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Abstract: We investigate the potential for double or even multiple dividends arising from a
climate and energy tax reform (CETR), using a regional computable general equilibrium model.
Such dividends indicate if government revenues raised from energy-related environmental taxes and
recycled back to households or industries through (regional) social security contributions will yield
welfare gains larger than gross cost. Building on existing double dividend theory, we broaden the
scope by considering both social and regional aspects of a CETR. We explore the use of household
transfers and regional payroll taxes as recycling instruments and investigate to what extent wage
formation on the labor market has an effect. For Norway, our results indicate that a CETR may
conflict with sub-national policy goals under all assessed scenarios. In particular, this holds for
income inequality. Although our analysis concerns the social, economic and environmental aims of a
Norwegian policy, the approach can be generalized to, e.g., a European context.

Keywords: climate and energy tax reform; regional CGE analysis; double dividend; labor market

1. Introduction

Today, there is a general consensus that carbon and other emissions must be reduced. The COP21
Paris Agreement in 2015 has now been signed by 195 countries, representing a major step towards
binding National Determined Contributions to reach the two-degree Celsius target. Important
instruments on this way are climate and energy taxes, penalizing the use of polluting materials
such as petroleum and gas products. Still, politicians are often hesitant, implementing only minor
revisions to existing tax systems. For example, the sum of all energy-related taxes in Norway increased
by only 1.9% from 2015–2016 [1]. One explanation for this hesitance may be recession concerns, because
a country with more ambitious climate and energy tax reforms (CETRs) than its trading partners may
fear for its business competitiveness. As the adoption of climate taxes has yet to occur at a global level,
it is likely that firms operating in countries with higher taxes will lose market shares to competitors
that do not have to account for high taxes. In contrast to these statements, Ekins and Speck [2] argue
that energy-/environmentally-intensive sectors should feel pressured by such tax reforms. However,
with a sufficient supporting scheme, there should be no reason why these sectors should not make
environmental improvements that will maintain their competitive position. Additionally, several
papers refer to an environmental Kuznets curve (EKC) [3–5]. Based on empirical data, they experienced
that, at a certain threshold level of per capita GDP, further economic development is not associated
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with a deteriorating environment. On the contrary, it may even be improved. Hence, the claim that
economic growth affects the environment only negatively is not necessarily true.

According to Goulder [6], imposing a specific tax on a product group may in certain
economic situations have positive climate or environmental (first dividend) and economic effects
(second dividend), leading to a double dividend (DD) effect. Hence, theory on double dividends
indicates that policy makers should not necessarily be worried about negative macro-economic
outcomes of a revenue-neutral CETR, as positive effects may arise elsewhere. For example, double
dividend concepts played a significant role in the Norwegian Green Tax Commission’s environmental
policy advice [7].

At a sub-national level, implementing a common CETR in all EU countries may affect regions
that are already lagging behind more adversely by adding another tax burden. This conflicts with
the EU’s cohesion policy [8], aiming at a reduction of economic and social disparities between
regions. The effects of a CETR on a regional economy may materialize through several channels.
For example, increasing consumption tax on oil fuels and petrol products may have consequences for
household income dispersion, regional income distribution and regional industry composition. First,
for low-income households, the taxed products may have a larger budget share. Consequently, the tax
increase affects households differently, expanding the range of income dispersion. Moreover, different
income groups have varying factor endowments (capital, labor skill levels and public transfers), and
an adverse impact of the tax on factor prices can also lead to changes in income dispersion [9–12].
Second, household groups are not distributed evenly across the regions such that a CETR may have
negative (regional) distributional effects. Third, industries are likely to depend on taxed products in
some regions more than in others, hence carrying a larger tax burden. This affects regional industry
composition and, in turn, regional development [11,13].

Similar to the EU’s cohesion policy, Norwegian regional policy seeks to reduce social disparities
between regions and to prevent depopulation of rural areas. A national, non-differentiated CETR
may counteract these goals, leading to political controversies. The existence of a DD at an aggregated,
national level may not allay individual policy makers’ concerns for their region. For example, the 2017
consumption tax increase on oil fuel products was criticized by the rural party Senterpartiet [14].
They claimed that consumers in rural areas, with longer travel distances and less access to public
transport, would be disadvantaged. Likewise, an increased CO2 tax is feared to have adverse effects
on coastal ship transportation, distorting competition in the transport sector and hampering trade
and business in coastal regions [15]. Norwegian policy strives for an egalitarian society: the welfare
system aims at reducing income inequality, with progressive income taxes and large welfare payments.
Consequently, politicians are also concerned about taxes hitting low-income or rural households
disproportionally hard. Meeting such policy mechanisms, a CETR may lead to regional and social
differentiation, potentially obstructing a smooth implementation of a common national tax. Our work
sets out to explore this hypothesis and how analysis results may guide policy formation. Hence, we take
a broader perspective than existing literature on double dividends by also addressing distributional
effects from a CETR along two axes: households and regions. These distributional measures are
included as dividends D3–D5 in our analysis. Our more comprehensive modeling approach can
simultaneously explore consequences for regional, economic, social and environmental policies,
contributing to unique insights for politicians in a landscape with policy goal conflicts.

Our paper extends macroeconomic analyses of energy policy scenarios performed in the project
SET-Nav(Horizon 2020 EU program), which consider topics such as energy mix and efficiency changes
in transport and buildings, diffusion rates for renewable sources and varying fossil fuel prices [16].
While these analyses have a European perspective, we study here national and sub-national issues for
a particular policy.

Focusing on computable general equilibrium (CGE) approaches, we review double dividend
analyses in Section 2. Then, we present implementation details of the considered CETR and the
regional CGE model REMESin Section 3. Section 4 discusses the effects of a CETR on five dividends
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under four policy scenarios. As the magnitude of the effects may depend on model assumptions,
we also include a sensitivity analysis and comments on the limitations of the analysis conducted.
In Section 5, we investigate potential policy recommendations based on our findings and conclude
the paper.

2. A Literature Review of CGE Modeling Approaches to Double Dividend Analyses

CGE models are the most comprehensive way to take into account the most relevant aspects of an
economic system. They are, hence, the preferred methodology in the literature [17], although other
methods such as input-output models are also used [18]. As our paper explores dividend effects from
various perspectives, we follow the CGE approach.

While numerous analyses have studied first and second dividends, finding mostly positive results
for first and more mixed results on second dividends, insights on further dividends are still rare. We
explicitly include household and regional equity concerns, forming the third–fifth dividends mentioned
in Table 1, and can, thus, study potential differentiated effects of a CETR more comprehensively. The
table also summarizes the expected effect for each of the addressed dividends and related references.

Table 1. Effects on first–fifth dividends, based on the literature survey.

Dividends Effects on Characteristics of Effect References

First (D1) climate/pollution/environment mainly positive [6,10,17–25]Second (D2) national output/employment positive and negative
Third (D3) rural vs. urban output change few insights [9,11,13]

Fourth (D4) household income inequality few insights; positive and negative [9–12]
Fifth (D5) rural vs. urban household inequality no insights found –

Having been introduced by Pearce [19], the DD hypothesis in connection with environmental
tax reforms has received much attention. Typically, weak and strong forms of the hypothesis are
distinguished [6]. The weak (relative) form is present if, in addition to improved environmental
quality, recycling the environmental tax revenues back into the economy by cutting distorting taxes
(e.g., payroll tax) achieves cost savings compared to lump-sum transfers. The strong (absolute) form
states that, if an environmental tax reform succeeds, then both economic and environmental gains
can be expected. According to Goulder [6], the presence of a strong form of the DD is often related to
distortions in the existing tax system (capital/labor), the tax burden falling primarily on labor, and a
broad base for levying the environmental tax.

Bovenberg and Van der Ploeg [20] claimed that the strong form is rather unrealistic, but showed
that it may occur in a small open economy with involuntary unemployment. Fullerton and Heutel [21]
found that factor intensities in the taxed sectors and substitutability between capital, labor and the
polluting products are important CGE parameters affecting CETR analysis results. For example, if the
sector is less able to substitute the polluting products than households and both capital and labor are
equally substitutable when manufacturing those products, then the price of capital will always rise
more than the price of labor, even if the sector is capital intensive. Wage inflation plays a crucial role in
Proost and Van Regemorter [10] for interpreting double dividend effects. Comparing two assumptions
on labor market clearing, rigid real wages or flexible wages, they found opposite signs for the second
dividend (measured in GDP growth). On the tax reduction side of the reform, most analyses reduce the
level of the social security contribution (SSC) [22], because this tax directly affects the cost of labor and,
thus, has more potential to contribute to an employment DD. This effect is referred to as the positive
revenue recycling effect. On the other hand, higher taxes lead to higher product prices that, in turn,
dampen labor supply (consumption is relatively more costly than leisure) [26]. The difference of this
tax interaction effect for the positive revenue recycling effect is decisive as to what extent a positive or
negative second dividend materializes. However, the occurrence of a purely negative tax interaction
effect has been questioned. For example, Williams [24] and Schwartz and Repetto [25] showed that
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a cleaner environment may lead to increased labor supply, partly or totally offsetting the original
negative tax interaction effect.

Bosquet [18] surveyed 56 examples of practical experience and modeling studies involving
DDs. The survey concluded that, if environmental tax revenues are used to reduce payroll taxes
and wage inflation is limited, then environmental, economic and employment gains are likely in the
medium term. However, if wages are directly linked to product price levels (wage-price inflation
spiral), environmental taxes may be converted into inflation and wipe out potential employment
gains. Obviously, such labor market mechanisms play an important role in whether dividends may
materialize or not, and our studies compare both assumptions on wage formation.

Analyses on double dividends using CGE models at the national level have been performed
widely; some references are summarized in Table 1. One example, Freire-González and Ho [23],
found a double dividend, but it occurred first after three to four years after implementing the
tax reform. Furthermore, Freire-Gonzalez [17] reviewed 40 such studies and found the presence
of an environmental dividend in all and a double dividend in over half of the studies. Some
analyses also incorporate more detailed aspects such as household diversity [9–11,27] or regional
dispersion [9,11,13]. We see examples of a third dividend in Vandyck and Van Regemorter [11], with
regional sector composition an important aspect for explaining how a CETR affects regional output.
Similarly, investigating the presence of DDs in two Italian regions, Ciaschini et al. [13] found that
a double dividend will not materialize in regions lagging behind with respect to unemployment
rates, production levels and value added. Vandyck and Van Regemorter [11] did not compare rural
and urban households explicitly, but identified larger consumption growth for households in their
most urban region (Brussels) under both transfer and payroll tax reduction schemes. They argued
that labor-intensive industrial regions will experience larger growth in real wages and, naturally,
consumption. Evidently, the way recycling is implemented affects whether weak or strong forms of the
dividends can be found. Our study follows the literature by recycling through SSC, but we add to the
research by considering regionally-differentiated payroll taxes, reflecting Norwegian policy. This can
reveal if a DD hypothesis also holds when public authorities have a preference for balancing regional
growth and income inequality.

The role of distributional effects (discussed here as fourth and fifth dividends; Table 1) was
highlighted by Proost and Van Regemorter [10], Rausch et al. [9], Vandyck and Van Regemorter [11]
and Van Heerden et al. [12]. The initial idea is that a CETR is regressive in nature, because low-income
groups spend a larger share of their budget on energy products. Especially, analyses of energy reforms
in developing countries report on such effects. Van Heerden et al. [12], addressing DD and poverty
rates in South Africa, argued that a third dividend would arise only when a CETR is met by a reduction
in food taxes. On the other hand, for evaluating financial distributional effects, household endowment
with factors and how the prices of these are affected may be more important than the budget share of
energy products.

3. Methodology and Data

We simulate the effects of a CETR using a regional CGE model for Norway, REMES [28].
This enables regionally-differentiated analyses with respect to, for example, household income groups
or the degree of centralization of households and industry. We conduct the analyses under different
assumptions on policy aspects highly relevant for Norway, namely two schemes for recycling taxes
back into the economy and two labor market clearing mechanisms, forming four scenarios.

3.1. The Policy Reform: Implementation of a CETR with Two Recycling Options

Norway’s National Determined Contributions in the Paris Agreement are to reduce greenhouse
gas emissions by at least 40% by 2030, compared to 1990 levels [29]. This target will be developed into
an emissions budget covering the period 2021–2030, to be achieved by various policy instruments.
We test the effects of a particular instrument, an emissions tax, on the national economy and introduce
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a consumption tax by doubling net product taxes on the polluting-product group “Coke and refined
petroleum products”. Taxes on this group are the most important climate and energy taxes in Norway
today, representing about half of all climate- and energy-tax revenue in 2015 [1]. We assume an equal tax
increase for industry and households. To test for the weak form of the dividend hypothesis, we assume
two options for the government to recycle this income: it can be either transferred back to households
as lump-sum transfers (transfer option) or used to reduce initial payroll taxes (payroll tax option).

Norwegian district policy operates with regionally-differentiated payroll taxes, set at the
municipal level. For rural regions, lower rates apply. We form regions consisting of municipalities
with similar tax levels on the polluting product (before CETR introduction) in a geographical area and
characterize those with a lower tax level as rural. This defines eight regions, as indicated in Figure 1.
Table 2 shows the initial tax levels in these regions.

Figure 1. Rural (gray) and urban (white) regions considered in the dividend analyses.

Table 2. Initial payroll taxes in the seven industry sectors and eight regions.

Regions Primary Oil and Gas Manufacturing Construction Trade Transport Service

R1 (urban) 13.8% 14.1% 14.1% 14.1% 14.1% 14.1% 14.1%
R3 (urban) 13.4% 14.1% 14.1% 14.1% 14.1% 14.1% 14.1%
R4 (urban) 13.1% 14.1% 13.8% 13.8% 13.9% 13.9% 13.9%
R6 (urban) 13.2% 14.1% 14.1% 14.1% 14.1% 14.1% 14.1%

R2 (rural) 10.2% 11.6% 10.9% 10.7% 11.0% 11.3% 11.0%
R5 (rural) 6.9% 7.7% 7.7% 7.3% 7.4% 6.9% 7.4%
R7 (rural) 5.3% 5.3% 5.8% 5.9% 6.1% 6.1% 6.1%
R8 (rural) 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

3.2. The Model: The Regional CGE Model REMES

REMES is a regional computable general equilibrium model developed for the Norwegian
economy. It belongs to the wider family of Arrow–Debreu models, which model macroeconomic
situations with microeconomic assumptions (The model has been developed and is maintained by
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SINTEF in cooperation with the Norwegian University of Science and Technology (NTNU). Different
versions of the model are often developed to suit particular analyses or studies.). A regional CGE
model like REMES has two main inputs: a Social Accounting Matrix (SAM), which by listing all money
flows from every actor in the economy defines a basis, or calibration, equilibrium for a given period;
and a set of Constant Elasticities of Substitution (and transformation), or CESs, which describe the
ability/desire of each actor to substitute a product with another. In general, a CES production/cost
function for the industrial sectors in each zero-profit constraint in REMES corresponds to, and is
almost entirely determined by, a given nesting structure. Figure 2 illustrates the nesting structures and
corresponding substitution elasticities σ used in our analysis. For example, σ4 denotes the elasticity of
substitution between the three labor types, defined by employees’ skill level, in production.

Sectoral output

Products

Service

Transport

Construction

Manufacturing

Trade

Oil and Gas

Coke and petroleum

Primary

Prod. factors

Labor

Low

Medium

High

Capital

Investments

Capital

σ1 = 0

σ2 = 0

σ3 = 1

σ5 = 0

σ4 = 0.16
〉

〉

〉

〉

〉

Figure 2. Diagram of Constant Elasticities of Substitution (CES) production functions in the regional
CGE model.

The national SAM used is based on data from 2014 and further regionalized with regional
data from 2010, i.e., each region is balanced and mostly independent of other regions, except for
inter-regional and international trade. Regions can send products and services, but not production
factors, to other regions, via Armington substitution rules. Producers and consumers have preferences
for local, regional and international products, but will accept one or the other in different quantities
if needed.

When a change, or shock, impacts the economy at any scale or place, REMES reacts by changing
the accounts listed in the SAM as much as the elasticities allow, increasing the consumption of
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alternative products with lower prices if possible. This has repercussions on generally all prices,
activity levels and incomes.

REMES uses four main types of variables and four corresponding main types of conditions:

• Prices (assigned to products, production factors, services) are complementary to market
clearing conditions.

• Activity levels of producers (alongside traders and welfare products) are complementary to
zero-profit conditions.

• Income balance constraints (for each household, government and investor) are complementary
to incomes.

• Auxiliary variables are related to taxes and endowments and complementary to conditions
regulating other variables (such as the Price Consumption Index regulating government transfers
related to product prices).

The CETR we implement in REMES is an additional tax paid on the Consumption of the polluting
product by industries, households and the government. Figure 3 shows which actors are affected by
this tax (“1. Cons. tax”) and how. The figure also shows the relations among the actors in the REMES
model and taxes, transfers, trade, etc.

Figure 3. A sketch of the money flows in one region of the CGE model REMES. Cons., Consumption.

3.3. Data: Household and Labor Market Details

While the regionalized SAMs are the basic datasets for the CGE model, we also need household
data to capture their heterogeneity. To represent the various households in each region, we use a micro
dataset of all employees in Norway. We divide the households into ten income decile groups, which
are then aggregated into six household classes c ∈ C = {1, ..., 6}. Table A1 in Appendix A shows taxes,
transfers, labor and capital income data used to calibrate these household classes.

We differentiate between several types of labor provided by households and utilized by the
industry, according to education or skill level. “Low” denotes workers without a bachelor’s degree,
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“Medium” those with a bachelor’s degree and “High” those with a graduate degree. Table 3 shows the
skill structure for the model’s seven industry sectors and six household classes for two of the eight
regions. Evidently, there is a clear difference between rural and urban regions, even for the same
industry sector. Furthermore, a highly-educated work force is more present in high-income household
classes. We do not take into account that the households’ labor supply may respond to changes in
industry demand and assume a fixed mix of the different types based on benchmark data (examples
given in Table 3).

Table 3. Labor skill types: industry requirements and household endowment. Example data for
Regions R1 and R8.

R1 (Urban) R8 (Rural)

Low Medium High Low Medium High

Industries
Primary 75.5% 14.5% 10.0% 83.9% 11.3% 4.9%
Oil and gas 43.3% 21.9% 34.8% 71.5% 17.8% 10.8%
Trade 72.4% 22.1% 5.5% 87.1% 10.8% 2.1%
Manufacturing 60.9% 22.6% 16.5% 80.1% 15.8% 4.1%
Construction 82.1% 12.8% 5.1% 91.4% 7.2% 1.4%
Transport 74.1% 19.5% 6.4% 87.6% 11.3% 1.0%
Service 36.9% 40.2% 22.8% 45.7% 42.4% 11.9%

Households
Class 1 76.5% 20.2% 3.3% 85.4% 13.4% 1.2%
Class 2 74.1% 21.2% 4.7% 79.9% 16.9% 3.2%
Class 3 70.9% 24.4% 4.7% 75.5% 21.5% 2.9%
Class 4 54.0% 36.0% 10.0% 54.1% 39.8% 6.1%
Class 5 44.5% 35.2% 20.2% 51.6% 37.0% 11.4%
Class 6 28.7% 36.6% 34.7% 47.6% 28.4% 24.0%

Elasticities for demand substitution between labor types in production are based on estimates
in [30] (Table 13). For the sake of simplicity, we include all three types at the same nesting level in
REMES’s production functions (Figure 2), with the elasticity σ = 0.16 for all labor types and industry
sectors. However, this assumption may be crucial for assessing the presence of fourth and fifth
dividends, and Section 4.7 tests the sensitivity of analysis results using high-elasticity values from
that table.

Proost and Van Regemorter [10] pointed out that labor market mechanisms may play an important
role when examining DDs from a CETR. We follow that line and analyze under two different
assumptions about the labor market complete market clearing, with flexible wages and no (involuntary)
unemployment, and incomplete market clearing, with rigid wages and involuntary unemployment.
Hence, we also need to assess relations between wage formation and unemployment. In Norway,
wage-formation processes are highly coordinated such that centralized wage bargaining theory [31]
becomes relevant. Based on the work by Blanchflower and Oswald [32], we derived wage-curve
elasticities for our three labor types [33] and found that a 1% increase of the regional unemployment
rate will reduce low-educated workers’ wages by 7% and medium- and highly-educated workers’
wages by about 4%. For the case of rigid wages, we can, hence, express the relation between wages Wr

and unemployment rate Ur for, respectively, Low (L)-, Medium (M)- and Highly (H)-educated workers
in region r, as in Equation (1). These parameter estimates are collected from empirical work presented
in Johansen [34] and Johansen et al. [33].

ln WL
r = −0.07 ln UL

r

ln WM
r = −0.04 ln UM

r (1)

ln WH
r = −0.04 ln UH

r
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3.4. Scenarios: Policy Shock with Scenario Implementation in the REMES Model

To ascertain whether a CETR can lead to double or even multiple dividends, we assess first
the situation before the tax is introduced. In this benchmark model run, 67% of “Coke and refined
petroleum products” is consumed by industry and the remainder by households. We do not see any
consumption by the government. Doubling consumption taxes on this product generates an additional
tax income for the government of 30 billion NOK in the benchmark situation. Note that, according to
the model, additional effects of this policy also occur.

We follow the analysis framework developed by Goulder [6] and distinguish between weak and
strong forms of the dividends. As mentioned in Section 3.1, we investigate two options to recycle the
additional tax income of 30 billion NOK back into the economy: lump-sum transfers to all households
or regional payroll tax reductions for industry. The latter option means a reduction of the total
payroll tax income by 23% (benchmark case). To achieve this, we scale back initial payroll tax levels
(Table 2) equally for all industry sectors and regions, by 2.9 percentage points. Notably, in Region R8,
the government would then pay industries for hiring employees. The analyses are conducted under
different assumptions on the labor market, discussed in Section 3.3: perfect market clearing, leading to
flexible wages and no (involuntary) unemployment, and imperfect clearing with rigid wages and
unemployment. This defines four scenarios, shown in Table 4.

Table 4. Four scenarios for dividend analysis.

Income Recycling Scheme

Lump Sum Transfer Payroll Tax
to Households Reduction

Labor
market
clearing

Perfect (flexible wages, I II
no unemployment) Flexible Transfer Flexible Payroll
Imperfect (rigid wages, III IV
unemployment) Fixed Transfer Fixed Payroll

4. Results: Analyzing Multiple Dividends

4.1. Main Results

After the benchmark results were established, we ran REMES for these four scenarios. Then, we
calculated measures for the five dividends D1–D5 as defined in (2)–(6), comparing selected aspects
against the corresponding benchmark results. This way, we could gauge the direction and magnitude of
the dividends under different situations. Table 5 summarizes these results, marking negative dividends
and, thus, situations where the introduction of a CETR counteracts the respective (sub-national) policies.
D1 and D2 represent traditional dividends studied in double dividend analysis, while D3–D5 are
distributional dividends focusing on households and regions. In the remaining situations, a strong form
of the dividend is present with respect to these policy goals. For example, with perfect labor-market
clearing (and, hence, flexible wages and no unemployment), a climate tax using recycling via lump-sum
transfers to all households reinforces household inequality. On the other hand, it has, clearly, a positive
effect on the environment and leverages inequality between rural and urban industry output.

Further, comparing values under Scenario I with values under Scenario II and likewise for
Scenarios III and IV, we established whether weak forms of the dividends are present under the
different assumptions on labor market clearing.

Table 5 and Equations (2)–(6) refer to dividend values on a national basis, aggregating over all
regions. In a similar manner, dividends can be investigated for each of the eight regions separately,
allowing for a geographically more detailed analysis. We do not replicate all regional values by way of
tables, but illustrate selected results in Figures 4 and 5.
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Table 5. Doubling consumption tax on “Coke and refined petroleum products” and recycling back into
the economy, first–fifth dividends on a national basis.

Dividend

Scenario

I II III IV

Flexible Transfer Flexible Payroll Fixed Transfer Fixed Payroll

D1. First +6.27% +5.95% +6.24% +5.58%
(Climate, pollution, environment)

D2. Second −0.11% +0.02% −0.01% +0.48%
(National economic output)

D3. Third +0.58% +0.52% +0.01% +0.22%
(Rural vs. urban output)

D4. Fourth −0.39% −1.13% −0.31% −1.04%
(Low vs. high income households)

D5. Fifth −1.13% −0.68% −0.29% −0.67%
(Rural vs. urban households)

We further define the five dividends and investigate mechanisms to explain them in the
subsequent sections.

4.2. The First Dividend D1: Less Use of the Dirty Product

The first dividend D1, defined in Equation (2), measures how much of the taxed product
is consumed after introducing the environmental tax, compared to the benchmark situation.
This consumption comprises use by the industry as an intermediate product (and, hence, input
factor for the production of other products), by households and by the government.

D1 = 1−
∑

r∈R
Intermediatep,r,1 + Householdp,r,1 + Governmentp,r,1

∑
r∈R

Intermediatep,r,0 + Householdp,r,0 + Governmentp,r,0
, (2)

where p is the taxed product (in our case, “Coke and refined petroleum oil”) and r ∈ R denotes our
eight regions. The third index refers to the benchmark (0) or the CETR (1) situation.

All four scenarios give a positive first dividend D1, ranging between 5.58% and 6.27%, shown in
Table 5. How the tax is implemented with respect to the recycling scheme did not affect the direction
and magnitude of D1 significantly, although slightly better values were achieved under lump-sum
transfer. This scheme did not compensate the industry for the increased costs of the polluting product,
such that the tax increase led to higher production costs and, hence, higher output prices and lower
production levels. Households, on the other hand, increased consumption of the product (from
domestic production or abroad) due to additional income from higher public transfers. However, as
the industry used the largest share of the dirty product (67% in the benchmark situation), the reduction
in usage by the industry was not offset by an increased usage by households. The payroll tax scheme,
in contrast, compensated the industry by lowering labor taxes, thus dampening production costs more
than the effect from the higher product tax. This led to a higher production level and, hence, less
reduction of the use of the dirty product compared to the lump-sum transfer scheme.

Dependency on the taxed product varied between industries. For example, the product represents
16% of the total inputs of the transport industry, which experiences the largest output drops after a
CETR is implemented. On the other hand, only 4% of the oil and gas industry’s input is “Coke and
refined petroleum oil” products. With a Leontief relationship for nesting the industries’ material inputs
(Figure 2), the intermediate product mix was locked for each industry. Hence, a drop in intermediate
consumption of the taxed product was due to the lower output of industries more dependent on
that product rather than an adjustment of the intermediate product mix. For example, outputs in the
transport industry decreased sharply, while outputs in the service industry grew. However, in the
longer run, an adjustment of the product mix due to price changes of input products may be expected.
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We test, therefore, the sensitivity of the resulting dividends with respect to input-factor substitution in
Section 4.7.

In a regional context, the taxed product accounted for 2.8–3.7% of the total intermediate
consumption in the regions. With a CETR, the product’s consumption price increased in all regions.
However, this increase was much higher, 25%, in two (rural) regions, R2 and R7, compared to 10–15%
elsewhere. These price variations further affected the level of the regional D1. In particular, R2 and R7
had a D1 of 20%, while the other regions had a dividend of between 5% and 10%. This implies that the
CETR worked as intended with respect to reducing environmental effects from the taxed product.

4.3. The Second Dividend D2: National Output Change

The second dividend is measured as the change in national industry output,

D2 =

∑
r∈R

Outputr,1

∑
r∈R

Outputr,0
− 1. (3)

With respect to the strong form, we found a positive D2 of 0.48% under Scenario IV with rigid
wages and reduced payroll taxes (Table 5). This conforms with the literature [18] stating that a second
dividend is only likely if a wage-price inflation spiral is permitted and additional governmental income
is recycled through payroll taxes. The presence of a rigid wage structure in Scenario IV prohibits
large wage increases. At the same time, the wage curve formulation indicates that economic efficiency
gains can be achieved through lower unemployment rates. These effects were in sum positive for
the total output level defined in D2. Actually, as Figure 4 shows, wages increased—implying a lower
unemployment rate—for all three types of labor in all regions.

Comparing the recycling scenarios, we found that a weak form was present under both
assumptions on labor market adjustment: recycling through payroll tax reduction (Scenarios II and IV)
yielded always a higher D2 than lump-sum transfers (Scenarios I and IV).

4.4. The Third Dividend D3: Distributional Effects on Industry Output

To assess how the CETR affected the industry in rural compared to urban regions, we calculated a
third dividend D3,

D3 =

[ ∑
r∈Pr

Outputr,1

∑
r∈Pr

Outputr,0

/ ∑
r∈Ur

Outputr,1

∑
r∈Ur

Outputr,0

]
− 1 (4)

where Ur denotes the urban regions (R1, R3, R4, R6) and Pr the rural ones (R2, R5, R7, R8).
In all four scenarios, outputs in rural regions were more positively affected by a CETR than

outputs in urban regions such that a positive D3 occurred (Table 5). Two factors may explain the
differences across regions and scenarios: a region’s dependency on the taxed product with the current
industry structure and to what extent a wage-price inflation spiral was limited in the regions. The latter
factor was affected by the former, but it varied between the regions also because of a varying degree of
inter-regional trade.

Figure 4 shows how factor prices change with a CETR for the three types of labor and capital,
respectively. Evidently, these changes were strongest in the urban region R4. The industry in this
region depends also most on the taxed product, which represents 3.7% of the total inputs in that region.
Consequently, output in that region was affected most by a CETR. When the tax revenue was recycled
via transfers to households and wage formation was not limited (Scenario I), that region R4 had the
lowest regional D2, −0.44%.
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Figure 4. Percentage change in wage levels and price of capital across the regions and scenarios.

The distribution of labor skills helps to explain why factor prices increased more in urban areas.
Since the economy shifted towards industries that use less of the polluting product and, at the same
time, relied more on highly skilled labor (for example, the service industry), wages for those workers
were pressed upwards. This labor type was more sought after in the economy and more present in
urban areas (Table 3) such that the wage-price inflation spiral was higher there.
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Overall, the figures indicate that a wage-price inflation spiral was prevented to a larger extent in
rural regions than in urban ones, leading to a positive third dividend on the national level in all four
scenarios. Interestingly, with limited factor-price changes on the labor market (rigid-wage Scenarios III
and IV), differences in wage changes between regions were less pronounced (Figure 4). However,
then capital prices varied more, and also, prices in urban regions were higher. Hence, there was still a
positive dividend D3, although much lower than in the flexible-wage Scenarios I and II.

For regional industry, effects were more in line with expectations as expressed, e.g.,
in Becker [15]: the industry structure changed towards less pollution. As also observed by
Vandyck and Van Regemorter [11] and Ciaschini et al. [13], the second dividend can vary regionally,
and sector composition was mentioned as a major explanation factor. We found similar results, where
the region with industry most dependent on the taxed product experienced the largest drop in output.
For this part of the analysis, our findings are in line with the literature.

4.5. The Fourth Dividend D4: Distributional Effects on Household Income

Increased factor prices relative to the general price level led to higher household utility. Hence,
the effects found for the industry in the form of D3 would have an opposite direction for households.
The fourth dividend D4 investigates welfare dispersion among low- and high-income households,

D4 =

[ ∑
c∈Lc

∑
r∈R

EVc,r

|Lc|

/ ∑
c∈Hc

∑
r∈R

EVc,r

|Hc|

]
− 1 (5)

where Lc ⊆ C defines the set of low-income household classes (Classes 1, 2 and 3) and Hc ⊆ C the
set of high-income classes (4, 5 and 6). |Hc| and |Lc| are the cardinals of these sets. The Equivalent
Variation (EV) is a welfare measure to compare the new equilibrium to the benchmark situation, shown
in Figure 5. (As households value utility through consumption, consumption level and, consequently,
utility level were affected by price changes for both factor and consumption prices. The EV, introduced
by Hicks [35], measures if a household’s consumption decreases or increases in the new equilibrium
compared to the benchmark situation. Formally, it is defined as EV = E(U1, P0)− E(U0, P0), where E
is an expenditure function, U0 and U1 utility levels in the benchmark and new equilibrium situations,
respectively, and P0 the initial price level. For example, if the EV reports a welfare change of 1%,
this represents an equivalent change in income, measured in initial prices.) For many household
classes, the EV was negative in all regions, with the clear exception of the urban region R4. This means
that a CETR will, in general, affect households negatively.

D4 is an unweighted measure of income dispersion using EV for low-compared to high-income
households in all regions. For the scenarios studied here, neither a strong, nor a weak form of the
dividend can be ascertained (Table 5), meaning that a CETR increased income inequality on a national
scale. However, the transfer scenarios showed a better dividend and so did wage rigidity compared to
flexible wages.

Two effects drove the dispersion in opposite directions. A consumption share effect should
reduce inequality (decrease dispersion): in the benchmark situation, low-income households (Class 1)
used less, about 1.5%, of their income on the taxed product, while high-income households (Class 6)
used about 3% of their income on the product (Table A1 in Appendix A). Higher prices for coke and
petroleum products would limit consumption more for high- than for low-income households.
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Figure 5. Changes in Equivalent Variation (EV) across household classes and regions under the four
scenarios (in percent).

The second effect (increased dispersion), often referred to as the effect on sources side [11], is that
factor-price changes favored capital owners and higher-educated labor. Figure 4 shows that, under
most scenarios, wage-level changes followed skill level: medium-educated workers’ wages changed
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more than low-educated workers’ wages, while highly educated workers benefited the most. This may
be explained by a decline of industries using much low-educated labor and, vice versa, a growth of
industries requiring high skills. The latter is typically more prevalent among high-income household
classes such that these households benefited more. One exception is Scenario IV (reduced payroll taxes
and rigid wages), where low-educated labor experienced the largest wage growth. In other words,
when industry demand for labor increased because of lower input costs (drop in payroll taxes), wages
were more upwards rigid for medium- and highly-skilled labor. This wage effect originated from the
wage curve formulation, Equation (1). Capital price was more volatile, but changed more than wages
in all regions-, except for Region R5 with a low share of high-income households. As high-income
household classes have the largest share of capital endowment, differences in wage changes were
reinforced. Thus, high-income households benefited most from a CETR. On the other hand, the
low-income household Class 1 depended highly on transfers (Table A1). Obviously, the transfer
recycling scheme was preferable over payroll tax recycling for these households. Actually, sometimes,
transfer scenarios yielded a higher EV for low-income households than for most higher-income classes:
for the rigid-wage situation, Scenario I, in Regions R3 and R5, and for the flexible-wage situation,
Scenario III, in the urban Regions R4 and R6 (Figure 5). Then, a CETR will decrease household
income dispersion in the concerned regions, and a strong version of the fourth dividend can be
identified regionally.

Summarizing, changes in factor prices for differently skilled labor and capital were important for
the fourth dividend, rather than how consumption shares of the taxed product affected households’
EV. Hence, these factor-price changes appeared to be the main drivers for income inequality effects
from a CETR.

4.6. The Fifth Dividend D5: Distributional Effects on Household Welfare

Finally, we measured the fifth dividend D5 by way of the EV for the different household classes
along an urban-rural axis,

D5 =

[ ∑
c∈C

∑
r∈Pr

EVc,r

|Pr|

/ ∑
c∈C

∑
r∈Ur

EVc,r

|Ur|

]
− 1 (6)

with |Pr| and |Ur| the cardinalities of the sets of rural and urban regions, respectively. While D4
measures income dispersion between low- and high-income households, regardless of their location,
D5 is concerned with income dispersion between rural and urban households, regardless of their
income class.

This dividend was negative under all scenarios (Table 5), meaning that, at an aggregated level,
rural households were affected worse by a CETR than urban ones. In the case of flexible wages, a weak
form can be identified, though. This may be explained by two mechanisms: First, the limited wage
inflation leading to a positive third dividend (industry in rural regions gaining from the environmental
tax) had the opposite effect on rural households. The other way around, urban households would
benefit from the tax. For example, for the urban Region R4, a CETR increased wages for all skill levels
(Figure 4), resulting in a positive EV for almost all household classes (Figure 5). Second, households
in urban regions were better endowed with highly-skilled labor than those in rural regions (Table 3).
This led to higher income change and higher EV in general for urban households and, hence, to a
negative D5.

4.7. Sensitivity with Respect to Key Elasticities of Substitution and Model Limitations

According to the literature [11,21], dividend results may be sensitive to assumptions on
substitution elasticities in the CGE model. We investigated this for elasticities of substitution between
product inputs and labor/capital and between labor types in the production process. These elasticities
are denoted by σ1 and σ4, respectively, in Figure 2.
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If industries can substitute more easily between product inputs and labor/capital (e.g., we set
σ1 = 1), they can adapt production better to price changes. Then, dividends D1 and D2 will improve.
For example, D1 in the flexible transfer Scenario I increased from 6.27% to 6.49%, and D2 increased
from −0.11% to 0.17%. This shows that, under certain conditions, the strong form of the DD was
achievable also under Scenario I.

Increased substitution elasticity among labor types (setting σ4 to, say, five) led to wage
harmonization between low-, medium- and highly-skilled workers. However, as capital is the driving
factor for household inequality, price differences between capital and wages still played a significant
role. As a consequence, the inequality measure EV was reduced, but to a varying degree, and
high-income households would still benefit from the capital-price effect. In sum, this reduced the
extent of dividends D4 and D5. For example, in the flexible transfer Scenario I, D4 was dampened
from −0.39% to −0.37% and D5 from −1.13% to −0.87%. However, the dividends were still negative,
with only small differences from the original scenario values.

Although partial equilibrium, macroeconomic, input–output models are used evaluating a CETR,
CGE models are the preferred modeling framework in the DD literature [17,18]. Still, a static CGE
model as the one we have used has its limitations in capturing all potential economic effects of a CETR.
CGE modeling, while useful in large economic analyses of dynamic economic systems, does has its
general disadvantages. Being based on microeconomic assumptions, CGE models might overlook
or otherwise simplify macroeconomic tendencies in the systems. For this specific case, we can name
one drawback for the implementation of the model: the fact that savings, and other similar financial
mechanics, are very much simplified to allow for a single-period CGE model to run. Partial equilibrium
models would have an easier time modeling the savings-investment-capital formation aspect of the
financial systems. The effects on the welfare of the population created by investment policies will not,
thus, be captured by a CGE model such as the one we proposed.

The methodology used in this paper is easily replicable with other regional CGE models;
however, a generalization of our findings on sensitivity is, to some degree, confined to the situation
considered here. We suspect also that some patterns and observations are linked to the REMES
model structure. In particular, the following issues may require more attention: (1) Elasticities and
nesting structure: With more heterogeneous elasticities capturing regional and industrial variations,
the driving (exogenous) forces for the corresponding dividends may be identified in more detail.
The sensitivity analysis in this section was a first step in this direction. (2) Aggregation of data for
regions, products, industries and households: As mentioned in Section 4.4, calculations for the fourth
dividend disregarded the distribution of household classes in each region (Table A1). Including these
details may give a more accurate picture, in particular for regions with a disproportionately large
presence of some household classes (e.g., R2 and R5). A further refinement in this regard may be
a recalculation of these shares based on household income levels in the new equilibrium. (3) Type
of policy reform and corresponding recycling: In our setup, the reform was not targeted specifically
towards low-income households. The literature shows examples of transfer-recycling schemes aiming
at the poorest households [12] and payroll tax schemes directed towards low-skilled workers [36]. With
these approaches, the fourth dividend may turn out to be more positive for low-income households.
Targeted recycling schemes, but also different types of CETRs, should be addressed in future research.
(4) Model closure: It may be worthwhile to investigate the effects due to fixed regional labor supply
assumptions. The workforce is rather immobile and will be affected by regional differences in wage
changes. Hence, with a model closure reflecting low barriers to migrate among regions in Norway,
we expect that wage differences would play a minor role for the fifth dividend.

5. Conclusions with Policy Recommendations for a CETR

We analyzed economic effects of a carbon energy tax reform. In particular, we were interested in
policy conflicts that may limit the efficiency of such a tax. In a Norwegian context, this concerns regional
dispersion effects conflicting with regional policy aims and income inequality effects conflicting with
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social distribution policies. Our analysis builds on double dividend theory stating that, in addition to
reducing the usage of polluting products by way of consumption taxes, positive side effects may
materialize in the economy. To investigate the potential of such side effects, we test two schemes for
recycling the additional governmental income back into the economy for two different ways of wage
formation, resulting in four policy scenarios. The effects are simulated in a regional CGE model for
Norway, REMES.

The taxed product is substituted away from the economy, providing environmental gains.
A second dividend—positive side effects on the economy due to increased outputs—is achievable,
but only under specific assumptions. Notably, we find a second dividend if the wage-price inflation
relation is limited and the additional tax income is used to reduce payroll taxes (Scenario IV).

Verifying more differentiated economic and social side effects (third, fourth and fifth dividends)
appears challenging. We were especially interested in effects on rural compared to urban regions
with respect to Norwegian regional policy goals and in effects on different household income classes,
reflecting social policy goals. Output in rural regions increased more or decreased less than in urban
regions after implementing the tax, which concurs with regional policy goals. One reason is weaker
wage-price inflation growth and, thus, lower household welfare in rural regions. Income inequality
between household classes also worsened due to a demand shift towards products from industries
depending on highly-educated labor. A third effect is that the price of capital increases more than
wages, leading to increased income dispersion. The transfers scheme counters this to some degree,
but cannot fully compensate.

Policy instruments such as a CETR should be evaluated not only with respect to their intended
effect, but more comprehensively. Potential side effects may be both positive and negative and vary
often between regions, industry sectors or household types, potentially contradicting other national
and sub-national policy goals. Our analysis showed conflicting sub-national policy goals under all
four scenarios. In particular, with a regionally-differentiated payroll tax to balance the public budget,
as in Norway, a CETR increases household inequality. This poses problems with respect to policy goals
towards an egalitarian society. To obtain the best possible impact, differentiated taxes or supplements
by other instruments may be a solution. However, this is an intricate exercise as improvements with
respect to one aspect may lead to new goal conflicts elsewhere. Moreover, in order to be efficient, policy
instruments should be easily understandable, as well as broadly applicable and valid in a rapidly
changing economic, social and political environment.

Clearly, the situation described in this paper is not unique to Norway. Indeed, there are many
similarities between Norwegian regional policy aims and those of the EU’s cohesion policy. Although
the availability of sufficiently disaggregated demographic data is crucial, it may be interesting to apply
our approach to a broader setting such as nations—or regions—in the EU. We surmise that also there,
goals of leveling social and regional disparities together with national economic and environmental
improvements cannot simultaneously be fulfilled with a CETR.

An interesting moment to explore further in this context is regionally-varying endowment with
polluting and non-polluting energy resources. In countries with a traditionally high share of renewable
energy sources, such as Norway, one may expect weaker effects of a CETR. In particular in the short
term, it may also be easier in these regions to adapt activities still dependent on polluting energy
sources to cleaner forms as know-how and skilled work force may be more available. On the other hand,
with high dependency on fossil energy sources, a CETR may trigger more long-term innovation in the
affected industry sectors in order to survive.

Concluding, public debate on environmental taxes is often concerned with direct effects on
households, for example, through consumer price effects. However, as our analysis underlines,
household welfare is primarily affected by factor side effects. For regional industry, the effects are
more in line with the political argument: industry structure changes towards less pollution. This is
where the emphasis of discussions should lie, triggering technological innovation and restructuring to
support trade and business also in more rural regions.
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Appendix A. Data

Figure A1. Ten income deciles groups based on micro data from 2013 of all workers in Norway,
annual income.

Table A1. Data by household class.

Class 1 Class 2 Class 3 Class 4 Class 5 Class 10
(Decile 1) (Deciles 2–3) (Deciles 4–5) (Deciles 6–7) (Deciles 8–9) (Decile 10)

Distribution of income 1

Share of labor income 1.1% 9.5% 16.6% 21.1% 27.5% 24.1%
Share of transfers 4.5% 26.2% 23.6% 18.9% 16.8% 9.9%
Share of capital income 0.0% 3.5% 6.9% 8.8% 13.6% 67.2%

Average taxation rates 1

Labor income tax 17% 17% 21% 24% 27% 33%
Capital income tax 28% 28% 28% 28% 28% 28%

Distribution of households within regions 1

R1 8.3% 18.8% 20.4% 20.6% 20.9% 11.1%
R2 10.7% 23.1% 22.5% 20.5% 17.8% 5.4%
R3 8.7% 20.1% 18.5% 19.3% 21.0% 12.5%
R4 8.8% 20.8% 21.2% 20.2% 19.9% 9.0%
R5 11.3% 24.6% 25.4% 19.7% 15.1% 4.0%
R6 8.8% 20.2% 21.1% 21.5% 19.9% 8.4%
R7 9.7% 20.4% 22.1% 22.5% 19.5% 5.8%
R8 9.9% 20.4% 22.2% 22.1% 20.0% 5.3%

Consumption product basket 2

Coke and refined petroleum oil 1.54% 3.03% 2.58% 3.27% 3.28% 3.05%
Primary 15.16% 12.87% 13.50% 14.82% 14.25% 12.17%
Other oil and gas products 0.03% 0.02% 0.01% 0.01% 0.01% 0.01%
Trade 5.66% 3.76% 4.51% 5.20% 6.14% 6.88%
Manufacturing 29.09% 28.17% 28.30% 25.38% 23.50% 23.51%
Construction 0.76% 1.75% 3.24% 2.78% 2.65% 4.41%
Transport 5.78% 15.20% 14.34% 15.70% 17.53% 17.90%
Service 41.98% 35.21% 33.51% 32.83% 32.64% 32.08%
Total consumption 100% 100% 100% 100% 100% 100%

1 Source: Micro data on income and SSB.no (Table 07751) for transfers and capital income and for tax rates;
2 national expenditure shares by consumption categories and six income deciles. Source: SSB.no (Table 10444).
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