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In the absence of sustained federal leadership to address climate change, many US Received 13 May 2021
states and cities have implemented their own climate policies. In 2018, the State of =~ Accepted 29 March 2022
Hawai‘i set a goal of sequestering more greenhouse gases (GHGs) annually than
emitted no later than 2045. This study builds a Computable General Equilibrium C AT
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2021 federally-specified social cost of carbon, Hawai‘i's cumulative emissions would
decline by an additional 10% from 2025 to 2045. Changes in group welfare depend
heavily on whether carbon tax revenues are paid to households as equal-share
dividends or used for increased state spending. If revenues are returned to
households, the tax is progressive and benefits the average household in all five
income groups. This is primarily because visitors pay the carbon tax while on a
Hawai‘i vacation; their contributions amount to approximately one-third of collected
revenues. Our findings are relevant to tourism-intensive regions, economies with
demand-inelastic GHG-intensive export sectors, and island economies.
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Key policy insights

e A carbon tax for Hawai‘i set at the federal social cost of carbon - starting at $56/
MtCO2e in 2025 and increasing to $79/MtCO2e in 2045 ($2020) - would reduce
cumulative GHG emissions by 10% relative to the baseline from 2025 to 2045.

o When carbon tax revenues are paid as equal-share dividends to Hawai‘i households,
the incidence of the carbon tax policy is progressive across income groups (by
quintile).

» Carbon pricing with equal-share dividend payments results in net welfare gains for
all household income groups, in part due to the large visitor contribution to carbon
tax revenues.

e These findings are relevant to tourism-intensive regions, economies with demand-
inelastic GHG-intensive export sectors, and island economies.

o State government carbon pricing programmes that recycle revenues towards
households have the potential to mitigate GHGs and deliver broad benefits to
households, which could speed regional and national climate action.

CONTACT Makena Coffman 8 makenaka@hawaii.edu @ Institute for Sustainability and Resilience, Dept. of Urban and Regional Planning
and University of Hawai‘i Economic Research Organization, University of Hawai'i at Manoa, 2424 Maile Way, Saunders 113, Honolulu, HI 96822,
USA

@ Supplemental data for this article can be accessed at https://doi.org/10.1080/14693062.2022.2061405.

© 2022 The Author(s). Published by Informa UK Limited, trading as Taylor & Francis Group

This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial-NoDerivatives License (http://creativecommons.
org/licenses/by-nc-nd/4.0/), which permits non-commercial re-use, distribution, and reproduction in any medium, provided the original work is properly cited, and
is not altered, transformed, or built upon in any way.


http://crossmark.crossref.org/dialog/?doi=10.1080/14693062.2022.2061405&domain=pdf&date_stamp=2022-04-19
http://orcid.org/0000-0002-1287-0025
http://orcid.org/0000-0003-4690-6927
http://orcid.org/0000-0001-9853-9343
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:makenaka@hawaii.edu
https://doi.org/10.1080/14693062.2022.2061405
http://www.tandfonline.com

2 (&) M.COFFMANETAL.

1. Introduction

The Intergovernmental Panel on Climate Change (IPCC) finds that to stall the global warming trend at 1.5°C
requires immediate decarbonization and achieving net zero GHG emissions by approximately 2050 (IPCC,
2018). In the absence of sustained federal leadership to address climate change, many US states and cities
have implemented their own climate policies. In response to the Trump Administration’s decision to leave
the Paris Agreement, Hawai'i passed legislation in 2018 that set a goal of sequestering more GHGs annually
than emitted by no later than 2045 (HRS, 2018, §225P-5). Numerous studies have shown that putting an explicit
price on GHG emissions is an efficient means of abatement because it directly discourages GHG-intensive activi-
ties (Metcalf, 2021; Newell & Pizer, 2003; Nordhaus, 2007). Most research on carbon pricing focuses on federal
rather than state-level policy because it would more effectively capture upstream sources of GHGs as well as
lessen possibilities for leakage and loss of competitiveness by a single state (Caron et al., 2015). However,
because there has been little political appetite for US federal carbon pricing, thirteen states have developed
regional carbon markets.

We built a Computable General Equilibrium (CGE) model of Hawai'i to explore the role of state-level carbon
pricing to meet the objective of decarbonizing by 2045. The Hawai'i CGE (H-CGE) model represents economic
and GHG flows, including patterns of household spending organized by income quintile, and important market
aspects of Hawai'i's tourism-dominated economy. The baseline model accounts for existing policies that also
reduce GHGs, most notably Hawai‘i's Renewable Portfolio Standard (RPS). We run two scenarios, both incorpor-
ating a carbon tax set at the social cost of carbon (SCC) estimate adopted by the Federal Interagency Working
Group on the Social Cost of Greenhouse Gases. The carbon tax starts at $56/MtCO2e in 2025 and increases to
$79/MtCO2e in 2045 ($2020) (EPA, 2016; Interagency Working Group, 2021)." In the first scenario, carbon tax
revenues are used to fund general state government expenditures and, in the second scenario, carbon tax rev-
enues are returned to households in equal-share dividend payments.

We find that a carbon tax for Hawai'i set at the federal SCC would reduce cumulative GHG emissions by an
additional 10% from the baseline over the 2025-2045 study period. Visitors to Hawai‘i would pay roughly a third
of the carbon tax revenues. Consequently, when carbon tax revenues are paid as equal-share dividends to
Hawai‘i households, we find that the welfare of each household income group improves, with proportionately
more benefit accruing to lower-income households. This is an important finding for a state-level approach, as
GHG mitigation policies that broadly benefit households can help to generate additional regional and national
climate action that is necessary to tackle the global climate crisis.

2. Background and literature review

As of May 2021, 64 carbon pricing programmes have been implemented or planned, covering 22% of global
GHG emissions (World Bank, 2021). Most carbon pricing programmes are at the national level because
raising the cost of GHG emissions in one region can result in an increase in emissions from GHG-intensive activi-
ties in other regions without or with lower carbon prices.? Slow adoption of carbon policies has led to the estab-
lishment of important sub-national programmes, both in Canada and the United States. In 2008, British
Columbia adopted a carbon tax that was set to US$34/MtCO2e in April 2021. Several other Canadian provinces
have similar programmes, though with smaller tax rates than British Columbia. The Canadian federal govern-
ment in 2020 implemented a minimum carbon tax, starting at US$$22/MtCO2e.? In the United States, the
longest-standing carbon pricing programme is the Regional Greenhouse Gas Initiative (RGGI), a cap-and-
trade programme for the electric power sector covering eleven Northeastern states (RGGI, 2019). California
developed a cap-and-trade programme and is currently linked to Québec’s carbon market via the Western
Climate Initiative (WCI, 2022). The Washington State Legislature passed a cap-and-trade measure in April
2021 after Washington voters twice rejected ballot measures for a carbon tax (Carattini & Sen, 2019; Washington
State Legislature, 2021). The State Climate Policy Network shows carbon pricing legislation has been introduced
in 19 states, but only Washington’s most recent legislation has become law (ClimateXChange, 2021).

Despite the number of sub-national governments considering carbon pricing, there are relatively few studies
estimating the economic and GHG impacts of these policies. Studies of carbon tax proposals for Rhode Island
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(CADMUS, 2021), Oregon (Liu et al., 2014; Liu & Renfro, 2013), and Washington (Mori, 2012) use Mori’s carbon
tax assessment model (CTAM) or input-output models. CTAM is an elasticity-based model that provides partial
equilibrium results with a focus on GHG-intensive sectors. Input-output models take a more economy-wide
approach, yet lack price feedback. What the CTAM or input-output models gain in user-friendly features
comes at the expense of more comprehensive estimates of adjustments by consumers and producers,
which are captured by more completely-specified CGE models. CGE is the preferred method to assess the econ-
omic implications of tax interventions because it captures producer-side and consumer-side impacts, linkages
among sectors, as well as full price feedbacks (Goulder et al., 2019). Two studies (Hafstead, 2020; Hafstead et al.,
2019) use CGE models to assess the impacts of carbon pricing in Colorado and Vermont.

A particular benefit of CGE modelling is that it captures changes in prices paid by consumers due to carbon
pricing, as well as changes in household consumption, capital income, labour income, and government trans-
fers due to carbon pricing. The consumer price effects are often called ‘use-side’ impacts and the income effects
‘source-side’ impacts. A commonly stated reservation to carbon pricing is that it disproportionately harms
lower-income households, i.e. is regressive in its incidence (Farrell, 2017; Metcalf, 2021; Wang et al., 2016). It
is well-documented that carbon pricing is regressive when only use-side impacts are considered because a
carbon tax increases prices of GHG-intensive goods and services that constitute a larger share of spending
by lower-income, rather than higher-income, households (Burtraw et al, 2009; Dissou & Siddiqui, 2014;
Goulder et al., 2019; Hassett et al., 2009; Metcalf et al., 2008; Rausch et al., 2011). However, studies incorporating
source-side impacts show that carbon pricing can be progressive (Goulder et al., 2019; Rausch et al., 2011; Wil-
liams et al., 2015). Source-side impacts, generated by changes in household capital income, labour income, and
transfers, are typically progressive because carbon pricing reduces capital income, which primarily accrues to
higher-income households. In addition, when carbon tax revenues are paid to households in equal-share divi-
dends, higher-income households with higher consumption of GHG-intensive goods and higher carbon tax
payments will have larger net tax burdens than lower-income households (Goulder et al., 2019).

Beck et al. (2015) use a CGE model to study British Columbia’s carbon tax and find that the carbon tax inci-
dence is progressive, even prior to considering payment of dividends to households. Using a CGE model for
Australia, Sajeewani et al. (2015) find that a carbon tax has a mildly progressive tax incidence both with and
without payment of carbon tax dividends to households. Using a CGE model for the United States, Goulder
et al. (2019) find that the average household in the lowest 20% of the income distribution would experience
net welfare gains from a US carbon pricing policy if revenues were returned to households in equal shares.
For Vermont, Hafstead et al. (2019) find that the lowest two household income quintiles would experience
net welfare gains if carbon tax revenues are returned to households in equal shares.” Lastly, Sabine et al.
(2020) use a CGE model to assess impacts of carbon taxation for La Réunion, a fossil fuel-dependent island
with strong renewable energy goals. Using a single representative household, which precludes analysis of dis-
tributional effects, Sabine et al. find that the carbon tax has a contractionary economic impact that is amelio-
rated by returning revenues to the household.

2.1 Existing GHG reduction efforts in Hawai‘i

The State of Hawai'i has adopted several policies intended to mitigate its contribution to global GHGs. Nearly
90% percent of Hawai‘i's GHG emissions are attributable to the energy sector; its emissions are split between
stationary energy (mainly electricity) and transportation (ICF & UHERO, 2019). The most influential policy tool
currently in place to reduce GHG emissions is the state’s RPS, which requires Hawai'‘i utilities to reach 100% of
net electricity sales from renewable sources by 2045. There are interim targets of 30% in 2020, 40% by 2030, and
70% by 2040. Electricity generation in Hawai‘i differs from the continental United States because 60% is gen-
erated with petroleum. The one existing coal-fired power plant is scheduled to shutter in 2022 (PUC, 2021).
Renewable energy sources currently account for a quarter of the generation mix (EIA, 2020a; PUC, 2019).
Whereas stationary GHG emissions have declined from 2010, transportation-related GHG emissions have
continued to rise (ICF & UHERO, 2019). Hawai'i has implemented a patchwork of policy tools aimed at increasing
the adoption of electric vehicles (EVs), with 1% of registered vehicles in 2019 being EVs (DBEDT, 2021). Beyond
federal and state gasoline taxes, the Environmental Response, Energy, and Food Security Tax imposes $1.05 on
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each barrel of petroleum, and a 19 cent/MMBtu tax on non-petroleum fossil fuels. This tax rate is equivalent to a
carbon tax of about $2.40/MtCO2e.

3. Methods

Our H-CGE model is built upon four primary datasets: the State of Hawai‘i Input-Output (I-O) Study (DBEDT,
2016), the US Consumer Expenditure Survey (CES) (BLS, 2019), the Hawaii GHG Inventory (ICF & UHERO,
2019), and statewide economic data for gross state product and visitor spending (DBEDT, 2018; UHERO,
2020). Hawai‘i is mainly represented as a small open economy, meaning that it is a price-taker on US and
global markets, with one important exception. Tourism is Hawai'i’s largest private-sector industry, providing
services to 10.4 million visitors in 2019 (HTA, 2020). Studies on tax interventions in the Hawai‘i tourism
market show that the industry benefits from an inelastic demand for Hawai'i vacations (Bonham & Gangnes,
1996; Fuleky et al., 2014).

H-CGE is a recursive-dynamic model that represents the flows of goods and services through Hawai‘i’s
economy. H-CGE is initially calibrated to 2012 and updated to 2016 and 2019. These years are selected to
connect H-CGE to the available GHG data (2016) and the last year (2019) of complete economic data prec
eding severe shocks to the Hawai'i economy from the COVID-19 pandemic. The model is then projected in
five-year intervals from 2025 to 2045.

The I-O data detail expenditures across 68 economic sectors from a representative household and visitor. For
tractability, we aggregate the 68 economic sectors into 16. To examine the distributional effects of a carbon tax,
we follow Goulder et al. (2019) and use the US CES to disaggregate the representative household into five
groups of households based on income quintiles. This section describes the data, structure of the model, base-
line assumptions, and the two carbon tax scenarios. The Appendix provides further details.

3.1 An overview of the Hawai‘i economy

Spending by Hawai'i residents is concentrated on services (36%), real estate and rentals - i.e. housing (20%),
imports (16%) and wholesale/retail trade (13%). About 3% of spending goes to electricity and 4% to petroleum
products, such as gasoline for private vehicle transportation. Visitor spending was $16 billion in 2012 ($2020),
about one-third of resident spending; it goes to accommodations and restaurants (52%), air transportation
(13%) and wholesale/retail trade (13%).> Direct spending by residents and visitors is shown in Figure 1.

3.2 Household spending by income quintiles

Table 1 shows the pattern of spending across sectors for households in each income group. Expenditure cat-
egories in CES data are matched to the 16 economic sectors for H-CGE. This allows us to estimate expenditure
shares by sector and sort household spending by quintiles of before-tax income (BLS, 2019).°

Across all Hawai‘i income quintiles, the largest proportion of household expenditures goes to real estate
and rentals (i.e. housing), services, and wholesale and retail trade. There are some notable differences in
expenditure shares across households: lower-income households spend a larger share of their income on
petroleum (i.e. gasoline) and electricity compared to the highest income quintile, while the opposite
holds for spending on air and water transportation. Direct expenditures on water transportation are
skewed towards upper-income households primarily because they include expenditures on recreational
boating.

Though lower-income households devote a larger proportion of their spending to key energy and GHG-
intensive sectors, it is higher-income households who spend more money on these sectors. The highest-
income quintile accounts for 32% of all household expenditures on petroleum products, such as gasoline,
versus 10% for the lowest quintile household; 26% versus 14% for electricity; 31% versus 12% for gas; 58%
versus 1% for water transportation; 52% versus 5% for air transportation; and 39% versus 10% for ground trans-
portation services.
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Figure 1. Total Expenditures by Visitors and Residents by Sector. Note: Visitor spending on gasoline is included in the petroleum category and

is not visible in the figure as it is less than 1% of spending on petroleum products.

Table 1. Percentage of Household Expenditures by Sector by Income Group.

Lowest Second Middle Fourth Highest
Sector Fifth Fifth Fifth Fifth Fifth
Petroleum 4.3% 4.5% 4.5% 4.2% 3.1%
Electricity 4.6 4.0 33 2.7 19
Gas 0.3 03 0.2 0.2 0.2
Water Transportation 0.0 0.1 0.1 0.7 0.6
Air Transportation 0.6 0.8 0.8 1.0 14
Ground Trans. Services 0.8 0.8 0.7 0.6 0.7
Agriculture & Forestry 0.9 0.8 0.7 0.7 0.5
Wholesale/Retail Trade 11.0 14.0 13.0 13.0 13.0
Real Estate & Rentals 25.0 22.0 21.0 20.0 18.0
Other Manufacturing 19 25 2.1 19 1.6
Other Services 29.0 31.0 34.0 36.0 39.0
Federal Government 3.8 2.5 2.0 1.5 0.8
State & Local Government 4.2 2.8 2.2 1.6 0.9
Imports 13.0 14.0 16.0 16.0 18.0
Sum 100% 100% 100% 100% 100%

Note: Some columns do not add to 100% due to rounding. Sectors not shown have no direct household expenditures.

3.3 Linking to GHG emissions

H-CGE incorporates GHGs from the combustion of fossil fuels in Hawai‘i and those associated with domestic
transportation fuel sold in Hawai'i, e.g. fuel for flights to the US mainland and intra-state destinations. This

covers 81% of total statewide GHG emissions.

To operationalize relevant GHG emissions in H-CGE, we divide them into their fossil fuel source, and map
fossil fuel quantities to the economic sectors in the I-O Table. Figure 2 presents the baseline GHG-intensity

of sectors with substantial emissions.
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Figure 2. GHG Intensity of Economic Sectors with GHG Emissions at least 0.01 MMtCO2e/$Billion."®

As measured by GHGs per dollar of output, electricity is the most GHG-intensive sector in Hawai'i, fol-
lowed by air transportation and water transportation. Far behind these sectors are ground transportation
services and other manufacturing. Petroleum manufacturing - refining and processing - is less GHG-inten-
sive only because its emissions are primarily attributed to the sectors in which petroleum products are
burned. Twenty-five percent of baseline GHG emissions from direct and indirect consumption are attrib-
uted to visitors to Hawai‘i. This estimate is similar to an earlier estimate of 22% for 1997 (Konan &
Chan, 2010).

3.4 Key baseline model assumptions

The H-CGE model is projected forward based on two key parameters: gross state product and visitor spending.
Historic data are used between 2012 and 2019 (UHERO, 2020) and forecasts thereafter. Though we do not solve
the model for the year 2020, we account for the severe effect of the global pandemic on the Hawai'i economy in
our baseline forecast of economic recovery and growth by assuming that gross state product and visitor spend-
ing do not recover to 2019 levels until 2025. This approach is informed by a combination of several short-term
macroeconomic outlooks (DBEDT, 2020; UHERO, 2021). After 2025, we assume that the Hawai‘i economy
returns to steady-state growth as represented by a long-run forecast of Hawai‘i gross state product to 2045
(DBEDT, 2018).

The baseline model also incorporates measures of federal and state policies and trends that directly
influence GHG emissions in Hawai‘i. These include the state RPS, federal vehicle fuel economy standards,
and sector energy efficiency (ICF & UHERO, 2019). Using Hawaiian Electric’s (the sole electric utility on five of
the six largest islands) demand projections and generation plan for both distributed energy and total electricity
generation, we estimate that the RPS will result in 29% of electricity generated through renewable sources in
2025 and 72% by 2045 (Hawaiian Electric, 2020; PUC, 2016).” This provides a baseline constraint for minimum
renewable energy generation in the model. Similarly, H-CGE incorporates two types of light-duty vehicles: gaso-
line-powered vehicles and EVs. Forecasts for EV adoption vary widely, so we take a forecast halfway between
national and state forecasts (EIA, 2020b; Hawaiian Electric, 2020). This implies that EVs as a percentage of cars on
the road increase from 3% in 2025 to 34% by 2045. Lastly, we use estimates of improvements in exogenous
energy efficiency in major sectors reported in the US Annual Energy Outlook 2020 (EIA, 2020b). Annual esti-
mates range from 0.5% for petroleum in the commercial sector to 2.5% for electricity in the commercial
sector. See the Appendix for estimates for other sectors.
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3.5 Scenarios

Our analysis covers two carbon tax policy scenarios. Both estimate the impacts of a carbon tax set at the federal
SCC (Table 2) but differ in their assumptions regarding the use of carbon tax revenues. The carbon tax is
assumed to be levied at the point of import of fossil fuels to the state, with exceptions made for military
and international sources of transportation fuel.

In the first scenario, SCC with Government Spending, the state government collects carbon tax revenues and
spends them based on existing government spending patterns. In the second scenario, SCC with Equal-Share
Dividends, the state government collects carbon tax revenues and redistributes revenues - all except those
from taxation of aviation fuel - as equal-share dividend payments to Hawai‘i households. The state spends rev-
enues from the taxation of aviation fuel according to federal restrictions on the use of tax revenues from avia-
tion fuel ®

4, Results
4.1 GHG emissions

Targeted GHG emissions in 2016 amounted to 15.8 MMtCO2e (ICF & UHERO, 2019). We expect baseline GHGs to
fall to 13.4 MMtCO2e by 2025 - resulting from the mandated closure of O‘ahu’s coal-fired power plant and the
assumption of zero overall economic growth from 2020 to 2025 due to the pandemic. From 2025 to 2030, base-
line emissions are estimated to increase because economic growth outpaces the increase in the RPS and
improvements in energy efficiency. Between 2030 and 2045, baseline emissions trend downward as the RPS
target increases and transportation becomes more electrified. Aviation emissions are estimated to rise over
time and by 2045, they make up the largest portion of emissions (see Figure 3).

Figure 4 displays the change in emissions by sector from the baseline due to imposition of the carbon tax set
at the level of the federal SCC (Table 2). There is an additional seven percentage point reduction in GHG emis-
sions relative to baseline levels in 2025 and a 13 percentage point reduction in 2045. Figure 4 displays only GHG
impacts in the SCC with Government Spending scenario because impacts are similar in both scenarios.’

The largest sources of GHG reduction come from ground and air transportation. In the electricity sector, the
RPS constraint continues to be binding in terms of requiring renewable sources of electricity generation.
However, additional reductions in the electricity sector's GHG emissions are achieved with the carbon tax
because it prompts more efficient use of fossil fuel units. Together, the relative impact of the carbon tax on
electricity sector costs is minimal. On the other hand, increased gasoline prices cause both a reduction in
vehicle travel and an increase in EV adoption. We estimate that EVs as a percentage of total vehicle miles
trave led will increase by eight percentage points in 2045 relative to the baseline — from 34% to 42%.

4.2 Macroeconomic and sector impacts

The introduction of the carbon tax causes a small contraction of the Hawai'i economy. Figure 5 shows the
impact of the carbon tax on total output, visitor spending, imports, and exports. Because results are similar
in the two scenarios, results are shown only for the SCC with Government Spending scenario.

The carbon tax causes a reduction of total economic output of 0.6% in 2045 relative to the baseline and the
contraction reduces the demand for imports.'® Non-tourism exports experience the largest relative impact with
a decline of almost 5.0% in 2025 and 5.7% in 2045. The disproportionate impact occurs because prices of export
goods rise relative to the price of goods produced outside of Hawai'i, causing a loss of competitiveness for
Hawai‘i's non-tourism exports, such as cut flowers and other agricultural products. However, non-tourism
exports comprise only a small portion (4%) of the Hawai‘i economy. Total visitor spending, Hawai‘i’s largest

Table 2. US Federal Social Cost of Carbon, 2025-2045 ($2020/MtCO2e).
Year 2025 2030 2035 2040 2045
Social Cost of Carbon $56 $62 $67 $73 $79
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Figure 4. Change in GHG Emissions from the Baseline by Sector (SCC with Government Spending), MMtCO2e. *Includes ground transportation
services and personal vehicle travel.

export, is estimated to decline by only 0.3% by 2045."" Visitor spending changes only modestly due to inelastic
demand for Hawai'i vacations (Fuleky et al., 2014).

Table 3 shows the share of carbon tax revenues paid by visitors, which increases from 27% in 2025 to 36% in
2045. The visitor share of total GHG emissions also increases over time because the emissions intensity of air
travel is expected to decline less than that of other sectors, and the majority of emissions attributed to visitors
comes from air travel.

At the sector level, the carbon tax has the largest proportional impact in water (marine) transportation indus-
tries, with economic output falling by more than 17% in 2045 relative to the baseline. Water (marine) transpor-
tation encompasses interisland shipping as well as recreational/commercial activities, the largest decline in
output coming from the latter. Petroleum manufacturing, the gas sector, and air transportation also decline
substantially - falling by ten, eight, and seven percent, respectively, compared to the baseline in 2045.

0%

Visitor Spending

------ Total Output
-1%
== == [mports

Exports
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-6%

-7%
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Figure 5. Economic Impacts of the Carbon Tax (SCC with government spending), Percent Change from Baseline.
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Table 3. Share of Total Tax Revenue Paid by Visitors.
Year 2025 2030 2035 2040 2045
Visitor Share (%) 27% 28% 29% 31% 36%

Output in the electricity sector, on the other hand, grows by two percent in 2045 as demand for power rises due
to transportation becoming more electrified.

4.3 Household impacts: with and without dividend payments

The carbon tax affects households quite differently in each of the two scenarios.'? Figures 6 and 7 display the
change by quintile in household welfare of a carbon tax in the SCC with Equal-Share Dividends and SCC with
Government Spending scenarios. Results are shown for disaggregated source-side and use-side welfare
impacts, as well as net welfare. The net welfare change is the sum of the source-side and use-side welfare
impacts.

Similar to prior CGE analyses of carbon pricing that focus on distributional impacts, we find negative and
regressive use-side impacts. However, unlike Beck et al. (2015) and Goulder et al. (2019), we find that
source-side impacts are only progressive in the SCC with Equal-Share Dividends scenario. This is in part
because the Hawai'i economy has a relatively small manufacturing base. If source-side impacts are boosted
by using carbon tax revenues to pay equal-share dividends, they become increasingly positive as well as pro-
gressive because the dividend represents a greater share of income for lower-income households. Moreover,
we find that, in the case of Hawai‘i, the carbon tax scenario with equal-share dividends not only results in pro-
gressive changes in net welfare, but positive changes in net welfare across all household income groups.
Goulder et al. (2019) and Hafstead et al. (2019) find that the lowest two income quintile households would
have positive net welfare in their respective analyses for the United States and Vermont. Beck et al. (2015)
find that net welfare is progressive though negative across all household income groups for British Columbia.
Sabine et al. (2020) finds that revenue redistribution to the representative household in La Réunion was not
enough to fully compensate for welfare loss.'® By contrast, we find that with a carbon tax set at the federal
SCC, the average household in the lowest income quintile experiences a welfare gain of 1.8% in 2025 and
1.0% in 2045. Welfare gains are considerably smaller for the highest-income quintile, though still positive.
Our finding is driven by the influential role of visitor spending in the Hawai‘i economy and visitor contributions
to carbon tax revenues.'*

2.5% mQl
mQ2
oQ3
0Q4
oQs

2.0%
1.5%
1.0%
0.5%
0.0% . ! l 1 1 - L _ _ _
g L

-1.0%

Percentage Change from Baseline

2025 2030 2035 2040 2045 ‘2025 2030 2035 2040 2045 ‘2025 2030 2035 2040 2045‘

Source-side ‘ Use-side ‘ Net ‘

Figure 6. Source-Side, Use-Side and Net Welfare Change from Baseline by Income Quintile (SCC with Equal-Share Dividends).
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Figure 7. Source-Side, Use-Side and Net Welfare Change from Baseline by Income Quintile (SCC with Government Spending).

5. Conclusion

Economists have argued for national carbon pricing to effectively address carbon emissions. With the lack of
action by the US government, questions arise about the impacts of state-level implementation of carbon
pricing. By modelling the impacts of a carbon tax in Hawai'i, our study informs ongoing discussions of regional
carbon pricing, with implications beyond the Hawai'i context. First, our state-level CGE model could be adapted
to evaluate proposals in other states with carbon pricing policies before their legislatures. The structure of H-
CGE has particular relevance for other states with large tourism sectors possessing some market power, e.g.
Nevada, Louisiana, and Alaska. The model also has relevance to other island economies that, like Hawai'‘i, gen-
erate all of their own electricity and, because they are part of larger political federations, have limited ability to
impose border adjustment taxes. US-affiliated examples include Guam, the Northern Mariana Islands, Puerto
Rico, and American Samoa. For sovereign island nations — such as Jamaica, Sri Lanka, Tonga, and Fiji, the H-
CGE model could be modified to impose relevant trade adjustments.

If Hawai‘i were to adopt a carbon tax at the level of the 2021 federal SCC, Hawai‘i's cumulative emissions
would decline by 10% over twenty years, over and above reductions from other policies already in place. In
the absence of a national approach to address the global climate crisis, such state programmes could prove
to be valuable demonstration projects that would help catalyze further climate action. This is important
because our results strongly suggest that the goal of deep decarbonization is unlikely to be realized solely
by the imposition of a carbon tax set at the SCC price by a state government. However, if more states adopt
a carbon tax, then the likelihood increases that regional cooperation will emerge and facilitate the adoption
of a common carbon price.'® Thus, state and regional actions to enact carbon pricing could pave the way to
the adoption of a national programme.

Notes

1. We use the SCC value with a 3% discount rate. The SCC is commonly used by researchers as an estimate for global GHG
externality costs (Borenstein & Bushnell, 2021; Holland et al., 2021; Rennert et al.,, 2021). Several studies find that the
federal SCC underestimates the social cost of greenhouse gas emissions. More comprehensive inclusion of expected environ-
mental damages as well as incorporation of uncertainty yield substantially higher estimates (Bastien-Olvera & Moore, 2020;
Cai et al., 2013; IPCC, 2014; Ricke et al., 2018).

2. A carbon price levied at the national level can address emissions leakage through a trade adjustment mechanism, whereas a
state government is prohibited from imposing a trade adjustment mechanism on domestic and international trade (Fowlie &
Reguant, 2022; Kaufman et al., 2020).
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Murray and Rivers (2015) and Metcalf (2019) demonstrate that the British Columbia carbon tax reduced emissions by 5-15%.
Bistline et al. (2018) found substantial leakage of GHG emissions in the electric sector in provinces with carbon pricing pro-
grams, thus leaving room for a federal carbon tax to reduce leakage and overall emissions in Canada.

In the CGE analysis for Colorado, Hafstead (2020) finds that a Colorado cap-and-trade program is more effective than sector-
based policies and performs better when it is linked to multi-state carbon pricing programs such as the Western Climate
Initiative. The CGE model does not incorporate distributional effects of costs and benefits by income group and does not
allow for revenue recycling to households.

‘Accommodations and restaurants’ is part of the ‘Other services’ category in Figure 1.

Though we impose a national representation of the distribution of expenditures across income quintiles, the disaggregated
data reflect Hawai‘i-specific spending patterns based on the initial representative household. For example, the data capture
the higher expenditures on such goods as housing by Hawai‘i households relative to US households. We also use Goulder
et al. (2019)’s summary of the 2013 Survey of Consumer Finances to construct quintile-specific endowments for labor,
capital and transfer income. See Appendix for details.

Customer-sited, grid-connected sources are counted in the numerator of the RPS target as renewable energy generation, but
excluded from the denominator which reflects total sales. This results in the RPS target being larger than actual renewable
energy generation.

This assumption is due to the Anti-Head Tax Act (49 U.S.C. § 40116), a federal statute regulating state taxation of the airline
industry.

Relative to the SCC with Government Spending scenario, the SCC with Equal-Share Dividends scenario has a slight rebound in
GHG emissions because of improved economic conditions (discussed below). The GHG increases are extremely small,
amounting to 0.4% between 2025-2045.

In the SCC with Equal-Share Dividends scenario, total output is 0.2% higher in 2045 relative to the SCC with Government Spend-
ing scenario.

This analysis assumes a constant elasticity of substitution for travel to Hawai'i versus all other goods of 0.25. See Fuleky et al. (2014).
Our measurement of household welfare is based on equivalent variation, as described in Goulder et al. (2019).

Using the Treasury Distribution Model, Horowitz et al. (2017) conclude that a US carbon tax set at the federal SCC would
decrease after-tax income for all household income groups, though the changes become progressive when dividends pay-
ments are made to households. Welfare analyses are sensitive to assumptions about the level of carbon tax rates.

Though outside the scope of our analysis, we posit that estimated welfare gains would be strengthened should carbon
pricing change consumer perceptions of a Hawai'i vacation. For example, tourists could perceive a Hawai'‘i vacation to be
a ‘green good’ and therefore a more desirable destination (Chan & Kotchen, 2014).

. Nordhaus (2015) discusses the formation of ‘climate clubs,’” both relevant to multi-region cap-and-trade and carbon tax

regimes, and concludes that they can help to overcome free-riding problems in the establishment of more stringent GHG
abatement programs. Without penalties for non-members, however, club arrangements are fragile and subject to defection
by members.

Based on the I-O Table ($2012). Aviation and water transportation-related GHGs cover domestic sources only.
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