more efficient—
maximizing welfare, minimizing unemployment, and reducing funding requirements.
By addressing both sides of the coordination game, the combined approach ensures that
tirms and workers act in concert, aligning incentives and breaking the stalemate that has
hindered the green transition.

The contributions of this paper are twofold. First, it provides a quantitative frame-
work to analyze the coordination friction that impedes the growth of the green labor
market. By explicitly modeling the game-theoretical interaction between firms and work-

ers, this paper demonstrates how beliefs about each other’s actions can either facilitate



or obstruct the transition. Second, it offers actionable policy insights, highlighting the
importance of a coordinated intervention to achieve optimal outcomes for green employ-
ment. Achieving global climate goals requires policies that address both labor supply and
demand simultaneously. A combined approach is not just more efficient—it is essential
to overcoming the current bottlenecks and ensuring a successful, sustainable transition to

a greener economy.

2 Relevant Literature

The transition to a low-carbon economy has spurred extensive research on labor market
dynamics, with a focus on the employment effects of environmental policies. Early stud-
ies using computable general equilibrium (CGE) models provide insights into sectoral
job reallocation but typically assume full employment and overlook critical labor market
frictions such as unemployment, search costs, and skill mismatches (Patuelli, Nijkamp,
and Pels, 2005; Sancho, 2010; Bohringer, Rivers, and Rutherford, 2013; Freire-Gonzélez,
2018). While models that integrate labor frictions partially address these limitations, they
predominantly focus on aggregate outcomes like net job losses or sectoral shifts, without
addressing the interdependence of decisions between firms and workers (Hafstead and
Williams III, 2018; Hafstead, Williams III, and Chen, 2022).

Search and matching models offer a more nuanced framework for studying labor
market frictions, particularly in capturing unemployment dynamics and labor market
bottlenecks. Recent contributions, such as Gibson and Heutel (2023) and Lankhuizen,
Rojas-Romagosa, and van Ewijk (2022), provide valuable insights into these dynamics
but often fail to examine how coordination frictions between firms and workers influence
outcomes. Specifically, these models do not fully address how firms hesitate to invest
in green production without a reliable labor supply, and how workers are reluctant to
transition without assurance of stable green jobs. Despite the growing recognition of the
central role of unemployment and worker transitions in the political economy of the green
transition (Bluedorn et al., 2023), coordination challenges remain underexplored.

This paper addresses this gap by explicitly analyzing the coordination frictions that
hinder the green labor market transition. Using an extended search and matching frame-
work, it evaluates three policy interventions—subsidies to firms, subsidies to workers,
and a combined strategy—while focusing on their ability to resolve coordination failures.
The key contribution is to demonstrate that small, targeted interventions aimed at align-

ing firm and worker incentives, such as reducing worker entry costs while incentivizing



firm investments, are the most efficient. By quantitatively assessing these policies in terms
of welfare, unemployment, and fiscal efficiency, this paper highlights the necessity of co-
ordinated policy design for resolving labor market frictions and ensuring a successful and

sustainable green transition.

3 Model

3.1 Physical Environment

We develop a discrete-time version of the Diamond-Mortensen—Pissarides (DMP) model
(Pissarides, 2000), extended to include two sectors: green and non-green. Agents dis-
count future payoffs at rate 3, and the labor force is normalized to 1. The labor market is
segmented into the green and non-green sectors, denoted by subscripts g and n, respec-
tively. A continuum of unemployed workers receive an unemployment benefit z, and
both workers and firms decide optimally which market to enter.

Firms that enter either sector incur a flow recruiting cost ¢, and existing jobs are
destroyed at rate A\. Green firms receive a production subsidy 7,, while non-green firms
face a tax 7,,, which funds the subsidies.! On the worker side, entry into the green sector
requires paying a flow cost ,, which is partially offset by a subsidy policy parameter
sq. The effective cost of entry for workers in the green sector becomes (1 — s,)x,, where
sy € [0,1] represents the fraction of , subsidized. In contrast, entry into the non-green
sector involves no cost.

The matching function in each sector j € {g,n} is:

u;Vj

fug,v5) =65 ( >1—¢ (ujv;)¥, ¥ €[0,1],

U + (%
where u; and v; are the number of unemployed workers and vacancies, respectively, and
d; is a sector-specific matching efficiency parameter. For simplicity, we assume constant
returns to scale (¢ = 0). The matching probabilities are given by:

Yj Uj

Qi = , Q= , JE€E19,n}.
I Uj+1)j 13 Uj"i‘Uj J {g }

'We have also solved a version of the model where all sectors are taxed to fund green subsidies. How-
ever, including both taxation and subsidies for green firms adds complexity without altering the main
results. For clarity, we focus on the version where only non-green sectors are taxed.

2We also analyzed the model with increasing returns to scale (IRS), but it added complexity without
providing additional insights, so we omitted it from the main analysis.



After matches are formed, wages are determined through Nash bargaining, where
workers have bargaining power 7. Other parameters, including the unemployment bene-
tit z, job destruction rate A\, and matching efficiency ¢, are identical across sectors, ensuring
that results are driven by policy-specific variables 7,, 7,,, and s,.

This framework captures a critical coordination problem inherent to the green labor
market. Firms benefit from subsidies (7,), which encourage their entry into the green
sector, while workers bear the effective entry cost (1 — s,)x,. This misalignment of incen-
tives creates interdependence in decision-making: firms are reluctant to enter the green
sector unless they anticipate a sufficient pool of workers, while workers hesitate to tran-
sition without confidence in job availability. These dynamics reflect a coordination game,
where the entry decisions of firms and workers depend on their beliefs about the actions
of the other. For instance, firms expecting insufficient worker entry may reduce vacancies,
further discouraging workers from entering the green sector. Conversely, strong expecta-
tions of mutual participation can lead to successful sector growth. The one-shot version
of this coordination game, fully characterized in Appendix A, highlights the potential for
multiple equilibria depending on these beliefs.?

By incorporating this coordination friction, the model enables analysis of how dif-
ferent targeted subsidies (74, s,) can align firm and worker incentives to resolve these

frictions and achieve green employment targets effectively.

3.2 Discussion of Modeling Choices and Empirical Relevance
3.2.1 Definition of Green Jobs

Defining green jobs is essential for capturing their dynamics in the labor market. Broad
definitions, such as those provided by the International Labour Organization (ILO), de-
scribe green jobs as “decent jobs that contribute to preserving or restoring the environ-
ment” (International Labor Organization, 2024). Task-specific classifications based on
databases like O*NET refine this further by focusing on job-specific contributions to the
green transition (Vona, Marin, Consoli, and Popp, 2018; Vona, Marin, and Consoli, 2019;
Consoli, Marin, Marzucchi, and Vona, 2018). However, these approaches often fail to in-
clude emerging occupations like “solar panel installer” relevant to the green economy:.
This paper adopts the definition from Curtis and Marinescu (2022), which encompasses
all employment in renewable energy sectors, including solar, wind, and electric vehi-

cles. This definition aligns well with both empirical and policy contexts, as energy-related

3The one-shot game produces multiple equilibria, driven by differing expectations about firm and
worker participation. See Appendix A for the full characterization.
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activities account for 70% of U.S. anthropogenic emissions (World Nuclear Association,
2024), and recent policies such as the Inflation Reduction Act (IRA) focus heavily on re-
newable energy and EV sectors (Bushnell and Smith, 2024).

3.2.2 Entry Costs for Workers:

Worker entry costs in the green sector (k,) represent the structural barriers faced by work-

ers transitioning to green jobs. These costs are modeled broadly to reflect various frictions:

¢ Training Costs. Green jobs often demand new technical and managerial skills, re-

quiring reskilling even in related occupations (Vona et al., 2018; Consoli et al., 2018).

* Relocation Costs. Green jobs are geographically dispersed, necessitating relocation
from fossil fuel hubs to regions rich in renewable resources (Brookings Institute,
2022; Johnson and Schulhofer-Wohl, 2019; Lim et al., 2023).

* Unionization and Benefits. Fossil fuel jobs typically offer stronger union represen-
tation and better benefits compared to green jobs, deterring workers from transi-
tioning (Emden and Murphy, 2019; Pollin, Garrett-Peltier, et al., 2020).

¢ Uncertainty and Behavioral Barriers. Perceived instability in green jobs and behav-
ioral factors such as risk aversion or sunk costs further impede transitions (Villas-
Boas, 2021; Dixit and Rob, 1994).

Although the model remains agnostic about the exact composition of «,, its inclusion
reflects the real-world barriers to green labor market flexibility and the economics of the
model goes through any of those assumptions.

3.2.3 Subsidy to Firms: 7,

The Inflation Reduction Act (IRA) provides substantial production and investment tax
credits (7,) to incentivize renewable energy deployment, with credits ranging from $5/MWh
to $32/MWh based on criteria such as labor conditions and domestic content (Bistline
etal., 2023). These subsidies have accelerated green technology adoption but have largely
overlooked workforce development (Walsh, 2023). By modeling 7,, the framework cap-
tures the financial incentives driving renewable energy expansion while highlighting the

gap in policies targeting the labor market.



3.2.4 Why Policy-Driven Solutions?

The green transition relies heavily on government policy, unlike past structural changes
such as globalization or automation, which were primarily market-driven. While grad-
ual technological change allows labor markets to adapt naturally (Pissarides, 2000), the
clean energy transition demands the rapid reallocation of millions of workers by 2050 to
meet decarbonization targets. This accelerated timeline creates bottlenecks and coordina-
tion challenges, as polluting job losses may outpace the creation of green jobs. Histori-
cal transitions, such as the Soviet Union’s economic restructuring, illustrate the risks of
unmanaged labor shifts (Oei et al., 2020). Policy interventions, including subsidies and
training programs, are therefore critical to aligning labor supply and demand, resolving

coordination frictions, and ensuring a smooth and equitable transition.

3.3 Analysis of the Model

We now analyze the model by deriving the equilibrium conditions in the labor market.
We examine how green production subsidies and worker entry costs affect equilibrium
outcomes, focusing on the Beveridge curves, value functions, and wage determination.
This allows us to derive policy implications for achieving optimal green sector employ-

ment.

3.3.1 Beveridge Curves

We start with the derivation of the Beveridge curves, which describe the relationship be-
tween unemployment and job vacancies in both the green and non-green sectors. Figure

1 helps illustrate the worker flows between the various states in the economy.
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Figure 1. Worker flows between unemployment and employment in both sectors.

As shown in the diagram, unemployed workers (u) can choose to enter either the
green (u,) or non-green (u,) sector, where they may find a job and transition to employ-
ment (e, and ¢, respectively). Similarly, employed workers in both sectors face the pos-
sibility of job destruction at rate A\, which returns them to unemployment. Equating the

flows in and out of each state gives us the following relationships in steady state:

* For the green sector:

Qglly = A€ (1)

* For the non-green sector:

Qunlln = Aép, ()

e The total labor force is normalized to 1:
Ug+ Uy + g+ ey, =1 (3)

These Beveridge curves will play a critical role in understanding the dynamics of the
labor market under different climate policies, as the green and non-green sectors respond
differently to government interventions such as subsidies and taxes.

3.3.2 Firms’ Value Functions and Free Entry

Firms choose between entering the green or non-green sectors based on expected profits,

which is analogous to free entry in both sectors. Let V represent the value of a vacant
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firm, and Vj(J,) and V,(J,) be the values of vacant (filled) jobs in the green and non-

green sectors, respectively.

* Vacant Firms: A firm posts a vacancy in either sector, choosing the one with higher
expected returns:
V = max{V,, V,,}

The value of a vacancy in the green sector is:

Vg = —c+ Blaggdy + (1 — agg)V],
and in the non-green sector:

Vo= —c+ Blamdn + (1 —azm)V],

where c is the recruiting cost, and oy, and oy, are the probabilities of filling vacan-

cies in the green and non-green sectors, respectively.

e Filled Firms: Once matched, a firm produces output p. Green firms also receive a

subsidy 7,, while non-green firms pay a tax 7,,:
Jg = (1+T7)p—wy+ BAV + (1= A)J],
where w, and w,, are wages, and ) is the job destruction rate.

In equilibrium, firms enter the sector where expected profits are highest, balancing
wages, subsidies, and taxes. In this framework, allowing firms to choose between green
and brown sector is analogous to allowing for free entry in both sector which is what I do
hereon. Free entry in both sectors implies that in equilibrium V;, = V,, = V' = 0, therefore,

we can state the free entry conditions as:
c = Poygd, (4)

C:/Bafnt]n (5)

Imposing free entry to the value functions for filled firms also gives:

Jg=(1+7)p —wy + B(1 = A)J, (6)



3.3.3 Workers’ Value Functions and Optimal Sector Choice

Now, let’s examine the value functions of workers in different states. In our model, work-
ers make an endogenous decision to enter either the green or non-green sector, optimizing
their choice based on expected utility. This decision forms part of the equilibrium, where
the expected utilities for both sectors must equalize. Let U represent the value of an unem-
ployed worker, with U,(W,) and U, (W,,) denoting the values of unemployed (employed)

workers in the green and non-green sectors, respectively.

* Unemployed Workers: An unemployed worker chooses the sector that maximizes
their expected utility. The overall value of being unemployed is given by:

U = max{U,, U,}
The value of being unemployed in the green sector is:
Ug=2—(1—=s5g)kg + B lawgWy+ (1 — aug)Ug] (8)
and in the non-green sector:
U, =2+ B lown Wy + (1 — ) U], )

where z is the unemployment benefit, (1 — s,)r,is the effective entry cost, and o,
and «,, are the probabilities of finding a job in the green and non-green sectors,

respectively.

* Employed Workers: Once employed, a worker earns wage w, in their respective
sector. If a job is destroyed at rate A, the worker returns to unemployment. The

value of being employed in the green sector is:

Wy =wy + B[(1 = MW, + AUJ, (10)
and in the non-green sector:

W, = w, + B[(1 = \)W, + AU, (11)
where w, and w, are the wages in the green and non-green sectors, respectively, and
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A is the job destruction rate.

* Workers” Optimal Entry: Workers choose which sector to enter based on the ex-
pected utility in each sector. Combining the value functions for unemployed and

employed workers in each sector, we get:

[1 = B = Nz = (1 = s9)Ay) + By
(1=5)(1 = B(1 = auwg — A))

[1 = (1 = Nz + Sawnwn

U, = (1= 8)(1 = B(1 = aw, = A)’

and U,, =

In equilibrium, workers are indifferent between entering the green and non-green

sectors, so the following condition must hold:
Uy =U,,

[1 =81 =Nz = (1 = sy)ky) + By, _ [1 = B(1 =Nz + Bawnwy, . (12)

(1=5)(1 = B(1 = auwg — A)) (1=5)1 =51 = awn — X))

This condition ensures that workers optimally choose their sector based on expected

payoffs.

With the value functions of all economic agents fully detailed, we now turn our attention

to analyzing the bargaining challenges across various meeting scenarios.

3.3.4 Bargaining Problems

Non-green sector: Let us start by describing the terms of trade in a meeting between a
tirm and an unemployed in the non-green sector. Solving the standard Nash bargaining

problem leads to the following condition that must be satisfied:
(1 =)Wy = Uy,) =ndn, (13)

This condition indicates that each party receives a share of the total surplus from the
match, proportional to their bargaining power. (Recall that n represents the worker’s
bargaining power.) Substituting the value functions .J,,, U,,, and W,, from above equations

(7), (9), and (11) respectively, we can express the wage in the non-green sector as follows:

(1=n)2[1 =B =N]+nlp— 7)1 = B(1 — A — un)]
1—06(1—=X—naw) '

See Appendix B.1 for the derivation. This establishes a relationship between the wage

(14)

Wy =

of workers in non-green sector and their job arrival rate o,,,, which depends on firm

entry and market tightness. A key insight here is that w,, decreases as the tax imposed on

11



non-green firms 7, increases, introducing a new dynamic into the wage determination for

non-green workers.

Green sector: Next, consider the bargaining problem between a firm and a worker in
the green sector, where workers incur real costs to enter the sector, while firms receive

government subsidies when they match with workers and produce. Again, we have:
(L =n)(Wy = Uy) =nJy. (15)

Similar to before, we can substitute the value functions J,, U,, and W, from above equa-

tions (6), (8), and (10) respectively to derive the wage in the green sector to be:

(1 =n)(z = (1 = 59)rg)[1 = B(1 = N)] +np(1 + 75)[1 = B(1 = A — vy
1 —B(1 =X —nou,)

w, = . (16)
See Appendix B.2 for the derivation. Again, we derive a relationship between the wage
for green sector workers and their job arrival rate a,,,, which is influenced by firm entry
and market conditions. Here, 7, represents the green production subsidy to firms, &, is
the entry cost for workers in the green sector, and s, is the entry cost subsidy to workers
in the green sector. Notice that an increase in 7, and s, leads to an increase in w,, while a

rise in x4 causes w, to decrease.

3.3.5 Government’s Budget Constraint

The government’s budget constraint ensures that tax revenues collected from the non-
green sector fully fund the subsidies provided to the green sector. In other words, the tax
paid by all producing firms in the non-green sector balance the subsidies received by all

producing firms in the green sector, which results in the following condition:
Qg v
Tn:Tg~—fg 2 (17)
Afp - Up
where 7, represents the tax on non-green firms, 7, is the subsidy for green firms, a,

and oy, are the firm matching rates in the green and non-green sectors, respectively, and

vy and v, are the vacancies in the green and non-green sectors.

3.3.6 Definition of Steady State Equilibrium

A steady state equilibrium in our model consists of wages (w,, w,) for workers in the

green and non-green sectors, a green production subsidy 7,, a flat tax 7, paid by non-

12



green firms, measures of vacancies in both sectors (v,,v,), and measures of employed
and unemployed workers in the various states (ugy, ty, €4, €,). The subsidy and tax satisfy
the government budget constraint (17). The remaining equilibrium variables satisfy the
free entry condition (4, 5), the wage curve (16, 14), three Beveridge curves (1, 2, 3), and op-
timal entry condition (12), after one replaces the various o’s with the respective matching
probabilities given in (3.1).

4 Calibration

We calibrate the benchmark model to the U.S. economy in 2022, with a focus on the green
transition in the labor market. A period in the model corresponds to one month in calen-
dar time. Several parameters that have direct empirical counterparts are set exogenously.
The discount factor 3 is set to 0.9959, consistent with an annual interest rate of 5%. Worker
productivity p is normalized to 1, and the matching function exhibits constant returns to
scale (CRS) with ¢ = 0. In line with Shimer (2005), the worker’s bargaining power 7 is set
to 0.72, and the non-employment benefit z is set to 40% of average productivity.

We use several key data targets to guide our calibration. First, the wage premium
for green sector workers relative to non-green sector workers is targeted at 2%, based on
estimates from the Fund (2022)*. Additionally, the green employment share is set at 2%
of the total U.S. workforce, consistent with 2022 estimates from the Energy Information
Administration (EIA) ((EIA), 2024) and calculation of employment share in the renewable
sector’. The hiring likelihood ratio, which compares the probability of workers with green
skills being hired relative to those without such skills, is calibrated to 29%, as reported
by LinkedIn (2023). Labor market tightness, measured as the ratio of job vacancies to
unemployed workers, is set at 1.868 based on data from FRED Blog (2024). Finally, the
unemployment rate is targeted at 3.5%, consistent with Bureau of Labor Statistics (BLS)
data from 2023 (of Labor Statistics (BLS), 2023). In addition, we account for the green
tax subsidy, which ranges from 0.1% of U.S. GDP, based on estimates from the Inflation
Reduction Act (IRA) of 2022.°

“This estimate is on the lower end compared to other studies, which find the green wage premium to be
around 4% in VoxEU (2023) and approximately 20% in Curtis and Marinescu (2022).

°In 2022, there were 3.3 million renewable energy jobs ((E2), 2023) and 212.4 million total jobs ((REA),
2024), resulting in e, /e ~ 2%.

®This estimate is based on the range of production tax credits for renewable energy generation, which
vary from $5/MWh to $32/MWh depending on eligibility factors (Bushnell and Smith, 2024). With 0.91
billion MWh of renewable electricity generated in 2022 (of Energy, 2023) and a U.S. GDP of 25.44 trillion
USD (Bank, 2022), the green production credits range from approximately 0.01788% to 0.11445% of total

13



The model’s performance in matching these calibration targets is summarized in the
table below:

Data Moments Model Values Target Values
Wage Premium (Green/Non-green) 1.018 1.02
Employment Share (Green) 0.0195 0.0195
Hiring Likelihood Ratio (Green/Non-green) 1.29 1.29
Labor Market Tightness 1.868 1.868
Unemployment Rate 3.5% 3.5%

Table 1: Model performance in matching the calibration targets.

The internally calibrated parameters that allow the model to replicate green and non-
green labor market dynamics are given in the table 2.

Parameter Description Calibrated Value
c Vacancy creation cost 0.1640
A Separation rate 0.0188
dg Matching efficiency in green sector 0.8826
On Matching efficiency in non-green sector 0.7961
Kg Green entry barrier cost 0.7246

Table 2: Internally calibrated parameters.

The calibrated baseline model captures the essential dynamics of the U.S. labor mar-
ket in the context of the green transition in 2022. With these parameters, we are now
equipped to tackle the key question of this paper: How can the U.S. increase green employ-
ment from 2% to 14% of total U.S. jobs by 2030? As projected by WorkingNation (2024),
green jobs are expected to grow to nearly 24 million by 2030, comprising 14% of the U.S.
workforce. This calibration enables us to analyze the necessary policy interventions to
reach this ambitious target and assess the best policy in terms of welfare, unemployment
outcomes, and funding requirement.

5 Quantitative Analysis

The U.S. aims to increase green employment from 2% to 14% of total U.S. jobs by 2030,
as per (WorkingNation, 2024), where green jobs are projected to expand to nearly 24 mil-

lion. This quantitative analysis uses the calibrated model to explore the channels through

GDP.

14



which we can achieve this ambitious goal. We focus on two key policy levers: reduc-
ing the green sector entry cost for workers and increasing green production subsidies for

firms.

Green Employment Share as a Function of Green Entry Cost (rcg)

012 Green Employment Share vs. Total Green Subsidy

4

9
4
=
53

e /(e

0.06 -

Green Employment Share (eg /(e + en))
Green Employment Share (

. . . . . . . .
0.1 0.2 03 0.4 05 0.6 07 0.8 0.9 1 0 02 0.4 06 0.8 1 1.2
Green Entry Cost (Ng) Total Green Subsidy %107

Figure 2. Decreasing green sector entry cost Figure 3. Increasing green subsidy increases
increases green employment share. green employment share.

The figure above shows how reducing worker entry costs, x, (using the worker sub-
sidy s,) increases the green employment share, while raising production subsidies to
firms, 7,, similarly boosts the equilibrium green employment share. Both policies are
effective independently (see Appendix A.6), but their combined impact, as demonstrated
in the comparative statics of the one-shot model, is even more substantial.

5.1 Achieving the Green Employment Target

Table 3 compares the effectiveness of various policy strategies in achieving the green em-
ployment target. The policies analyzed include: (i) maintaining a fixed per-firm green
subsidy while subsidizing worker entry costs through taxes collected from non-green
firms, (ii) fixing the total green subsidy across all green firms and reducing worker en-
try costs, recognizing the distinction between per-firm subsidies and aggregate subsidies,
(iii) holding worker entry costs constant while increasing the green firm subsidy, and (iv)
simultaneously reducing worker entry costs and increasing firm subsidies.

The baseline scenario reveals that only 2% of U.S. jobs are currently in the green sec-
tor. All other rows demonstrate how various combinations of subsidies targeting worker
entry costs and green firm production can achieve the target of 14% green employment.
This exercise highlights the effectiveness of individual subsidies as well as a combined ap-

proach in reaching the desired green employment target. The next section evaluates these
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Table 3: Comparison of Different Approaches to Achieve Green Employment Target

Equilibri Per worker Per firm Total green  Green emp.
quiitbrium cost subsidy green subsidy firm subsidy share

Reduce workers’ cost, increase firm subsidy 0.889514 0.256501 0.000645 14%

Fix per firm subsidy, reduce workers’ cost 0.905630 0.0272 6.8000e-05 14%

Fix total firm subsidy, reduce workers’ cost 0.900243 0.0036 8.9074e-06 14%

Fix workers’ cost, increase per firm subsidy 0 2.52733 0.0063 14%

Baseline 0 0.0272 8.9074e-06 2%

policy mixes to identify the optimal strategy in terms of welfare, funding requirements,

and unemployment outcomes.

5.2 Key Results: Welfare, Funding, and Unemployment

Table 4 presents the outcomes of each policy combination, comparing their effects on
welfare, funding requirements, and aggregate unemployment. The combined strategy of
reducing worker entry costs while increasing green subsidies emerges as the most effec-
tive approach, delivering the highest welfare, the lowest funding requirement, and the

largest reduction in unemployment.

Table 4: Welfare, Funding Requirement, and Aggregate Unemployment

Equilibrium Welfare Funding Req. Agg. Unemployment
Reduce workers’ cost, increase firm subsidy 0.9617 0.004786 0.044858
Fix per firm subsidy, decrease workers’ cost 0.9598 0.005173 0.047638
Fix total green subsidy, decrease workers” cost  0.9597 0.005190 0.047842
Fix workers’ cost, increase firm subsidy 0.9554 0.006300 0.053251
Baseline 0.9675 8.9074e-06 0.035000

The combined strategy offers a welfare gain of 0.20% compared to fixing per firm
subsidies while reducing worker entry costs, and 0.21% compared to fixing total green
subsidies with reduced worker entry costs. It achieves a 7.48% reduction in funding re-
quirements relative to fixed per firm subsidies with reduced entry costs, and a 24.03%
reduction compared to fixed worker entry costs with increased firm subsidies. Aggregate
unemployment decreases by 5.84% compared to fixed per firm subsidies with reduced
entry costs, and by 15.76% compared to fixed worker entry costs with higher subsidies.

In summary, reducing worker entry costs and increasing green subsidies is the most
efficient policy combination, maximizing welfare, minimizing funding burdens, and sig-

nificantly lowering unemployment.
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5.3 Welfare Analysis with Green Production Externality

In the standard DMP framework, aggregate welfare is calculated without considering the
positive externalities of green sector expansion. This omission explains why all policy
interventions yield lower welfare compared to the baseline scenario, despite achieving
the green employment target. To address this limitation, we extend the standard DMP
welfare function to include a positive production externality from green employment.
This addition allows us to quantify how large the externality needs to be for the green

sector expansion to result in welfare improvements.

5.3.1 Welfare Function with Externality

The standard DMP welfare function is given by:
Wo = pleg + en) + (2 — Kg)ug + 2u, — (v, + vy),

where ¢, and ¢,, are employment levels in the green and non-green sectors, u, and u,, are
unemployed workers in the green and non-green sectors, x, is the worker entry cost in
the green sector, and c is the recruiting cost for vacancies.

To incorporate the positive externality, we modify the welfare function as follows:
Wao = pleg + en) + (2 — Kg)ug + 2, — c(vy + vy) + ey,

where o represents the externality parameter, capturing the environmental benefit gener-

ated by each unit of employment in the green sector.

5.3.2 Results and Threshold Analysis

The welfare gain or loss from policy interventions depends critically on the value of a.
Figure 4 illustrates the relationship between welfare and the externality parameter «. The
analysis shows that welfare under the combined policy intervention (W, ) equals baseline
welfare (W;) when a = 0.0432. This implies that the positive externality parameter needs
to be bigger than o = 0.0432 for green sector expansion to improve welfare relative to the

baseline.

5.3.3 Productivity Equivalence of the Externality Threshold

To contextualize the threshold a = 0.0432, we compute its productivity equivalence. This

involves finding the percentage increase in productivity (p) required to achieve the same
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Figure 4. Welfare Gain/Loss as a Function of Externality Parameter «

welfare gain as the externality. The results indicate that a = 0.0432 corresponds to a
0.5957% increase in productivity. Thus, subsidizing the green sector becomes welfare-
improving if the environmental externality is equivalent to a 0.6% boost in productivity.
This provides a novel approach for quantifying environmental externalities and integrat-
ing them into labor market models like DMP.

In summary, the results highlight the importance of explicitly accounting for environ-
mental externalities in welfare analysis. This adjustment not only enriches the standard
DMP framework but also help quantify the aggregate welfare benefits of green sector

expansion.

6 Economic Insights

This analysis shows that the most effective strategy to achieve the green employment
target of 14% by 2030 is a combined approach of subsidizing worker entry costs and
increasing firm production subsidies in the green sector. At the heart of this strategy is
the resolution of a critical coordination friction: workers hesitate to transition into the
green sector without job assurances, while firms delay creating green vacancies without a
sufficient supply of workers. The combined policy aligns these interdependent decisions,
fostering a cycle where firms expand green jobs in response to worker entry, and workers
are further encouraged to transition as job opportunities grow.

By reducing worker entry costs, the policy alleviates supply-side barriers, while firm
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subsidies reduce hiring costs and boost labor demand. Together, these interventions cre-
ate a self-reinforcing dynamic that improves matching efficiency, minimizes funding re-
quirements, and maximizes welfare. Isolated policies fail to address this coordination,
requiring far larger interventions to achieve comparable outcomes, making them less ef-
ficient and fiscally burdensome.

The combined approach directly tackles the root cause of labor market frictions,
aligning the incentives of workers and firms to unlock the potential of the green econ-

omy. It offers the most cost-effective and impactful path to achieving green employment.

7 Conclusion

This paper highlights the pivotal role of resolving coordination frictions between work-
ers and firms to achieve ambitious green employment targets. Using an extended Di-
amond—-Mortensen—Pissarides framework calibrated to the U.S. labor market, we show
that a combined policy approach—subsidizing worker entry costs and increasing firm
production subsidies—is the most effective strategy for fostering a successful green tran-
sition. By addressing the interdependence of decisions—where workers hesitate to enter
the green sector without job assurances, and firms delay expansion without a reliable la-
bor supply—the combined approach ensures that workers and firms act in concert, break-
ing the stalemate that undermines current climate policies.

The findings demonstrate that targeting both worker and firm incentives is signif-
icantly more efficient than isolated policies, which fail to address the root coordination
problem. The combined strategy aligns labor supply and demand, creating a self-reinforcing
dynamic that raises green employment from 2% to 14% of U.S. jobs by 2030 while mini-
mizing fiscal costs, reducing unemployment, and improving aggregate welfare.

Additionally, this paper also provides a framework for incorporating environmental
externalities into welfare analysis within the DMP model. This side contribution provides
additional tools for evaluating the societal benefits of green employment policies. To-
gether, these insights offer a practical and impactful roadmap for resolving labor market
frictions during structural transitions and advancing toward long-term decarbonization

goals.
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A  One-shot DMP Model

In this section, we present a simplified one-shot version of the dynamic model to provide
intuition on the interactions between the green and non-green sectors, and how subsidies
and entry costs affect equilibrium outcomes. The government’s role remains consistent
with the dynamic model, as outlined in Section 3.3.5, and the matching probabilities fol-
low the same structure as described in Section 3.1. All the notations are same as the
dynamic case except 7 € [0, 1] denote the fractions of unemployed workers who enter the

green sector.

A.1 Workers

Unemployed workers must decide whether to enter the green or non-green sector. While
the unemployment benefit z is the same in both sectors, entering the green sector requires

paying a one-time training cost x9. The expected surplus for workers in each sector is:

Green: — k7 + adw? + (1 — ad)z,

Non-Green: a,w" + (1 — al)z.

In equilibrium, workers must be indifferent between entering the green and non-

green sectors, implying;:

_K9+U_gw9+ 1— Y 2 = Un w™ + 1_v—" >
T+ v T+ V4 -7+, -7+,

This condition ensures that workers’ entry into the two sectors is balanced.

A.2 Firms

Firms also face an entry decision between the green and non-green sectors. Productivity
y is the same for both, but green firms receive a subsidy 79, while non-green firms pay a
tax 7. Firms post vacancies until the free entry condition holds. The free entry conditions

for both sectors are:
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Green: ¢ = af(y + 79 — w?),

Non-Green: ¢ = af(y — 7 — w").

These conditions ensure that firms will continue to post vacancies until the expected
profits from hiring a worker equal the cost of posting a vacancy, c.

A.3 Bargaining

Green Sector: In the green sector, wages are determined through Nash bargaining be-
tween workers and firms. The solution to the bargaining problem is:

0

)

max(w? — 2)?(y + 79 — w9)'~

0 1—-46

wI —z  y+T9—wd’
Sw! =0y +719)+(1-0)z.

The wage in the green sector depends positively on the firm’s productivity y and the
green subsidy 79, while the worker’s outside option is captured by z.
Non-Green Sector: In the non-green sector, the wage bargaining process is analo-

gous, except for the presence of the tax 7 imposed on firms. The resulting wage is:

1-0

9

max(w" — 2)(y — 7 — w")

0 1-46
e — ,
w" —z Yy—T7T—wW"

swt =0y —71)+ (1 -0)z

Here, the wage in the non-green sector is lower due to the tax burden 7 on firms.
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A.4 Interior Equilibrium with Both Sectors Operating

In equilibrium, firms and workers optimally choose their sectors. The endogenous vari-

ables are 7, vy, v,, Wy, Wy, and 7. The system of equilibrium conditions is:

_ g _ .9
c= =),
1—m ( ny
c=——y—7—w
1—7T—|—Uny ’

w9 = By + %) + (1 0)z,
w'=60(y—7)+(1—6)z,

T__ .9
T=19. —%jf)) :
Trromy "

0 if G <N,

T=4€(0,1) ifG=N,

1 if G > N.

G= kIt —29 41—  and N=—2 g (1-—2 ),
T+ Vg T+ U4 1—7n+uv, 1—7m+o,

A.5 Corner Equilibria

The model also allows for corner equilibria where only one sector operates.

A.5.1 Corner Equilibrium: 7 =0, v, =0

It must be the case that v, = 0 iff 7 = 0. In this case, only non-green labor market operates

with v, > 0 and the matching probabilities become:a,,, = af, = 0,y = -, and
afp = ﬁ The equilibrium conditions are:
vg =0,
— "
c= —T—w"),
1+, Y

w? =0(y+79) + (1 -0)z,
W' =0y — )+ (1—0)z,
T=1,=0,

7 =0,withG < N,
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where G and N are the expected utilities in the green and non-green sectors, respectively:

Un
1+wv,

Un
1+wv,

G=—-k'"+2z2, N= 1 Un wn+(1 — (w"—z) < 0.

+ Up

)z, and G—N = —(1—s,4)Ky

A.5.2 Corner Equilibrium: 7 =1, v, =0

It must be the case that v,, = 0 iff 7 = 1. In this case, only green labor market operates with

vy > 0 and the matching probabilities become:cv,,, = afn, = 0, vy = and oy, =

_Yg _1
T4vg’ T4ug

The equilibrium conditions are:

v, = 0,
1

€= 1+ v,
W = Oy + ) + (1 - 0)z,

w" =6y —7) + (1 )z,

(y + 79 — wg)a

T=1,=0,

7 =1,with G > N,

where G and N are the expected utilities in the green and non-green sectors, respectively:

Vg

G =—r'+
1+,

(% (%
w9+ (1 — 1+gvg) z, N=2z and G-N = —(1—59)/$g—|—1 +gvg (w9—z) > 0.

A.5.3 Equilibrium

A steady state equilibrium comprises of wages (w,, w, ), measure of green and traditional
vacant firms (v,, v,), measure of green and traditional unemployed and employed work-
ers (ug, un, €, €,), fraction of unemployed workers and vacant firms respectively who
choose to be green 7, and a green production subsidy 79 given a flat tax 7 that satisfy the
above listed equilibrium conditions.

Proposition 1. There are multiple equilibria with following properties’:

* 3 a corner equilibrium where m = 0 and there are no jobs/production in the economy is
green.

’In a different context centered on asset liquidity, (Geromichalos, Herrenbrueck, and Lee, 2023) investi-
gates how agents select among various asset markets when faced with random liquidity demands, deriving
a solution that mirrors the characterization presented here.
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* Ja corner equilibrium where m = 1 and all jobs/production in the economy is green.

e For CRS case with ¢ = 0, lim,_,o+ G(7) > 0 > G(0) and lim,_,;- G(7) < 0 < G(1),
i.e. the corner equilibria are not robust to small trembles, but 3 at least one robust interior
equilibrium.
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Figure 5. Multiplicity of equilibria (CRS) in the one-shot version

A.6 Comparative Statics

We can conduct comparative statics in the one-shot model to illustrate the main channel.
As shown in Figure 6, decreasing workers’ entry cost increases the equilibrium entry into
the green sector, while Figure 7 shows that increasing firm subsidies similarly raises green

sector entry.
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Figure 6. Increasing training cost decreases Figure 7. Increasing green subsidy increases
equilibrium entry into green sector equilibrium entry into green sector
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B Bargaining Problem in the Dynamic Model

B.1 Bargaining Problem in non-green Jobs

Proof. The bargaining problem in non-green jobs is: (1 — n)(W,, — U,) = nJ,.

B.1.1 Derivation of the wage in the non-green sector w,

Let’s start with the value function of unemployed workers in the non-green sector U,
from equation (9):
z 6awan

Un =z+ B [awan + (1 - awn)Un] = Un = 1_ 6(1 — awn) + 1_ B(l — awn) (Al)

Not, let’s turn to the value function of employed workers in the non-green sector I, from
equation (11):

W, = w, + B[(1 = W, + A\U,)]
= [1— (1 = N)|W, =w, + B\U,

R T e R e ]

= W= T TR T e TR e

— W T | ~ TR T TR (TR
— [(1“—_@(51) - ;»ﬁ((ll—_ ;‘E‘i”_‘ail’»} A T is 5@— y [1 == awn>]
w1 = B — ) £ B

! (1=8)(1 =81~ awn—A))
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Now, let’s plug this back to the equation (A.1):

z Bty W,
Un = 1—B(1 — ) * 1—B(1 — )
L P [wa(l- B0 aw) + B
1=B(1 —awn) 181 —au,) [(1=08)1—B(1—aw—2))
s B0t
1=B(1—auw,) (1=8)1=B1~auw,—A))
n B2 Avyn 2
(1= B)(1 = B(1 = awn))(1 = B(1 = aun — A))
U (C Y R V) e Botun »
(1=5)1 =B = awn))(1 = B(1 = awn — A)) (1=B)(1=B(l—aw, =) "
_ (1 =801 =)A= B(1 — aw)) ot Blun W
(1 =581 = B(1 = awn))(1 = B(1 — awn — A)) (1=8)(1 =B =, —A)) !
oy 0B ) 2 Sy

(1=8)1=B(1 =y, —A))

Subtracting U,, from W,, above, we get:

— W0 = [ Pl L ][0 A) P

(1=8)(1 = B(1 = awn = A)) (1=5)(1=B(1 = awn = A))

Wy, — 2
W = Un = {1—5(1—%”—»]’

Going back to the bargaining problem,
(L =)W = Un) =1,

Plugging in the equations from above and plugging the value of J,, from (7), we get:

T

B —awn—N |  "T=B0-N
1—n U ~ np—T1) (1—mn)z
e {1_5(1_0%71_/\)—’_1_5(1_)‘)} _1_5(1_)‘) 1= B(1 = awn —A)

(1 —n)z[1 =B = M +nlp—7)[1 — B(1 = A — awn)]

— = (1= B(1 = A = naw)]

e 1= w"|. O
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B.2 Bargaining Problem in Green Jobs

Proof. The bargaining problem in green jobs is: (1 —n)(W9 — U?) = nJ*.

B.2.1 Derivation of the wage in the green sector w,

Let’s start with the value function of unemployed workers in the green sector U, from
equation (8):

—(1- wgW,
Uy = 2= (L= sg)rig+ B lowgWy + (1 = awg)Ug] = Uy = 12_ 5((1 _S(gy)uzg) 1 —650219— Zéwg)
(A.2)

Not, let’s turn to the value function of employed workers in the green sector W, from

equation (10):

Wy =wy + B[(1 = \W, + AU,]
= [1 -1 —=N]|W, =w, + AU,

s 1= B0 =AW, —wg+ﬁ)\[ % SZ?ZQ) BOE;’QW;WJ

= VS TR T [ T T e
:ﬁ‘”[“‘u—ﬂu—fixﬁbu—awn}:1—53—Ay+1—§i—»{fiﬁffig
= W, | A= A ) = T2 R TR o)
A= 0y)) B = (= sy

(1=5)(1 = B(1 = g — X))

Now, let’s plug this back to the equation (A.2):

z— (1 —sg)ky X B Wy

Vo=1z Bl —ay) 1= B(1— )

_ A= (1 —s9)Ky Bty wy(1 — B(1 — auy)) + BA(z — (1 = 54)ky)
1= B(1 = aug) 1= 61— auw) (1=8)1 =B = awg —A))
z—(1—s4)ky Bou,gwy

1_5(1_0%9) (1_5)(1_5(1_0%9_)‘))
ﬁQ)‘O‘wg(Z — (1 — 84)Ky)

A=A A= B0 = ug)) (1 — B — g — N))
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_ (1_ﬁ>(1_5(1_awg_)‘))+ﬁ2>\aw9 -(Z—(l—S)/i)
(1=5)(1 = Bl = auy)) (1 = B(L — g — A)) 7
ﬁawg
(1= p8)(1 = B(1 = awg — A))
 0-B0--B0-aw)
(1= B)(L = B(L = auy))(1 = B(L = g — A)) 7

+ Pty cw
(1=8)(1 =Bl =y, —A)) !
(1 =B =N) (2= (1 = sg)kg) + Bog - wy

(1=5)1 = B(1 = g — X))

+

.wg

:>ng

Subtracting U, from W, we get:

[ wg(1 = B = auwyg)) + BA(z — (1 — s¢)kg)
:>W9_Ug_[ (1=p8)(1 =Bl — awg — X)) }
. {(1 —BA =) (2 = (1 = s4)Rg) + Borug - wg}

(1=8)1 =Bl = aw, —A))

Wy = Uy = [wf:é?1_—(2;g?):§>} '

Going back to the bargaining problem:

(1- n)(Wg - Ug) =1y

Plugging in the equations from above and plugging the value of J, from (6), we get:

(1—n) {“’9_(2—(1—%)%)} P+ T, — w,

1-B(1—awg—N) | T1—BI-N)

1—n n . n(p +7,) (1—77)(2—(1—89)%)
:>wgL—B(l—awg—)\)—i_l—ﬁ(l—/\)}_1—6(1—/\) TR —
oy = A=)z = (= sg)Rg)[L = B = M)+ n(p + 7)[1 = B(1 — A~ auy)]

? [1—B(1 =X —nawy)] '
e, 1= w, 1,5, T= wy, Tand ks, T = wy |. O]
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