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Abstract

Policies intended to reduce the amount of greenhouse gas emissions are among the
most hotly debated policy problems of our time. Among the concerns raised are that
costs will be passed on to consumers and jobs will be lost. A vast economic literature has addressed the pricing of carbon dioxide, at least theoretically, but empirical
evidence and observed market behavior following carbon legislation is scant due to
the lack of policy implementation. We use the introduction and eventual tightening
of the Regional Greenhouse Gas Initiative (RGGI), a regional carbon permit system
in the Northeastern United States, to measure labor market responses and dynamics
following the implementation of a carbon pricing system. We find that implementation
of the RGGI and the subsequent tightening of the emissions cap has had no effect on
employment or earnings but has increased the rate at which workers flow in and out of
jobs. In particular, we observe small, positive increases in hiring, worker reallocation
and job creation across all industries. Furthermore, in models that account for the
endogeneity of electricity prices we find that the RGGI decreases job destruction rates.
JEL Codes: J23, Q35, Q38, Q48
Keywords: Carbon Emissions, Climate Policy, Labor Market Dynamics
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Introduction

Scientific evidence linking carbon dioxide emissions and global climatic change has accumulated for more than a century (Foote (1856)). Despite this, efforts to combat greenhouse
gas emissions have been stymied at all levels of governance, and the policies that have been
adopted are mostly regionally-based – especially in the United States. The reticence to adopt
market-based policies that limit the negative externality effect of greenhouse gas emissions
persists despite a canonical and widely accepted position, at least among economists, that
market-based mechanisms will efficiently internalize negative externality effects. Much of the
hesitation in adopting policies that put a price on carbon emissions revolves around negative
impacts on labor markets and higher energy prices in all sectors, both of which are expected
to lead to job loss. In this research, we study how labor markets have responded to the
introduction of the first carbon permit trading system in the United States, the Regional
Greenhouse Gas Initiative (RGGI), which has already collected more than $3 Trillion in
carbon permit fees.
The RGGI was the first cap and trade system for carbon dioxide emissions put in place
in the United States, and this carbon trading system has been in force since 2009. When
the policy began, the RGGI implemented a carbon cap of 188 million allowances for the 10
state region which tightened incrementally yearly. The original coalition of 10 states included
Connecticut, Delaware, Maine, Maryland, Massachusetts, New Hampshire, New Jersey, New
York, Rhode Island, and Vermont. In 2012 New Jersey left the coalition, however the state
is on track to to rejoin the RGGI by 2020, the state of Virginia has made concrete steps
toward joining the RGGI, and Pennsylvania has passed a policy to join the RGGI.
In the time since the policy’s original implementation, the nine states within the RGGI
voted to lower their emissions cap in 2014. This was done because the emissions cap was
effectively non-binding due to an unanticipated abundance of natural gas, and hence lower
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Figure 1: RGGI Cap Levels and Permit Clearing Prices

emissions due to fuel substitution away from coal. For example, the original 2019 cap was
80,179,708 allowances – 42.6% of the emissions allowances in 2009. The new RGGI adjusted
cap for 2019 was 58,288,301 allowances – 31% of the 2009 level. Figure 1 shows how the total
amount of allowances have changed over time both for the original cap and the adjusted cap.
Also shown in this figure is the history of clearing prices. It is clear that permit prices have
increased following the policy change to a lower emissions allowance cap - a nearly three
fold increase in the clearing price. This visual evidence implies that there is now a tighter
market for emissions allowances.1 After 49 quarterly auctions in the eleven year tenure of the
policy, more than $3 Trillion has been collected in carbon fees which have been proportionally
dispersed back to the states that purchased the carbon allowances. These permit revenues
have been used to fund activities like energy efficiency audits and improvements, renewable
energy development, and low-carbon city services.2
In this research, we measure how labor markets have responded to the internalization of
carbon dioxide externalities in the power sector. The RGGI area is the first to explicitly
1
2

The cap notches upwards in 2020 to reflect the re-entry of New Jersey into the coalition.
A report on state by state investments is available in RGGI (2016).
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price carbon dioxide emissions within the United States, and surrounding states do not have
carbon dioxide pricing. Moreover, there is not a Federal-level policy to limit these emissions.
Hence, we are able to measure the effect of carbon pricing on labor market outcomes and
dynamics while controlling for unobserved heterogeneity in state-industry makeup while also
accounting for global factors that affect RGGI and non-RGGI states alike.
Our approach to answering how labor markets have been impacted by carbon-pricing uses
difference-in-differences methodology within increasingly granular industry specifications, as
well as structural modeling of carbon-price pass-through. Additionally, we expand on standard practice that measures how employment and earnings might have changed by including
outcome variables that measure the rates of job creation, job destruction, hiring, separation,
worker reallocation, and job reallocation.
We begin our analysis by measuring how these dependent variables have changed over time
using the implementation of the RGGI carbon market as a first treatment period and account
for a second policy treatment when the carbon cap was lowered at the four digit NAICS
industry level. Here, we are able to provide estimates of how employment, earnings, and
the various measures of job flows change using all industries in the state, all non-utilities
industries, and by separate NAICS utilities classifications. We partition down to the utilities
industry because this is the industry that is directly targeted in the new carbon-market
system, however it is of broad policy importance to measure changes in other industries
because electricity is an input in nearly all sectors.
Contrary to commonly held concerns, we do not find that the implementation of the carbon
permit market, or even the tightening of carbon standards, have changed employment or
earnings. This null result is robust to multiple model permutations, control group specifications, and even remains when we estimate models at the most granular industry-level possible. That is to say, the treatment effects estimates attributable to the RGGI carbon market
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implementation and its tightening are not statistically different from zero for employment
or earnings across all industries, and this lack of a statistically discernible effect remains
when we limit our sample to all non-utilities industries and the NAICS-4 utilities sector.
Moreover, we fail to find a statistically discernible effect when we partition to the NAICS-6
sectors of fossil fuel generators, or electric power transmission and distribution.
The only real impacts of the carbon permit system on labor markets that we consistently find
are that job creation rates, hire rates, separation rates, and worker reallocation rates have
changed both in aggregate and for all non-utilities industries in RGGI states. Specifically,
we find that the job creation rate increased by 0.002 following the implementation of the
carbon-permit market and further increased by 0.005 after the tightening of the carbon cap.
In other words, for every one thousand jobs, five additional jobs were created in RGGI-states
during the 2014-2018 period.
In order to determine the robustness of our results we supplement this work with a structural
model of cost pass-through to fully account for dynamics in the energy market at the time
that the RGGI was implemented. Here, we use our baseline model and include an additional
variable that captures how the electricity price by sector and state changes over time. In this
model our estimates of the effect of the RGGI hold constant substitution and scale effects
associated with electricity prices changes that may have occurred with the implementation of
the RGGI. This model is identified by using contemporaneous and lagged wholesale natural
gas prices and carbon expenses as instruments. Even in models that include the price of
electricity we still find largely null results for employment and earnings, though there is weak
evidence that employment in industrial sectors decreased following the implementation of
the carbon market (though not the cap tightening). Indeed, the main conclusions from
before continue to hold: it is primarily through increased labor market churn that we notice
RGGI-states differing from non-RGGI states. Here we see that job creation rates, hiring
rates, and worker reallocation rates are all higher due to the implementation and tightening
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of the carbon permit system. Further, we find that job destruction rates decrease in the
RGGI-area relative to non-adopting states.
In addition to the instrumental variables model, we include robustness measures that also
examine policy spillover effects in neighboring states. Here, we seek to determine if the carbon
permit system has caused jobs to spillover to other states in the region much like emissions
have. While all of our primary results for the RGGI-area remain unchanged, we do find that
there is evidence of increased employment and earnings in neighboring non-RGGI states
that are part of the same PJM electricity balancing authority, but this is only the case for
the policy implementation period. Much of the documented emissions leakage has occurred
through new or increased generation at natural gas facilities outside of the RGGI region (Fell
and Maniloff (2018); Chan and Morrow (2019); Roach and Gittings (2020)). Here, we see
evidence that employment has increased in the NAICS6 Fossil Fuel Generation sector outside
of the RGGI region due to the carbon market opening (no effect when the cap tightened),
and that the number of establishments increased following both policy treatments. We also
include an additional area for policy spillover to occur to conform to prior RGGI research
and find that employment and earnings have increased in Pennsylvania and Ohio in this time
period relative to all other states, though we report this with a degree of hesitation. These
states are two of the main states that lay atop the Marcellus and Utica shale formations
which have witnessed rapid job growth due to the shale boom which occurred at a nearly
identical time to the RGGI implementation and tightening. We note that these states are
also under the PJM electricity balancing jurisdiction, and estimates for spillover into the
PJM territories are often not consistently statistically significant.
In further robustness models we reduce the states included in the treatment-free comparison
group by first excluding California from our analysis (which passed a carbon permit system in
2013) and by limiting the sample to only states within the Eastern Interconnection system.3
3

There are three main grids in the United States, the Eastern Interconnection, Western Interconnection,
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We also toggle the inclusion of state-specific trends and state-specific recession effects. All of
our primary results are unchanged when limiting the pool of treatment-free comparison group
states. Final robustness models include an event-study analysis to account for potential preexisting trends, and a triple difference-in-differences model. In the latter robustness exercise
we leverage our ability to measure changes in the utilities industries within the RGGI region
relative to non-utilities industries in the same jurisdiction. In other words, we estimate how
utilities employment in the RGGI region has changed relative to other (non-regulated) instate industries holding constant changes over time in utilities and non-utilities industries in
non-RGGI states.
Our analysis is unique to the literature on the effects of the RGGI because we are the first to
measure how labor markets have been impacted. Moreover, this paper adds to the nascent
literature on the economic consequences of carbon dioxide taxation by being the first to
empirically estimate the labor market effects of carbon dioxide pricing in the United States.
Prior work by Metcalf and Stock (2020a) and Metcalf and Stock (2020b) uses variation in
taxation rates in the European Union to determine if employment or GDP have changed.
These authors find that the there is no effect of carbon taxes on the growth rates of GDP
or employment and further state that, “[m]ore importantly, we find no robust evidence of
a negative effect of the tax on employment or GDP growth” (Metcalf and Stock (2020a)).
The results from our paper yield similar conclusions.

2

Labor market effects of environmental policy

The availability of research on the labor market impacts of carbon dioxide emissions policies
is limited because few policies have been enacted, and those that have been passed are

and the Electric Reliability Council of Texas. In each system electricity flows in a different phase, and
‘importing’ of electricity from grid-to-grid generally does not occur.
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of a recent vintage. Indeed, to the best of our knowledge, this work is the first studying
observed labor market impacts of the RGGI.4 However, a small but growing literature exists
that examines how markets have responded to carbon pricing in countries other than the
United States. Beyond that, we rely on former studies that have measured the labor market
impacts of permit trading programs that have targeted other pollutants (like nitrous-oxide),
the Clean Air Act of 1970 and 1977, and the amendments made to the Clean Air Act in
1990.
Both the United Kingdom and the state of British Columbia, Canada have implemented
carbon-pricing systems. The first microeconometric study on how labor markets have changed
following a carbon pricing system is Martin et al. (2014). These authors study the UK carbon pricing policy and find that the policy had a strong negative impact on energy intensity
and electricity use, but that there was no statistically significant impacts for employment,
revenue, or plant exit. In British Columbia, research has found mixed results for how their
revenue neutral carbon policy has affected labor market outcomes. Yamazaki (2017) finds
that employment in carbon-intensive and trade-sensitive industries fell, but that employment in the aggregate has not been hurt following the implementation of the revenue neutral
tax. In contrast to these findings, Yip (2018) uses worker-level data to determine the effect of carbon pricing on labor markets. Yip (2018) finds that the policy increases the
unemployment rates of medium- and low-educated males by 1.4 and 2.4 percentage points,
respectively.
There is a deeper literature on how prior environmental regulation has impacted labor markets. Kahn and Mansur (2013) show that energy-intensive industries concentrate in counties with structurally lower electricity prices, but further find only mixed evidence that
pollution-intensive industries locate in counties featuring relatively lax Clean Air Act regu-
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Casey et al. (2020) use a calibrated model to estimate employment changes and spillover to neighboring,
non-carbon-pricing states. We discuss this paper more deeply in the robustness section.
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lation. Walker (2011) shows that due to the 1990 Clean Air Act Amendments, employment
growth (and levels) have changed in affected sectors with estimates suggesting that, in counties that were regulated, the regulated sector was reduced in size by as much as 15 percent.
Further, Walker (2013) shows that workers in newly regulated plants experienced, in aggregate, more than $5.4 billion in forgone earnings for the years after the change in policy.
These costs are due to nonemployment and lower earnings in future employment. Walker
(2013) also emphasizes the needs for longitudinal evidence in analyzing labor market responses to environmental regulation. Curtis (2017) uses a triple difference-in-differences approach to study how manufacturing industries adjusted following the implementation of the
nitrous-oxide (N Ox ) permit trading program. Curtis (2017) finds that overall employment in
the manufacturing sector dropped by 1.3%, with employment in energy-intensive industries
falling by 4.8%. Employment declines primarily occur through decreased hiring rates rather
than increased separation rates. This has the effect of mitigating the impact on incumbent
workers. Curtis (2017) further finds that young workers experienced the largest employment
declines, and earnings of newly hired workers fell after the regulation began.
In our study, we are also able to dissect changes in labor markets through hiring and separation rates, but we also exploit data on job creation, job destruction, worker reallocation and
job reallocation (in addition to earnings, employment, and the number of establishments as
prior authors have done). Moreover, we also measure cost pass-through by sector, which
allows us to gauge how outcomes may differ depending on the type of production (e.g. the
energy and capital-intensive industrial sector compared to the commercial sector).
Lastly, we briefly discuss the existing literature on how the RGGI has affected electricity
markets and emissions. The consensus of the literature is that the RGGI has been successful
in reducing carbon dioxide emissions, but that carbon leakage is occurring. This leakage
primarily occurs by increased power production in neighboring (non-adopting) states at natural gas-fired plants. Kim and Kim (2016), Fell and Maniloff (2018), and Lee and Melstrom
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(2018) use production data to show that there is policy spillover in neighboring states, and
Chan and Morrow (2019) and Roach and Gittings (2020) use observed emissions levels to
confirm. Importantly, Chan and Morrow (2019) and Roach and Gittings (2020) are both
able to show that plant-level emissions have changed which indicates that there are localized
impacts by generator type. For this reason, we incorporate data from the Quarterly Census of Employment and Wages which has data at the NAICS six digit level to complement
our primary estimating model. In essence, we seek to account for policy impacts that are
occurring at fossil fuel power generators (NAICS 221112). Fell and Maniloff (2018) use the
proximity of Ohio and Pennsylvania and designate them ‘leaker’ states which is a designation we also use in the robustness section. Further, Roach and Gittings (2020) estimate
emissions leakage within the same electricity balancing region which we also account for in
the robustness section.
The balance of this paper continues accordingly: Section two discusses the data sources
used for this paper. Section three describes our benchmark difference-in-differences model.
Section four provides robustness to our primary estimates in five ways. First, we use an
instrumental variables approach to account for endogenous electricity price changes. We
then discuss estimates of models that account for cross-border spillover and the toggling
of control group states. Then, we account for pre-existing trends in the data by estimating
event-study models. Last, we use a triple differences-in-differences model to discuss dynamics
in the utilities sector. Section five concludes.

3

Data

The data for this study span the time from 2001:Q1-2018Q1 and are at a quarterly interval.
To study job flows and labor market impacts of the RGGI, we use local labor market data
from two primary sources. First, the Quarterly Workforce Indicators (QWI) produced by the
9

Longitudinal Employer Household Dynamics (LEHD) program at the U.S. Census Bureau
provide detailed information on earnings, employment, job flows and worker flows. These
data can be disaggregated at very fine levels of detail by industry, geography, and firm and
worker characteristics. The second primary data source is the Quarterly Census of Employment and Wages (QCEW). These data also provide employment and earnings information at
fine levels of granulation by geography and industry but do not have information on worker
and job flows. The primary benefit of the QCEW for our work is that the data are provided
down to the six digit NAICS industry classification, whereas the public use version of the
QWI only provide information at the four digit level. These data are discussed in greater
detail, below. Additionally, we use data from the Energy Information Administration on
electricity prices by state and sector and data on the wholesale price of natural gas, the
“Henry Hub” price. Program specific data on carbon allowance prices, and quantities of
permits sold by state, are publicly available from the RGGI.

3.1

The Quarterly Workforce Indicators (QWI)

Here, we draw the reader’s attention to strengths of the QWI data as well as potential
problems that may affect our analysis. For our purposes, the data have two primary advantages. First, the QWI measure many variables characterizing labor market dynamics;
most importantly on the movements of workers into and out of firms as well as job creation,
job destruction and job reallocation. Second, the data can be disaggregated by detailed
geography, industry, and worker and firm characteristics. The measurement of job flows and
the ability to cut the data by industry allow us to study the interaction between the RGGI’s
carbon caps and employment reallocation.
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3.1.1

Background on QWI Data

The QWI data are a public-use product of the Longitudinal Employer Household Dynamics (LEHD) program at the U.S. Census Bureau. The microdata underlying the QWI, the
LEHD Infrastructure files, are employer-employee matched data constructed from state Unemployment Insurance (UI) records. LEHD aggregates these records in partnership with
state Departments of Labor that administer UI systems. The basic data element is a ‘job’,
defined by the appearance of a UI record that reports the UI-taxable earnings paid to a
specific individual by a particular employer. The LEHD program integrates the UI-based
job frame with survey and administrative data that contain information on the individuals
and employers involved. The microdata created by the program are then compiled into
public-use products, of which the QWI are one. Because they are built from UI records,
the LEHD data cover roughly 98 percent of all private-sector, non-agricultural employment,
facilitating the release of statistics at high levels of demographic, geographic, and industry
detail.
The QWI data used in this paper covers all 50 states for the period 2000:Q1–2018:Q1.5
Our initial analysis uses data disaggregated by NAICS 4-digit industry codes. We use the
following QWI variables:
• B: employment at the start of the quarter.
• E: employment at the end of the quarter.
• A: workers newly hired this quarter (hires/accessions).
• S: workers newly separated this quarter (separations).
• C: total jobs created across all firms this quarter.

5

We used the R2019Q1 version of the public use Quarterly Workforce Indicators. The raw data are
available for download from https://lehd.ces.census.gov/data/.
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• D: total jobs destroyed across all firms this quarter.
• Y : total monthly earnings of workers employed at the end of the quarter.
In the process of aggregating the raw job-level records to geography-industry-demographic
group cells, the LEHD program imposes two data quality controls that may affect analysis.
First, the following accounting identities are imposed on the release statistics:
• JF : net job flows, with JF = E − B = A − S = C − D.
• W R: worker reallocation, W R = A + S.
• JR: job reallocation, JR = C + D.
• Bt = Et−1 .
These accounting identities do not directly affect our analysis, but they restrict the number of
independent sources of variation. Raw employment counts are expressed as rates by dividing
the numerator by average employment in the current and previous quarter. For example,
the job creation rate is given by

JCRst =

3.1.2

Cst
(Est + Es,t−1 )/2

Noise Infusion and Cell Suppression

Like the Business Dynamics Statistics (BDS) and the Quarterly Census of Employment and
Wages (QCEW), the QWI data are prepared using confidentiality protection procedures.
These procedures prevent the disclosure of information when the number of firms or individuals contributing to a statistic is small. The QWI use a novel noise infusion method
that maintains the analytic validity of the released statistics but reduces the incidence of
individual cell suppression and eliminates the need for complementary suppression. Briefly,
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the procedure works by adding a small, but non-zero, amount of noise to the underlying
microdata prior to aggregation. The noise makes it impossible to “reverse engineer” the
actual cell counts from the release data, even when the number of units contributing data is
small.
All cells and all QWI statistics are distorted through this process, but the upshot is that
the QWI data are therefore subject to very little cell suppression relative to other protection
schemes and produces a more representative sample in the published statistics. The QWI
includes a flag when cells are “significantly distorted” – that is, when the published value
deviates from the confidential value by a specific (confidential) threshold.6

3.1.3

Other Concerns

The QWI data also do not currently include reliable or consistent information on publicsector employment or self-employment.7 We restrict our analysis to jobs where the employer
reports being privately owned. Like the QCEW, the QWI contain measures of total labor
market earnings, but do not separately report wage rates or hours of work. We have no
measure of labor utilization at the intensive margin. Like much of the literature on policies
impacting labor reallocation (e.g. the minimum wage literature), our analysis is restricted,
by virtue of the available data, to the extensive margin of employment adjustment. However,
for our analyses regarding worker and job reallocation, the extensive margin is exactly what
we need to observe.

6

One may be tempted to drop the small number of cells that are “significantly distorted”. However,
there is no clarity whether dropping these cells produces better or worse estimates. In fact, since it is clear
that these cells are small to begin with, dropping them generates a sample selection issue. Regardless, even
when doing so, our results are unchanged.
7
As of this writing, the LEHD program is in the process of incorporating the self-employed and public
sector employment into the QWI, so the limitation to private-sector employment is not permanent
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3.2

Quarterly Census of Employment and Wages

While the QWI is a data product of the U.S. Census Bureau, the QCEW data are published
by the Bureau of Labor Statistics. However, the primary underlying microdata to produce
both data products is the same. The QWI and QCEW both rely on unemployment insurance
records that are provided to the agencies by each state. Each data source has information
on employment and earnings, but for our purposes, the primary advantage of the QCEW is
the level of industry detail.
The QCEW provides data by six digit NAICS industry classifications while the public use
version of QWI provides the data only down to the four digit NAICS industry level of
detail. Since we are studying the electricity industry, this additional level of disaggregation
is meaningful. The Utility sector is classified as NAICS 22 (2 digit). For the utilities sector,
there is no further disaggregation at the three digit level and all utilities establishments fall
within NAICS 221 subsector. There are three industry groups at the NAICS 4 digit level
within Utilities: Electric Power Generation, Transmission and Distribution (2211), Natural
Gas Distribution (2212), and Water, Sewage and Other Systmes (2213).
Within these three industry groups, which are all covered by the QWI, the RGGI will
have a direct effect on Electric Power Generation, Transmission and Distribution (2211).
However, this classification is too broad and covers many establishments that will not be
effected or will be minimally effected. Thus, the five digit industries within NAICS 2211
are Electric Power Generation (22111) which is relevant for our analysis and Electric Power
Transmission, Control and Distribution (22112) which is less relevant. At the six digit level,
NAICS classifies eight industries within Power Generation.8 When utilizing the QCEW we
focus on the Fossil Fuels (221112) generating sector, and the Electric Power Generation
(22111) and Electric Power Transmission, Control and Distribution (22112) classifications.
8

Hydroelectric (221111), Fossil Fuels (221112), Nuclear (221113), Solar (221114), Wind (221115),
Geothermal (221116), Biomass (22117), and Other (221118).
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The downside to this granular of an industry classification is that only employment and
earnings are available as outcomes with no job flows or labor market dynamics outcomes
available in the QCEW.

3.3

Energy Information Administration

All energy market data comes from publicly available data at the Energy Information Administration. We make use of quarterly averages of the wholesale price of natural gas, the
Henry Hub price, as well as state-specific electricity prices. The EIA collects three separate
electricity price series: residential, industrial, and commercial. We merge electricity prices
with associated industries as defined by the EIA.9,10

4

Empirical Strategy

To measure the impact of the RGGI on labor market outcomes and dynamics we use a
standard difference-in-differences panel data framework. Within our analysis, we use two
policy treatment periods which capture the introduction of the carbon permit trading system
as well as a subsequent tightening of the carbon cap. The treatment group pertaining to
the RGGI is easily identified because treatment is sharply defined along state lines. Hence,
states outside of the RGGI are used as a ‘treatment-free’ comparison group subject to the
same global factors that both treated and untreated units face (e.g. changes in interest rates
and commodity markets). The first RGGI carbon permit auction occurred on September
9

The industrial sector encompasses the following types of activity: “manufacturing (NAICS codes 31-33);
agriculture, forestry, and hunting (NAICS code 11); mining, including oil and gas extraction (NAICS code
21); natural gas distribution (NAICS code 2212); and construction (NAICS code 23).” (EIA, 2019)
10
The commercial sector is “[a]n energy-consuming sector that consists of service-providing facilities and
equipment of: businesses; Federal, State, and local governments; and other private and public organizations,
such as religious, social, or fraternal groups. The commercial sector includes institutional living quarters. It
also includes sewage treatment facilities.” (EIA, 2019)
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10, 2008 for permits needed for the implementation date of January 1, 2009. Therefore,
the initial period of the carbon trading policy begins in 2009:Q1, which we use as the first
‘treatment’ period. We are also able to use variation in the intensity of treatment as the
cap on emissions was lowered from the original carbon cap in 2014. This second policy
intervention serves as our second treatment period. Our benchmark specification is shown
in equation (1).

yst = β0 + β1 RGGIs + β2 Begint + β2 CapLowert

(1)

+θ1 RGGIs ∗ Begint + θ2 RGGIs ∗ CapLowert
+µs + λt + t ∗ µs + πs Recession + εst

Note that while the panel is composed of state-period observations, models are estimated
separately by industry groups. The dependent variable yst is the labor market outcome of
interest for a particular industry in state s and quarter t. The binary indicator RGGIs is
equal to one for the 10 states within the initiative.11 Both Begint and CapLowert are policy
treatment indicators. Begint marks the introduction of the RGGI policy in 2009:Q1, and
is set equal to one until 2014 when the emissions cap reduction occurs and the indicator,
CapLowert , begins. Both θ1 and θ2 are our major parameters of interest as these capture
the treatment effect of the RGGI policy and subsequent tightening. Including both treatment variables allows us to measure how the RGGI policy has impacted the labor market
non-linearly over time through the initial implementation and tightening. We also include
the following fixed effects: state fixed effects (µs ), time period fixed effects by year and
quarter (λt ), state–specific linear time trends (t ∗ µs ), and state-specific recession effects
(πs Recession).12 The 2008-2009 financial crisis resulted in a recession that impacted all
11
12

We adjust for New Jersey’s exit from the RGGI in 2012.
National recessions are identified from the NBER. State-specific recession effects are then simply the
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economies, but likely had a differential effect across labor markets depending on industry
share in each state. We include state-specific recession effects to capture this unobserved
heterogeneity. All standard errors are clustered by state.

4.1

Results

We begin by measuring how the implementation and tightening of the carbon cap has affected
industries in the RGGI-area for the eight outcome variables of interest in the QWI at the
NAICS 4 Digit Industry level. The passage of the RGGI stands to first impact the utilities
industry, as this is the industry that is directly regulated and bears the statutory incidence
of new carbon expenses. Here, we determine how these policies have affected labor market
dynamics within the subcategories of the NAICS utilities sector (NAICS 22) as well as an
average estimate for spillover effects in all industries and all non-utilities industries.
Tables 1 and 2 show the difference-in-differences estimates for each treatment period for the
following groups: all industries, all non-utilities industries, electric power generation and
distribution (NAICS 2211), natural gas distribution (NAICS 2212), and water and sewage
(NAICS 2213). Therefore, these tables estimate the effect of the RGGI on all private-sector
establishments that are covered by UI records.
In both tables, the dependent variable is listed in rows of the first column. Column headings
in columns 2 to 6 identify the industry group for which the model is estimated. The cells
pertaining to each model display the parameter estimates for RGGIs ∗ Begint and RGGIs ∗
CapLowert (in order from the top) and clustered standard errors in parentheses.
We find no evidence that the passing of the RGGI carbon program, nor the eventual tightening of the carbon cap, affected employment or earnings in any industry. That is to say,
relative to non-regulated (non-RGGI areas), there is no evidence of jobs or earnings losses
interaction of state dummies and the recession indicator.
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due to the carbon trading program. This remains true when we look specifically to the
utilities sector and subsectors.
Turning to outcomes that reflect job and worker flows, we find some evidence that the job
creation rate has statistically increased in the RGGI-area due to the policy treatments. This
positive effect is found in aggregate for all industries and non-utilities industries, but the
magnitude of the effect is very small and economically close to zero. The estimate of 0.002 for
All Industries suggest that two additional jobs were created for every one thousand jobs that
currently exists. For comparison, the mean job creation rate across all industries is 0.098.
Parameter estimates with the electric power sector (columns 3 to 5) are also small and close
to zero but statistically insignificant. We do not find evidence of the job destruction rate
changing due to the RGGI policy treatments.
In Table 2, the three metrics that are most consistently statistically significant are the hire
rate, separation rate, and worker reallocation rate. We find that each policy treatment
effect led to increased movement of workers in aggregate and for all non-utilities sectors.
However, we fail to find any impact within the electricity industry with the exception of
an increase in separations within Natural Gas Distribution. Note that separations include
workers who quit, workers fired, and layoffs and it is not possible to distinguish this effect
between them.
The evidence so far points to little discernible effect of either the initiation of the RGGI or
the subsequent tightening of the RGGI carbon cap. Indeed, neither employment nor earnings
have meaningfully changed due to the policy changes. We do find some evidence of increased
churn in the labor market - hire rate, separation rate, and worker reallocation rate have all
increased in the RGGI area relative to the treatment free control group (non-RGGI states).
However, this is almost entirely restricted to non-utilities industries. To further discern if
the carbon permit trading system has impacted labor markets we refine our scope further
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to the NAICS 6 Digit Industry level using data from the QCEW. We highlight deeper
cuts of the electric power generation and distribution sector (NAICS 2211) by focusing
on: the Fossil Fuel Generation sector (NAICS 221112), Electric Bulk Power Transmission
and Control (NAICS 221121) and Electric Power Distribution (NAICS 221122). Table 3
presents the treatment effect estimates for both policy changes for these three sectors for
the following outcome variables: employment, weekly earnings, and the total number of
establishments.
In Table 3, the results are perhaps surprisingly muted. The fossil fuel electricity generation
industry should clearly be the industry most impacted by the RGGI. Parameter estimates
in this industry for both employment and earnings are all negative but far from statistically
different from zero. We find no effect on employment for either of the other two six digit
industries either. However, the initial implementation of the RGGI has a meaningfully
positive effect on earnings for electricity power transmission but not distribution. Similarly,
the number of establishments has increased in the electric power distribution industry due
to the RGGI. The positive effects of the RGGI in the last two columns, combined with
the null effect on fossil fuels, are somewhat perplexing since the RGGI is targeting inputs
in electricity production and not delivery. When estimating models for all other six digit
industries within Utilities Sector 22, no effect of the RGGI can be found.
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5

Robustness

5.1

First-order Effects and Carbon-price Transmission

The RGGI policy stands to affect industries within the utilities sectors differently based
on the carbon content of the input fuel source.13 Beyond this, the concern among some
policy-makers is the transmission of new costs (carbon permit expenses) into electricity
prices that may cause spillover labor market effects in industrial or commercial sectors.
Because electricity is an input to production, we seek to determine if the RGGI caused
higher electricity costs, and if it has, how have these costs affected labor demand? There are
two main channels that this may occur through: lower product demand because these costs
have been transmitted into the final price of the good (and hence lower derived demand for
labor), or through input substitution to offset increased production costs (labor as a gross
complement or gross substitute with electricity).
13

e.g. at the 6-digit NAICS sector-level we might expect employment at fossil fuel electric power generation
to be negatively impacted relative to other industries.
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The reason that the carbon cap allowance was adjusted lower in 2014 was that an over-supply
of natural gas occurred following the advent of new oil and gas production techniques.14 This
shock to natural gas supply brought wholesale prices down from the June 2008 high of $12.69
per million BTU to under $3.00 per million BTU in September of 2009.15 This drop in prices
lead to interfuel substitution away from coal which releases more CO2 per unit of heat than
natural gas. Indeed, much of the original emissions reductions goals were rendered moot
by unexpected market forces and the cap tightening was necessary for the policy to be
‘binding’.
Of particular importance to our study is the fact that natural gas-fired plants are often the
price-setters in electricity markets because they are the marginal plant that is called on in
merit-order dispatch of electricity. Thus, the settlement price for most hours of electricity
generation are dependent on the wholesale prices of natural gas. Because this over-supply of
natural gas occurred nearly concurrently with the RGGI policy introduction, there are two
conflicting forces at play that stand to impact electricity prices which we must account for:
natural gas abundance puts downward pressure on electricity prices while carbon expenses
stand to push prices higher. We identify our model using contemporaneous and lagged values
of the the wholesale price of natural gas, the Henry Hub price. Our identification strategy is
further aided by the inclusion of state fixed effects which capture unobserved heterogeneity in
pipeline infrastructure and electricity market regulation, and year and quarter fixed effects
which capture seasonal variation in pricing. The first stage of our instrumental variables
model is given by the following equation:

14

hydraulic fracturing or “fracking”
In some shale regions there have actually been negative upstream prices due to lagging pipeline infrastructure, and in many locations natural gas is burned off or ‘flared’ on site because it is not economically
viable to transport.
15
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ElectricityP ricest = γ0 + γ1 CarbonExpensest +

3
X

γ2+j HenryHubt−j

(2)

j=0

+β1 RGGIs + β2 Begint + β2 CapLowert
+θ1 RGGIs ∗ Begint + θ2 RGGIs ∗ CapLowert
+µs + λt + υst

Here we control for variation in the wholesale price of natural gas contemporaneously, and
up to 3 quarters in the past (HenryHubt−j ); We also control for state specific carbon expenditures (CarbExpensest ) each quarter, which is the amount of permits purchased multiplied
by the settlement price of permits in that quarter. We are also able to account for and
determine the treatment effect of the RGGI passing on electricity prices using the same
difference-in-differences design with two treatment dates.
The electricity price used in this first stage regression, ElectricityP ricest is from the EIA
data on state electricity profiles. In this data there are multiple price series that average
the prices faced by the industrial sector, the commercial sector, and the residential sector in
each state and quarter. For our analyses, we use data on industrial sector electricity prices
and commercial sector electricity prices which are aggregated by NAICS industry groups
according to EIA definitions.16,17
For the second stage, we augment equation (1) by adding predicted values from the first
stage estimation in equation (2). This empirical strategy modifies the interpretation of our

16

The industrial sector encompasses the following types of activity: “manufacturing (NAICS codes 31-33);
agriculture, forestry, and hunting (NAICS code 11); mining, including oil and gas extraction (NAICS code
21); natural gas distribution (NAICS code 2212); and construction (NAICS code 23).” (EIA, 2019)
17
The commercial sector is “[a]n energy-consuming sector that consists of service-providing facilities and
equipment of: businesses; Federal, State, and local governments; and other private and public organizations,
such as religious, social, or fraternal groups. The commercial sector includes institutional living quarters. It
also includes sewage treatment facilities.” (EIA, 2019)
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differences-in-differences model so that we estimate the effect of the RGGI holding constant
electricity prices which would otherwise be endogenous. The idea is that our estimates
of the effect of the RGGI are now holding constant substitution and scale effects associated with electricity prices changes that may have occurred with the implementation of the
RGGI.
Table 4 presents results from the first stage of the IV model. As expected, the wholesale
Henry Hub price is a strong predictor of industrial and commercial electricity prices. However, the implementation of the RGGI and lowering of the cap as well as total carbon permit
revenues collected (the variable, CarbonExpense) have no effect on industrial and commercial energy prices. This result is surprising but also may help explain the largely null effects
on labor market outcomes we have observed so far.
In Table 5 we present results from the full IV difference-in-differences for all labor market
dynamics while accounting for cost pass-through that may occur through the price of electricity. In these models, we provide three separate specifications: using observations from all
industries, using only NAICS sectors marked as ‘industrial’ by the EIA, and using NAICS
sectors marked as ‘commercial’ by the EIA.18
The treatment effect of interest is defined as the difference in the labor market dynamic in the
RGGI area before and after the policy intervention, relative to the treatment free non-RGGI
area over the same periods. These average treatment effects are, by construction, an average
of outcomes across all industries. To further refine each estimate we also limit our sample
to sectors defined as either industrial or commercial. In essence, this allows our treatmentfree comparison group to only be comprised of similarly defined sectors. For example, by
subsampling on the industrial sector we are comparing outcomes in the industrial sector in the
RGGI-area against the industrial sector in the non-RGGI area. When we pool all industries
together, the outcome for each labor market dynamic may mask differential impacts that are
18

In the ‘all industries’ specification the electricity price is still specific by EIA sector
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occurring by sector. As before, the RGGI appears to have no statistical effect on employment,
earnings or job reallocation. There is some evidence that employment has decreased in the
industrial sector following the policy implementation, though this is marginally statistically
significant. Positive effects remain for the hire rate and worker reallocation but the positive
effect on separations is largely wiped out. Furthermore, we find that there is a decrease in
the job destruction rate across industries and in the industrial sector that was not apparent
in Table 1. As a collection, these results suggest a beneficial impact of the RGGI on the
labor market, or at a minimum a non-negative impact on the labor market.
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5.2

Cross-border Spillover

A consistent finding in the literature discussing how the RGGI carbon market has effected
carbon dioxide emissions is that emissions are “leaking” to neighboring states. This policy
spillover effect occurs because electricity demand is relatively inelastic, and electricity production in the RGGI region is being replaced by new natural gas production nearby. Indeed,
Kim and Kim (2016), Fell and Maniloff (2018), Lee and Melstrom (2018) Chan and Morrow
(2019), and Roach and Gittings (2020) all show that electricity production and emissions
have increased at natural-gas-burning facilities. This occurs both in the ‘leaker’ region of
Pennsylvania and Ohio (Fell and Maniloff (2018) and Chan and Morrow (2019)), as well
as in states that are part of PJM balancing authority but are not signatories to the RGGI
(Roach and Gittings (2020)).
In addition to emissions leakage, it may be the case that employment in nearby states have
changed due to the RGGI policy. In accordance with the received literature, we would
expect this leakage to be most prominent in the fossil-fuel generating sector, though we still
examine all industries. To estimate cross-border spillover into labor markets we supplement
our primary model to include interactions that yield the difference-in-differences estimate of
the RGGI policy in two distinct regions: First, we include a dichotomous indicator variable
that is set equal to one for the states, Pennsylvania and Ohio. These have been dubbed
‘leaker’ states by Fell and Maniloff (2018) and Chan and Morrow (2019). Estimates for these
models are in the appendix as tables A1b, A2b, and A3b. We consistently find spillover in
the form of higher employment and earnings in all industries and all non-utilities industries
in this region. However, we believe these estimates may be capturing employment effects
that are due to the hydraulic fracturing boom in the Marcellus and Utica shale region, and
are not necessarily due to the introduction of the RGGI.19
19

New York is also above the Marcellus and Utica shale formations, but employment differences due to
the hydraulic fracturing boom are not expected because the state has banned the use of this production
technique.
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Because there is significant overlap between RGGI states and the PJM balancing authority,
we also estimate the model with additional interactions to capture the treatment effect of
the RGGI carbon market implementation and tightening in states that are not part of the
RGGI but are part of the PJM territory. Estimates for these models are in the appendix
as tables A1a, A2a, and A3a. This spillover group is more suitable than the prior ‘leaker’
region because both Pennsylvania and Ohio are part of the PJM territory, but importantly,
this territory includes Virginia which is not atop the Marcellus or Utica shale formations and
West Virginia which has nearly full coverage. In this specification we still find some evidence
of job market spillover in the first treatment period. Moreover, many of the labor market
dynamics that are affected by the implementation and tightening of the carbon market in the
RGGI area are only affected in the first policy treatment period in the PJM territory.

5.3

Control Group Selection

The average treatment effect of the RGGI carbon market on labor outcomes is defined as the
change in the RGGI area relative to the change over time in non-adopting states. Originally,
our analysis used the rest of the United states as a treatment-free comparison group. When
we separately accounted for states that are part of the PJM or Leaker territories we did not
find any statistically discernible differences in the RGGI region compared to the estimates
presented in Tables 1 and 2. It may still be the case that remaining treatment-free comparison
states are not an apt comparison group. We provide two checks to this claim. First, we
exclude California from the sample because they are the only other state to implement a
carbon permit trading system (Appendix tables A1c and A2c). Second, we limit the sample
to only include states that are part of the Eastern Interconnection system (Appendix tables
A1d and A2d). Electricity flows unimpeded within the Eastern Interconnection, and thus
these states are all subject to the same broad electricity market. Regardless of the treatmentfree comparison group, we find consistent parameter estimates for all difference-in-differences
29

estimates in the RGGI region relative to Tables 1 and 2.

5.4

Event-study Analysis

We now examine the validity of the parallel trends assumption in our setting using an eventstudy design. Our estimating equation now becomes the following:

yst = β0 +

t
X

h
i
θt RGGI ∗ I(Y earQuarter = t) + µs + λt + t ∗ µs + εst

(3)

t=t0
t6=2008Q4

Here, instead of two treatment indicators for the implementation of the carbon permit system
and the carbon cap tightening we include dummy variables for each period in the sample
(except 2008:Q4). In essence, we are estimating the how the RGGI region differs from nonRGGI regions in all periods relative to the quarter before the beginning of the carbon permit
system.
Here, we provide event-study images that plot the estimate and standard error for each
‘θt ’ for the 30 quarters preceding and following the implementation of the RGGI cap and
trade policy for the natural log of employment. Vertical bars mark the start of the carbon
permit policy in 2009 and the 2014 tightening of the carbon cap. Figure 1 shows the average
treatment effect estimates for all industries, all non-utilities industries, and the utilities sector
specifically. The results of this analysis confirm the prior findings. Event-study images for
all outcome variables are available in the appendix.
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Figure 2: Event-Study Model
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5.5

Utilities Sector Triple Difference-in-Differences

As a final robustness check, we leverage the richness of our data to dissect the changes in
our outcome variables relative to targeted and non-targeted industries within RGGI states
by estimating a triple difference-in-differences model. The targeted sector for the RGGI
carbon dioxide permit policy is the utilities sector. We thus compare changes in labor
market outcomes for the utilities sector against changes in other (non-directly-impacted)
industries that are in RGGI-adopting states, holding constant similar comparisons in nonRGGI-adopting states. Further, we include state-industry-specific trends to control for preexisting trends in the data.20 Our estimating equation is shown below.

yist = β0 + β1 RGGIs + β2 Begint + β2 CapLowert + β3 U tilitiesi
+β4 RGGIs ∗ Begint + β5 RGGIs ∗ CapLowert + β6 RGGIs ∗ U tilitiesi
+β7 U tilitiesi ∗ Begint + β8 U tilitiesi ∗ CapLowert
+θ1 RGGIs ∗ Begint ∗ U tilitiesi + θ2 RGGIs ∗ CapLowert ∗ U tilitiesi
+µis + λt + t ∗ µis + πs Recession + εst

In this model we still find no effect on employment or earnings, but now uncover changes
in the job destruction rate, separation rate, and job reallocation rate. Previously, these
labor outcomes were not statistically significant. The interpretation of these results is that
for every one thousand jobs, 10 jobs were destroyed in the utilities sector in the RGGI
region following the introduction of the RGGI policy relative to non-Utilities jobs in the
RGGI region, holding constant similar changes in the job destruction rate in the utilities
and non-Utilities sectors in the non-RGGI region.
20

Note, that the IV difference-in-differences model also includes state-industry trends.
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6

Conclusion

In this paper we analyze the labor market effects of the Regional Greenhouse Gas Initiative,
which is the first carbon emissions cap and trade policy in the United States. This is the
first empirical assessment of carbon dioxide emissions pricing in the United States. The
RGGI consists of an original coalition of 10 states that includes Connecticut, Delaware,
Maine, Maryland, Massachusetts, New Hampshire, New Jersey, New York, Rhode Island,
and Vermont. In 2012 New Jersey left the coalition, however the state is on track to to rejoin
the RGGI by 2020, and the state of Virginia has also made concrete steps toward joining the
RGGI. The first auction for emissions allowances occurred at the end of 2008 and the overall
emissions cap was revised and subsequently lowered in 2014 with future cap reductions now
more stringent than originally implemented.
The regional adoption of the RGGI and subsequent emissions cap reduction provide a unique
opportunity for researchers to understand how such a cap and trade policy on a larger scale
might affect workers and labor market outcomes. We adopt an empirical strategy that

33

exploits both regional variation in the emissions policy as well as variation in the emissions
cap over time. Our benchmark specification takes the form of a standard differences-indifference panel data model but specifically distinguishes the adoption of the policy and the
cap reduction.
The RGGI affects electricity producers who pollute directly since they must purchases permits to cover their CO2 emissions. However, the RGGI can potentially affect the labor
market more broadly across all industries and firms should electricity prices (an input to
production) in the commercial and industrial sectors rise significantly as a result of the
policy. Therefore, we also analyze the effect of the RGGI on commercial and industrial electricity prices directly, and adopt an instrumental variables approach so that we can account
for electricity prices in models that estimate the demand for labor and the reallocation of
workers and jobs in the labor market.
Our results suggest that the RGGI and cap reduction have had no statistical effect on
employment, earnings or job reallocation in neither the utilities sector nor any other industry.
The RGGI also does not seem to have had a significant effect on industrial or commercial
electricity prices. Alternatively, our results suggest the RGGI and the cap reduction have had
some positive effects on worker flows and job flows. We find that the RGGI has increased
the hiring rate, worker reallocation rate and job creation rate across most industries but
the effects do not accrue in many industries within the utilities sector. Furthermore, our
results suggest that the RGGI has statistically decreased the job destruction rate across
most industries as well. To be clear, however, while the parameter estimates are statistically
significant, the magnitude of the effects are relatively quite small everywhere.
Our research here is a step toward understanding the effect of the RGGI (and perhaps
more broad ranging policies like it) on markets, but this is not a straightforward policy to
evaluate and is accompanied with numerous confounding factors. For example, the carbon
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cap allowance was adjusted lower in 2014 because an over-supply of natural gas occurred
following the advent of new oil and gas production techniques. This shock to natural gas
supply brought wholesale prices down from the June 2008 high of $12.69 per million BTU to
under $3.00 per million BTU in September of 2009, from which natural gas prices have never
recovered. This drop in natural gas prices led to a substitution away from coal which releases
more CO2 per unit of heat than natural gas. Indeed, much of the original emissions reductions
goals were rendered moot by unexpected market forces and the cap tightening was necessary
for the policy to be ‘binding’. In addition, the 10 RGGI states do not operate within a closed
electricity market nor are these states even sole producers of their own electricity. The RGGI
states are part of a larger geographical group that services the Eastern Interconnection of
the electricity grid (comprised of nearly all of the eastern half of the U.S.). This means
electricity supplies flow in and out of RGGI states from electricity generation sites that are
not subject to RGGI regulations. These complications make local regulatory impacts of the
electricity market (such as the RGGI) difficult to analyze, since the localities are part a much
larger system.
Setting aside the challenges of analyses like this one for a moment, our results suggest the
disruptions of the RGGI appear to be minor and perhaps even beneficial. However, there is
additional reason for caution. Since the RGGI’s beginning, there have been more than 40
quarterly auctions in the 10 years of the policy’s existence. These auctions have collected
more more than $3.14 Trillion in revenues which have been proportionally dispersed back to
the state governments. For comparison, New Jersey’s 2018 fiscal year budget was about $36
Billion and New York’s 2018 total state operating funds (excluding federal subsidies) was
about $98 Billion. Broadly, these RGGI permit revenues have been used to fund activities like
energy efficiency audits and improvements, renewable energy development, and low-carbon
city services. From a revenue standpoint, firms are providing substantial payments to state
budgets. The direct cost to firms is meaningful and it is therefore somewhat puzzling as to
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why there do not appear to be any substantial consequences of this policy. Instead, taken
at face value, our results suggest that the RGGI tax revenue is not crowding out private
investment and is not raising electricity prices either. Given the challenges of evaluating
this policy, more research on the impacts of the RGGI is needed to confirm or reject our
findings.
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Appendix
Table 1: PJM States Included
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Table 1: Leaker States Included
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Table 1: California Excluded
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Table 1: Eastern Interconnection Only
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Table 2: PJM States Included
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Table 2: Leaker States Included
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Table 2: California Excluded
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Table 2: Eastern Interconnection Only
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Table 3: Leaker States Included
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