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Abstract

This paper studies the growth impacts of realizing two long-term carbon targets in Switzerland (reducing CO2
emissions in 2050 by 72% and 80% relative to 1990 levels) with alternative steering-based climate policies that include
a uniform tax on the whole economy and differentiated tax schemes. For this analysis, we use the Computable
Induced Technical change and Energy (CITE) model, a computable general equilibrium (CGE) model with
endogenous growth. We find that achieving the climate targets could lead to a slight decrease in utility and an
increase in investments through the shift of labor from manufacturing to research. Higher investments coming from
higher innovation could compensate the reduction in output due to the carbon policies, leading to relatively
unaffected economic output. The economic structure adjusts following three drivers: energy intensity, substitutability
from energy in the production of the intermediate varieties, and the relative attractiveness of research. Moreover, the
results from the CITE model show that the economy-wide carbon tax is the most effective option when we consider
the effects on utility. Differentiating the sectors regulated by the emission trading system (ETS) has relatively low
impact while applying lower taxes on transport fuels results in lower utility driven by inefficiencies in the sectoral
mitigation efforts. Finally, we find that the effects of increasing the stringency of the target (in terms of foregone
utility) are independent from the policy instrument.

Keywords: Endogenous growth, Swiss climate policy, CGE, Differentiated taxes

1 Introduction
The Paris Agreement is a voluntary international agree-
ment intended to mitigate climate change globally. Coun-
tries involved in the agreement have committed to
different short-term targets in the Nationally Determined
Contributions to the UNFCC. Now, countries face the
challenge of deciding on the stringency of their long-
term commitments and the policies through which such
commitments would be achieved. In deciding on their
mitigation targets and strategies, countries must take
macro-economic side effects into account. Such effects
include, among others, economic growth, capital inten-
sity, and market structures. In this paper, we investigate
possible effects on the Swiss economy of alternative long-
term targets and policy settings to reach those targets
using a numerical modeling approach. By comparing tar-
gets with different stringencies and alternative carbon
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taxes, we shed light on the additional economic impact—
in terms of foregone utility from consumption and struc-
tural changes—of increasing the stringency of Swiss
commitments to the Paris Agreement and the effective-
ness of different policies.
Switzerland is an interesting case study since it is a small

open economy with ambitious climate change mitigation
goals. The Swiss 2050 Energy Strategy aims at reducing
greenhouse gas (GHG) emissions and energy consump-
tion as well as increasing the use of renewable-based
energy sources while also phasing out nuclear power. The
long-term goal of the Swiss Federal Council is to reduce
GHG emissions to 1–2 tonnes of CO2 per capita in 2050
from around 6 tonnes of CO2 per capita today. Using
a Computational General Equilibrium (CGE) model, we
analyze the economic effects of meeting two targets con-
sistent with these goals: 1.5 and 1.0 tonnes CO2 per capita
for 2050.
The Swiss Federal Government is changing its climate

and energy policy approach, from subsidies for renewable
energy and energy efficiency measures moving towards
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steering-based policies. By using steering-based policies,
the Swiss Federal Government provides consumers and
producers with price signals that incentivize them to com-
ply with carbon abatement goals (Swiss Federal Council,
2015a, b). We simulate three alternative steering-based
policies that include (1) a uniform carbon tax in the
economy, (2) differentiated taxes for the sectors regulated
by the emission trading system (ETS) and non-ETS sec-
tors, and (3) further differentiating the non-ETS sectors
between heating and transport fuels. From an economic
theory perspective, the first policy (a uniform tax) should
lead to the lowest costs of achieving the climate tar-
get. However, distortions in the economy can explain
the need for tax differentiation: international coopera-
tion and spillovers, carbon leakage, tax interaction with
pre-existing taxes, and social equity aspects. In the same
way, real-world policy proposals hardly ever consider a
uniform carbon price on the economy. For instance, a car-
bon price through a cap on ETS emissions (where the
energy-intensive sectors are included) is used in many
countries/regions, such as the EU, China, New Zealand,
South Korea, some US states, and Quebec. Thus, the
second instrument we evaluate in this paper is a differ-
entiated carbon price between ETS and non-ETS sectors,
which is in line with EU policies and allows for future har-
monization of the EU and Swiss climate policy. Finally,
in Switzerland, the carbon tax on transport fuels is lower
than that on other fuels. A possible reason for this devia-
tion from the uniform economy-wide tax is the interaction
with high pre-existing taxes. High pre-existing taxes on
transport fuels mean that Swiss use fewer transport fuels
even before introducing more carbon taxes. This implies
that somemitigation is already taking place and additional
abatement efforts would imply higher costs. Hence, the
last carbon policy scheme analyzed in this paper is a fur-
ther differentiation of non-ETS sectors between heating
and transport fuels. We evaluate the impact of differenti-
ating carbon taxes on the efficiency of the policies in terms
of economic growth.
To conduct our analysis, we use the CITE (Computable

Induced Technical change and Energy) model, a multi-
sectoral dynamic CGE model of Switzerland with fully
endogenous growth (Bretschger et al. 2011; Romer 1990).
In the model, purposeful investments in research and
development (R&D) increase the number of varieties of
intermediate inputs and the stock of knowledge, which
supports growth by raising productivity. The CITE model
is an appropriate tool to analyze the growth impact of
alternative climate policies given its ability to endoge-
nously determine R&D decisions. This feature allows the
model to differentiate potentially opposing effects from
carbon policies: negative effects on the production of
intermediates but also structural changes and increases
in R&D labor that sustain research and development,

which can boost economic growth. These opportunities,
however, are not exploited without modeling knowledge
spillovers.
Overall, we find that reducing per capita emissions

in Switzerland from 2.8 to 1.5 or 1.0 tonnes CO2 per
capita—regardless of the policy pathway—implies moder-
ate costs to the economy reflected in a slight reduction
in consumption. Nevertheless, these effects are compen-
sated with sectoral shifts and increases in investments
that have positive effects on the economy. Moreover,
our results show that the choice of policy instrument
affects the costs of achieving the climate policies and that
differentiating sectors increases mitigation costs. Impor-
tantly, we find that the effects of increasing the strin-
gency of the target are independent from the policy
instrument.
Our simulation results show that reducing emissions,

in the text-book case of using an economy-wide uniform
tax, implies lower total consumption but positive effects
on investments and a relatively unaffected economic out-
put. The yearly growth rate of consumption decreases by
−0.21 and −0.28 p.p while that of investment increases by
+ 0.46 and + 0.55 p.p. (for the 1.5 and 1.0 tCO2 p.c. target,
respectively). The larger investment that foster economic
output is achieved through the endogenous growth mech-
anism and changes in the structure of the economy. The
sectoral changes follow the interplay of three factors: rel-
ative energy intensity of the sectors, substitutability from
energy in the production of the intermediate varieties, and
the relative attractiveness of research. While the first two
effects are present in virtually all CGE models, the third
one arises from the endogenous growth and implies larger
investments due to shift of labor from manufacturing to
research.
The economy-wide carbon tax is the most effective

option when we consider the effects on utility. Differenti-
ating ETS sectors has relatively low impact while applying
lower taxes on transport fuels results in lower utility
driven by inefficiencies in the sectoral mitigation efforts.
The differences between the two carbon tax alternatives
are given by two factors: (1) the changes in carbon price
in the differentiated tax—decided a priori in the policy
setup—and (2) the importance in terms of emissions of
the differentiated sectors.
Our paper relates to two strands of the literature and is

a part of a major Swiss research project: the Swiss Energy
Modelling Platform (SEMP). First, we contribute to papers
analyzing the efficiency of tax differentiation, and second,
we add to analyses on Swiss climate policy. Several papers
have analyzed the efficiency of tax differentiation using
theoretical and numerical models, see for instance Hoel
(1996), Markusen (1975), Böhringer et al. (2014), Boeters
(2014), Landis et al. (2018), and Abrell et al. (2018). This
paper complements these analyses by using a numerical
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model with endogenous growth that represents the posi-
tive impacts from climate policies on the economy driven
by the endogenously determined R&D. Different studies
using numerical models have evaluated the realization of
different carbon reduction goals in Switzerland, see for
instance Marcucci and Turton (2012); Sceia et al. (2012);
Böhringer and Müller (2014); Kannan and Turton (2016);
Bretschger and Zhang (2017b); Karydas and Zhang (2017);
Landis et al. (2018). This paper is part of the Special Issue
of SEMP (Landis et al. 2019). The SEMP exercise aims
at giving coherent and complementary answers to the
options for reaching Switzerland’s climate policy targets
for 2050, by running and comparing several models that
use synchronized assumptions and policy scenarios. Our
contribution focuses on the macro-economic impacts and
other aspects are analyzed in the rest of the Special Issue:
distribution effects, the transport sector, and differences
across models.
This paper is organized as follows: Section 2 describes

the CITE model and the scenarios that we analyze in the
paper, Section 3 presents and discusses the results of the
SEMP scenarios, and Section 4 concludes.

2 Methodology
We analyze the growth effect of alternative Swiss emission
targets for 2050 using different carbon pricing options
including economy-wide uniform carbon taxes, differen-
tiating ETS and non-ETS sectors, and further differenti-
ating the non-ETS sectors between transport and heating
fuels. For this analysis, we use the CITE (Computable
Induced Technical change and Energy) model, a frame-
work that includes Swiss energy-economic details in
a general equilibrium model for the quantitative anal-
ysis of climate change mitigation and environmental
policies.

2.1 The CITE model
The CITE model is a multi-sectoral CGE model with
fully endogenous growth. It was originally developed by
Bretschger et al. (2011) based on the so-called “new
growth theory” from Romer (1990). Growth in the dif-
ferent sectors is driven by an expansion in the types
of intermediate goods (machines). Investments in physi-
cal capital and knowledge extend the number of capital
varieties, which fosters factor productivity.

2.1.1 Firms and the endogenous growthmechanism
The CITE model represents different sectors of the econ-
omy including ten non-energy sectors, three fossil energy
sectors, and one electricity sector1. The market of the

1Non-energy sectors: agriculture (agr), chemical industry (chm), machinery
(mch), construction (con), transport (trn), banking and financial services
(bnk), insurances (ins), health (hea), other services (ose), and other industries
(oin). Energy sectors: refined oil (oil), natural gas (gas), heat (het), and
electricity (ele).

final goods in these sectors is assumed to be perfectly
competitive. The production technology is modeled by
a constant elasticity of substitution (CES) production
function that varies between the energy and non-energy
sectors.
In the non-energy sectors, goods Yi in each sector i are

produced using a sector-specific intermediate composite
Qi and a bundle of inputs from other sectors Bi (as shown
in Fig. 1); thus,

Yi =
[
αiQ

σY ,i−1
σY ,i

i + (1 − αi)B
σY ,i−1
σY ,i

i

] σY ,i
σY ,i−1

, (1)

where αi is the share parameter and σY ,i is the elasticity
of substitution between Qi and Bi2 (Table 1 presents the
values and references of all the parameters in the CITE
model).
The endogenous sectoral growth mechanism is mod-

eled through the increase in varieties of intermediate
goods (xi,j). Innovators have profit incentives to create
new varieties of these intermediate goods resulting in the
growth of the sector. The different varieties constitute the
intermediate composite (Qi) following a Dixit-Stiglitz CES
function; thus,

Qi =
[∫ Ji

j=1
xκ
i,j dj

]1/κ
, (2)

where Ji is the number available varieties of inter-
mediate goods in sector i and the mark-up parame-
ter κ is given by κ = (

σQ − 1
)
/σQ, where σQ >

1 is the elasticity of substitution between the inter-
mediates (see Table 1). Since intermediate goods are
imperfect substitutes, there is monopolistic competi-
tion among producers of intermediate goods, with a
mark-up factor 1/κ over the marginal cost of produc-
tion. Given the mark-up factor (1/κ), the share of rev-
enues in the production of the intermediate composite
Q is given by 1 − κ . κ also measures the gains
from diversification, i.e., the productivity increase of the
economy when using a larger variety of intermediate
goods.
In each sector, intermediate firms produce the jth

intermediate good using labor (L), energy (E), and non-
cumulative capital (V ), assuming a CES production
function,

xi,j =
[
φi,jL

εi−1
εi

i,j + ζi,jE
εi−1
εi

i,j + (
1 − φi,j − ζi,j

)
V

εi−1
εi

i,j

] εi
εi−1

,

(3)

where φ,i,j and ζi,j are the share parameters and εi is the
sector-specific elasticity of substitution.

2We omit time subscripts whenever there are no ambiguities.
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Fig. 1 Nested production function of regular sector i

2.1.2 Physical investments and knowledge
When a new variety of intermediate good (xi,j) is
produced, it is associated to a “blueprint” or “patent.”
These patents constitute the non-physical investments
(knowledge, IK ,i). Firms are the owners of the patents,

which together with the physical investments (IP,i), con-
stitute the firm value (see Fig. 2).
The stock of varieties Ji (introduced in Eq. 2) in the

period t + 1 is given by

Ji,t+1 =
[
γiI

τ−1
τ

Pi,t + (1 − γi) I
τ−1
τ

Ki,t

] τ
τ−1 + (1 − dt)Ji,t , (4)

where γ is the share parameter, τ is the elasticity of sub-
stitution between physical and non-physical investments,
and dt is the depreciation. This is the so-called law of
motion of capital in the model. The incentives to invest in
new varieties come from the monopoly rent that results
from the production of intermediates.
We assume that knowledge is produced using labor in

research and other specific inputs used in the research
labs, considered substitutes. Research efforts are sup-
ported by positive learning spillovers that are proportional
to the number of already developed varieties. Accordingly,

Table 1 Elasticities of substitution used in the model

Nesting Value Reference

σY ,i Qi and Bi in final goods 0.392 (agr); 0.848 (chm, oil, gas);
0.518 (mch); 0.1 (ele); 1.264 (con);
0.352 (trn); 0.568 (oin); 0.492 (other
sectors)

Okagawa and Ban (2008)

κ Measures level of
substitution between xij in
intermediate composite

0.75 Bretschger et al. (2011)

ε Li,j , Ei,j and Vi,j in
intermediate goods

0.7 (agr, oil, gas, het); 0.52 (con, oin);
0.58 (chm); 0.56 (trn); 0.66 (ele), 0.67
(mch); 0.4 (other sectors)

van der (2007) and Mohler and
Mueller (2012)

σE Electricity and fossil
energy (Yfos)

1.8 Acemoglu et al. (2012), Bretschger
et al. (2011)

σele Electricity generation and
distribution

0 Bretschger and Zhang (2017b)

σegen Electricity generation
groups

10 Sue Wing et al. (2011)

σcons Constant electricity
generation

1.5 Bretschger and Zhang (2017b)

σint Intermittent electricity
generation

2 Bosetti et al. (2009)

τ Non-physical capital (IK ,i).
and physical capital (IP,i)

0.3 Bretschger et al. (2011)

ω Labor in research (LRi) and
investments in R&D (Ri)

0.3 Bretschger et al. (2011)

1/θ Intertemporal elasticity of
substitution in utility

0.6 Hasanov (2007)

σC Energy and non-energy in
consumption

0.5 ECOPLAN (2007)

σce Electricity and fossil
energy in consumption

1.5 Bretschger and Zhang (2017b)

η Trade Armington 3.2 (agr); 4.6 (mch); 3.8 (ele, oin); 2.9
(other sectors)

Donnelly et al. (2004)

χ Elasticity of transformation 1 Bretschger et al. (2011)
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Fig. 2 Capital production

non-physical investments, IK ,i, are determined by labor in
research, LRi, non-labor inputs in research (Ri), and the
number of intermediate goods, Ji, following

IKi =
[
βi

(
Ji
zi
LRi

) ω−1
ω + (1 − βi)R

ω−1
ω

i

] ω
ω−1

, (5)

where β is the value share, ω is the elasticity of substitu-
tion between LRi and Ri, J

z represents a positive spillover
from capital variety to labor productivity, and 1/z is the
spillover intensity. We assumed a constant research labor,
LRi, that can be reallocated between sectors.
The model decides the levels of research investments,

therefore deriving endogenously all factor productivities.
Changes in R&D increase the number of varieties (follow-
ing (4)) but they do not change the energy efficiency of
a given sector. Specifically, if we assume symmetric inter-
mediate goods in each sector, i.e., xi,j = xi, we can derive
from (2) the productivity of varieties (capital goods) in the
production of the intermediate composite,

Qi
Ji

= J1/κ−1
i xi, (6)

which implies that the capital productivity increases
with the number of varieties. If all the other resources
remain the same, new investments contribute to the pro-
ductivity improvement along the balanced growth path.
When a policy shock changes the price of one factor,
for example, the price of the energy input, the relative
price change between capital and energy will result in an
induced technical change in the firms that allows them to
use the relative abundant factor and reduce the use of the
scarce factor.

2.1.3 Energy sector
In Switzerland, electricity is mainly produced by nuclear
power plants and hydropower3. Fossil fuels are used
mainly in the production of heat in the industry and res-
idential sectors and for mobility. Therefore, we assume
that the energy aggregate YE is produced with two inputs:
electricity (non-fossil energy, ele) and fossil energy (Yfos)

3In 2017, 31.7% of the Swiss electricity was produced with nuclear power
plants, 59.6% with hydropower, 4% from renewable fuels, and 4.7% from waste
(Swiss Federal Office of Energy, 2017)

assuming a CES function (Fig. 3 shows the nested produc-
tion function in the energy sector).
Fossil energy is produced using oil and natural gas,

which are assumed to trade off in a Cobb-Douglas fashion.
The electricity sector is modeled with a CES function that
combines electricity generation (egen) and distribution
(Yele), which we assume to be perfect complements. Elec-
tricity distribution represents the rest of inputs used by
the electric utilities and is therefore modeled as a regular
sector (Eq. 1).
Generation technologies are divided in three categories:

intermittent technologies including wind (win) and solar
(sun) power, nuclear power (nuc), and constant electricity
supply technologies including hydro power (hyd), conven-
tional thermal plants (ctp), electricity from waste (wel),
and biomass (bio) (Bretschger and Zhang, 2017b). After
the accident in Fukushima, Switzerland decided to phase-
out nuclear power. The phase-out will be done such that
no new reactors will be built and the existing ones will
operate for as long as they are safe. We model this deci-
sion as a gradual phase-out of nuclear reactors from 2020
to 2035, year in which we assume they are completely
shut down. Given the nuclear phase-out policy, nuclear is
represented as a different technology group whose out-
put is exogenously determined. This classification of the
technologies allows us to capture different marginal costs,
represents multiple types of generation technologies that
are simultaneously dispatched by assuring positive activity
levels, and takes into account the intermittency of renew-
able energy. The trade-offs between and within groups
are modeled with CES production functions. Electricity is
generated using labor, non-cumulative capital, cumulative
capital, and fuels (e.g., nuclear fuel).

2.1.4 Consumption
A representative consumer allocates income between con-
sumption and investments to maximize its intertemporal
utility under perfect foresight. The household utility U
depends on consumption, so that

U =
[ ∞∑
t=0

(
1

1 + ρ

)t
C1−θ
t

] 1
1−θ

, (7)

where ρ is the utility discount rate and θ is the inverse of
the intertemporal elasticity of substitution.4 The infinite
time horizon is approximated using the methodology pro-
posed by Lau et al. (2002).

4Note that the model does not include leisure, which implies a fixed labor
supply that does not respond to changes in wages. This is a caveat of the model.
However, two characteristics partially compensate this caveat: (1) there are two
types of labor in the model, working labor (Li,j) and research labor , and (2) the
overall productivity of the working labor is assumed to increase at the growth
rate of GDP to construct the balanced growth path in the benchmark. The
overall productivity increase can be interpreted in two ways: a growth in total
population and/or improvement in the underlying productivity per worker.
Therefore, the fixed labor supply assumption is mitigated to a certain extent.
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Fig. 3 Nested production function of the Swiss energy sector

In every period, the total consumption C (we omit the
temporal subindex) includes the consumption of energy
(Cene) and the composite of non-energy goods with an
elasticity of substitution σC ; thus,

C =
⎡
⎢⎣ν (Cene)

σC−1
σC + (1 − ν)

(∏
n∈N

Cζ
n

) σC−1
σC

⎤
⎥⎦

σC
σC−1

(8)

where ζ is the consumption share of good n (
∑

n∈N ζ =
1) and N is the set of all non-energy goods. Energy
consumption consists of electricity consumption Cele
and the consumption of fossil fuels Cfos in a CES
fashion,

Cene =
[
σC

σce−1
σce

ele + (1 − σ)C
σce−1
σce

fos

] σce
σce−1

. (9)

2.1.5 Trade
The economy is open to international trade of regular and
energy goods model through Armington demand func-
tions. Markets for final goods are assumed to be perfectly
competitive.
The sectoral output Yi can be used for domestic use (Di)

and exports (Pi):

Yi =
[
αdiD

1+χi
i + (1 − αdi)P

1+χi
i

] 1
1+χi , (10)

assuming a Constant Elasticity of Transformation tech-
nology with χi elasticity of transformation.
In each sector, domestic output Di and imported goods

Mi are combined to yield an Armington good Ai that is
available for consumption; thus,

Ai =
[
νiM

ηi−1
ηi

i + (1 − νi)D
ηi−1
ηi

i

] ηi
ηi−1

, (11)

where ηi reflects the market power of the domestic econ-
omy. Foreign prices are exogenous to the model. Trade is
balanced in every period.

2.1.6 Data and calibration
Table 1 presents the values and the references for the
different parameters used in the model.
The benchmark is calibrated to a balanced growth path,

where all variables grow at a constant rate, and this
includes all sectoral outputs and the components of the
aggregate consumption and production. This requires the
same capital share (1 − κ) in all sectors; different sec-
toral capital shares would imply different sectoral growth
rates. In the data, however, capital shares are not the same
across sectors. Therefore, we split the initial capital into J
(which can be accumulated following (4)) and a residual
non-cumulative capital V that is used in the production of
intermediates (see (3)).
We calibrate the model to the Swiss Social Accounting

Matrix (SAM) of the year 2008 in the version by Peter et
al. (2013), which provides a detailed disaggregation of the
energy and transportation industries and additional infor-
mation regarding energy production and consumption in
physical units that are consistently linked with economic
data in value terms. In particular, we use the SAM data
to calibrate the cost functions of sectoral production, sec-
toral investment, household consumption preference, and
international trade. To reduce the computational com-
plexity while keeping the key structure of the Swiss econ-
omy, around a hundred sectors are aggregated into ten
non-energy sectors, three fossil energy sectors, and one
electricity sector with seven generation technologies1. We
then construct the trajectory of the Swiss economy over
time along the balanced growth path starting from the
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calibrated base year (Peter et al., 2013) and the harmoniz-
ing assumptions in the SEMP study (see Table 2). These
assumptions imply a benchmark scenario with a GDP
increase of 66% by 2050 relative to the level of 2010 and an
increase in labor from 3.85 million full-time equivalents
in 2010 to 4.63 million in 2050.

2.2 Analyzed scenarios
The Federal Council defined a long-term objective of
reducing GHG emissions in 2050 by 70–80% relative to
1990 levels (equivalent to 1–2 tCO2e per capita). In the
SEMP modeling comparison (Landis et al., 2019), we ana-
lyze two alternative CO2-only targets for 2050 that are
consistent with the goals of reducing GHG emissions to
1.5 tCO2e and 1.0 tCO2e per capita. Using the SEMP har-
monized assumption of population (see Table 2), these
two targets correspond to a decrease in CO2 emissions
of 72% and 80% relative to 1990 levels (12.9 MtCO2 and
8 MtCO2), respectively5. We assume a linear decrease
of CO2 emissions between 2020 and 2050 as shown in
Table 2.
The Swiss Federal Council intends to move away from

subsidies to renewable energies and energy efficiency
measures to steering-based climate policies, where carbon
prices are used to meet the climate targets (Swiss Federal
Council, 2015a, b).We therefore consider three alternative
carbon tax schemes:

1. Economy-wide CO2 tax: A uniform carbon tax is
applied across the whole economy.

2. ETS and uniform CO2 tax: Carbon taxes are
separated between ETS and non-ETS sectors. ETS
sectors have a cap on emissions with a yearly
reduction factor of 1.74% (see Table 2), which is the
rate used in the EU ETS until 2020. Emissions from
non-ETS sectors have a uniform carbon tax.

3. ETS and differentiated CO2 tax: ETS sectors are
modeled as in the previous schemes. Non-ETS
sectors are differentiated between transport and
heating fuels. The CO2 taxes on transport fuels are
one fourth of the taxes on heating fuels.

The results of the policy scenarios are compared to a
business-as-usual (BAU) scenario where current climate
policies are assumed to continue, but are not intensified.
We assume a potential annual economic growth rate in
the BAU of 1.28% following the projections of the State
Secretariat for Economic Affairs (SECO), a levy on heat-
ing fuels from the CO2 ordinance (Swiss Federal Council,
2013) that reaches a level of 120 CHF/tCO2 in 2020, and
the cap on ETS emissions used in the policy scenarios.
Table 2 summarizes the assumptions in the BAU scenario.

5We assume that the reduction in CO2 emissions is proportional to the
reduction in GHG emissions and that the target is met domestically.

3 Scenario effects on themacro-economy
The policies modeled in the BAU scenario lead (in our
simulation results) to a reduction in CO2 emissions by
2050 of 54% compared to 2010 levels. Using the popula-
tion assumptions in Table 2, this reduction corresponds to
a level of GHG emissions per capita in 2050 of 2.8 tCO2
p.c.6 In this section, we present the results of our pol-
icy simulations as changes in macro-economic indicators
relative to this BAU scenario.

3.1 The effect of increasing the stringency of the target
The first research question we answer in the paper is what
are the effects of increasing the climate target from a BAU
scenario, in which emissions per capita in 2050 are 2.8
tCO2 p.c., to two climate scenarios with targets of 1.5 and
1.0 tCO2 p.c.
The first row in Table 3 presents the changes in utility

(life-time cumulative discounted consumption as shown
in Eq. 7) in the different scenarios compared to the BAU
case.7 In our simulations, using an economy-wide tax, the
changes to the economy needed to reduce per capita emis-
sions in 2050 by half (from 2.8 to 1.5 tCO2 p.c.) imply
utility losses of 1.69%. The extra efforts needed to further
reduce emissions to one third of the BAU emissions—
from 2.8 to 1.0 tCO2 p.c.—represent one additional per-
centage point in utility losses (2.64%). We find that the
difference in utility between targets (around 1 p.p.) is
roughly the same in all policy designs. The changes in util-
ity (using the economy-wide uniform tax) correspond to
a reduction in the growth rate of consumption of 0.2 and
0.3 p.p. (see second row in Table 3).
Besides consumption, other important macro-

economic indicators of the consequences of the climate
policies are investments and economic output. In our
simulations, the growth rate of total investments is higher
for the scenarios with climate policies than in the BAU
(third row in Table 3). This can be explained by the
inelastic labor supply assumed in the CITE model (see
Eq. 7). As shown by Karydas and Zhang (2017), if leisure
is disregarded (inelastic labor supply), an increase in
energy price due to the carbon taxation can promote
economic growth. This is due to the mobile labor between
manufacturing and research and the limited substitution
between labor and energy inputs in manufacturing. Car-
bon taxes reduce the demand for energy goods. Given
the limited substitutability between inputs this lower
energy demand implies a reduction in the demand for
labor in manufacturing and therefore an increase in
labor in research activities. Higher innovation can lead

6Note that we assume again a reduction in GHG emissions proportional to
the reduction in CO2-only emissions as we did to calculate the CO2 targets.
7We only take into account the non-environmental economic impacts of the
climate policies. Positive externalities from improved environmental quality as
a result of the climate policies are excluded from the study.
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Table 2 Harmonizing assumptions and CO2 targets

2010 2020 2035 2050 Reference

Harmonizing assumptions

Population (million) 7.8 8.7 9.8 10.3 BFS Scenario A-00-2015 (BFS, 2015)

Working population (million full time eq.) 3.85 4.31 4.58 4.63 BFS Scenario A-00-2015 (BFS, 2015)

Cap on emissions from ETS sectors (relative to 2013)a 0.88 0.68 0.52 EU ETS yearly reduction

CO2 targets

1.5 tCO2e target 1 0.849 0.571 0.284 SEMP (Landis et al., 2019)

1.0 tCO2e target 1 0.824 0.510 0.189 SEMP (Landis et al., 2019)

BAU scenario

Potential GDP (rel. to 2010) 1 1.18 1.43 1.66 SECO 2015b

Total energy use (rel. to 2010) 1 0.94 0.84 0.78 BAU scenario, Prognos (2012)

CO2 tax heating fuels (CHF/tCO2) 36 120 120 120 CO2 Levy (Swiss Federal Council, 2013)

CO2 tax transport fuels (CHF/tCO2) 0 0 0 0 CO2 Levy (Swiss Federal Council, 2013)

aThe cap is computed using a yearly reduction factor of 1.74% used in the EU ETS until 2020
bData provided by the Swiss State Secretariat for Economics Affairs (SECO)

Table 3 Macro-economic effect of simulated scenarios

Target

1.5 tCO2 p.c. 1.0 tCO2 p.c.

Changes in utility [%]

Economy-wide CO2 tax −1.69 −2.64

ETS and uniform CO2 tax −1.62 −2.63

ETS + differentiated CO2
tax

−2.35 −3.41

Aggregate growth of con-
sumption [%]a

BAU 1.18

Economy-wide CO2 tax 0.97 0.89

ETS and uniform CO2 tax 0.97 0.89

ETS + differentiated CO2
tax

0.93 0.86

Aggregate growth of
investments [%]

BAU 1.22

Economy-wide CO2 tax 1.68 1.77

ETS and uniform CO2 tax 1.65 1.73

ETS + differentiated CO2
tax

1.63 1.70

Aggregate growth of out-
put [%]

BAU 1.23

Economy-wide CO2 tax 1.209 1.229

ETS and uniform CO2 tax 1.206 1.231

ETS + differentiated CO2
tax

1.210 1.233

aGrowth rates in this table are calculated as the annual average growth rate of
aggregate between 2010 and 2050, in percentage

to higher investment levels in the scenarios with carbon
targets. Our results show higher investment levels with
the increase in stringency of the target (growth rate of
1.77% compared to 1.68%). Higher investments partially
compensate for the reduction in output due to the car-
bon policies, as shown by the growth rates of aggregate
output that remain relatively unaffected (see last row
in Table 3).
At the sectoral level, the introduction of the tax leads to

important structural effects. The first column in Table 4
shows the changes in the 2050 output compared to the
BAU. We present the results for the 1.5 tCO2 target
because results for the 1.0 tCO2 target are similar and
qualitatively the same analysis holds. Changes in sectoral
output range from an increase of 18% in the chemistry
industry (CHM) to a 25% reduction in other industries
(OIN, which includes heavy industries such as cement and
steel production) and a significant decrease in the sectoral
output of the energy sectors. Four sectors have a higher
output level in 2050 when applying the carbon targets:
chemistry, insurance, construction, and machinery.
The interplay of different mechanisms drives these

structural changes. First, energy intensive sectors are
more affected by the climate policy because the carbon
tax implies higher energy prices. Transport, agriculture,
and other industries have the highest share of energy used
in the production of the output (around 10%). These are
precisely the sectors with the highest reductions in total
output. On the contrary, machinery, chemical industries,
and the service sectors (including banking and other ser-
vices) have low energy intensities and are less affected by
the climate policy. Following this driver only, one would
expect gains in economic output from those three sec-
tors. However, the level of substitution from energy in
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Table 4 Changes in 2050 output, investment, high-skilled labor
and terminal capital by sector in 1.5 tCO2 p.c. scenario (in
percentage relative to BAU)

Sector Output (Yi) Investment Labor in
research
(LRi)

Terminal capital

CHM 18.27 21.49 23.48 16.83

INS 14.70 32.85 174.50 31.95

CON 12.58 26.82 29.88 19.31

MCH 11.41 3.82 −48.92 12.81

BNK 0.47 7.18 −0.21 4.56

OSE −2.01 6.84 −5.24 4.54

HEA −5.65 −1.11 −16.42 −0.68

TRN −21.99 2.82 −14.93 2.62

AGR −22.27 −5.80 −30.90 −4.56

OIN −25.10 −11.06 −40.50 −6.87

Energy sectors

ELES −14.80 33.00 33.23 31.09

OIL −48.04 −45.83 −5.35 −46.91

HET −60.37 −100 −100 −100

GAS −74.71 −100 −100 −100

the production of the intermediate varieties impacts the
results. We assume that the OSE sector has lower sub-
stitution possibilities (see Table 1) resulting in a slightly
lower output (−2% compared to BAU). The third mech-
anism driving the results is the increase in investment
due to substitution of energy with capital and the shift of
labor from manufacturing to research. This is illustrated
in the second and third columns in Table 4 that show the
changes in investments and labor in research for the year
2050. This driver fosters growth in the chemistry, insur-
ance, and construction sectors. An interesting case is the
transport sector, where output decreases (relative to BAU)
despite the increase in investments. The transport sector
in the BAU scenario has a significant growth that relies on
fossil fuels. The climate policies imply a reduction in the
use of fossil fuels, but at the same time, an increase in both
physical and R&D investments is needed for the energy
transition (development of infrastructure and new tech-
nologies). Finally, the reduction in the use of fossil fuels
and nuclear causes the decrease in output of the energy
sectors. However, investments and R&D increase for elec-
tricity while they decrease for the fossil fuels due to the
climate policy.
The changes in capital stocks from the BAU sce-

nario (see last column in Table 4) are roughly similar
to the changes in sectoral output. This means that cap-
ital shifts to the least energy intensive sectors, which
become more attractive for investors since they are less
affected by the higher energy prices resulting from the

carbon taxes. In the CITE model, the growth mecha-
nism is the increase in varieties, that is the increase in
capital stock. Sectors with higher capital stock have the
higher economic growth. Despite the relative changes in
capital accumulation in the different sectors, the growth
rate of all sectors and, therefore, the growth rate of the
economy remain positive when implementing the carbon
policies.

3.2 Alternative carbon tax schemes
Table 3 presents the effects on utility, consumption,
investment, and economic output of the economy-wide
tax and the alternatives of differentiating ETS sectors8 and
transport and heating fuels. Comparing the changes in
utility, we find that differentiating ETS and non-ETS sec-
tors does not have an important effect. However, when
the non-ETS sectors are further differentiated between
transport and heating fuels, utility is significantly reduced.
In our simulations, differentiating the carbon taxes
implies lower abatement and lower carbon prices for the
differentiated sector (see Fig. 4). Therefore, the differ-
ences in utility losses arise from the different additional
abatement undertaken by the non-differentiated sectors.
Emissions from ETS sectors in the uniform economy-wide
carbon tax scheme are reduced by 75% and 83% in 2050,
while we assumed, in the differentiated tax schemes, an
emissions reduction target of 52% (see Table 2). How-
ever, ETS emissions account in our calibration for only
10% of total emissions, so the additional abatement that
takes place in the other sectors is relatively low and the
whole economy remains practically unaffected. On the
contrary, when further differentiating the non-ETS sec-
tors, the cap on emissions from ETS sectors remains but
the carbon price on transport fuels—that accounts for 17%
of today’s emissions—is reduced by 1/3 (Fig. 4c, f ). There-
fore, the rest of the economy (non-ETS sectors excluding
transport) undertakes a significantly higher abatement,
resulting in larger utility losses.
However, the sectoral-differentiating scenarios do not

result in significant changes in terms of total investments,
which sustain economic output (see last two rows in
Table 3). To better understand these findings, Table 5
presents the growth rate of the sectoral outputs for the
1.5 tCO2 p.c. scenario (the same analysis holds for the
1.0 tCO2 scenario). Although the whole economy contin-
ues to have an annual growth rate of 1.2%, there are two
important effects on the sectoral decomposition: First,
since the cap on emissions from ETS sectors is lower
than the emission reductions obtained when applying an
economy-wide carbon tax, the resulting ETS carbon price
is lower (see Fig. 4b, e). The lower carbon price on ETS

8We assume chemistry (CHM) and other industries (OIN) to be the ETS
sectors in the model.
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Fig. 4 a–f CO2 price (in CHF/tCO2e)

Table 5 2010–2050 growth rate of output (in percentage)

Sector Economy-wide ETS and uniform ETS + differentiated

ETS sectors

CHM 1.48 1.33 1.29

OIN 0.05 0.22 0.21

Transport sector

TRN 0.31 0.29 0.45

Other non-ETS sectors

AGR 0.27 0.38 0.36

MCH 2.05 2.02 2.07

CON 1.54 1.51 1.50

BNK 1.39 1.39 1.39

INS 2.15 2.16 2.15

HEA 1.09 1.10 1.07

OSE 1.23 1.23 1.22

Energy sectors

ELES −1.25 −1.26 −1.25

OIL −3.50 −3.51 −3.34

GAS −5.61 −5.34 −6.65

HET −3.36 −2.82 −3.32

sectors allows a higher growth in the OIN sector (from
0.05 to 0.22%), which was significantly penalized by the
uniform carbon tax due to its high energy intensity. This
implies a slight reduction of the growth rate of the CHM
sector, but overall, the ETS sectors continue to grow at an
annual rate of 0.7%. All non-ETS sectors remain relatively
unaffected, and the higher emissions from the ETS sectors
are compensated by a small reduction in the economic
output of transport.
Second, in the scenario where transport fuels have a

lower carbon tax than heating fuels, the transport sector
has a higher growth rate (from 0.31 to 0.45%) implying
higher abatement in other sectors and a reduction in over-
all consumption. Since transport fuels have a lower carbon
tax, the incentive for carbon abatement in the transport
sector is reduced. To achieve the same carbon mitiga-
tion target, other sectors which are not entitled to the
tax reduction have to make greater efforts compared to
the uniform tax case. Therefore, those sectors result in
a lower production and higher prices. In the end, the
consumers lower the consumption of goods produced
from these sectors. Our model does not include pre-
existing tax distortions in the transport sector. These
distortions could reduce the increase in consump-
tion in the transport sector and therefore reduce
the additional abatement needed in the rest of the
economy.



Marcucci and Zhang Swiss Journal of Economics and Statistics           (2019) 155:9 Page 11 of 13

4 Discussion and policy implications
This paper studies the growth effects of two long-term
climate change mitigation goals and alternative steering-
based policies on the Swiss economy using a computable
general equilibrium model with endogenous growth—the
CITE model. Our results show that if R&D is the driven
mechanism for economic growth in the economy, cli-
mate policies might lead to an increase in investments
and long-term capital through the shift of labor from
manufacturing to research.
We analyze two alternative long-term targets for Swiss

emissions: 2050 per capita GHG emissions of 1.5 tCO2
and 1.0 tCO2. We compared these two targets to a BAU
scenario with per capita GHG emissions by 2050 of 2.8
tCO2 p.c. We find that realizing the climate targets has
some negative impacts on private consumption (a reduc-
tion in annual growth rate of −0.21 and −0.28 p.p) but
positive effects on investments (an increase in the annual
growth rate of + 0.46 and + 0.55 p.p) and relatively
unchanged economic growth driven by sectoral shifts.
The structure of the economy adjusts following the inter-
play of three factors: relative energy intensity of the sec-
tors, substitutability from energy in the production of the
intermediate varieties, and the relative attractiveness of
research. The third effect is achieved with the endogenous
growth mechanism and implies larger investments due to
the shift of labor from manufacturing to research. Since
the economic structure adjusts in favor of sectors with
relatively high capital intensity and low energy intensity,
besides carbon taxes, complementary policies to achieve
the climate goals could include changes in capital taxation
to give incentives to innovation.
The mitigation targets analyzed in this paper corre-

spond to a total reduction in CO2 emissions of 72% and
80% relative to 1990 levels. Our results are consistent
with previous studies using the CITE model. For instance,
Bretschger et al. (2011) find utility losses for a scenario
with an 80% emissions reduction of 2.6% compared to
the benchmark scenario, and Karydas and Zhang (2017)
find changes in utility for a 60% emissions reduction of
3.79% from BAU. However, compared to the models in
the SEMP study, the changes in utility from the CITE
model are higher. The results from the other models are
in the ranges of 0.16–0.36% and 0.24–0.48% for the 1.5
tCO2 per capita and the 1.0 tCO2 p.c. targets, respec-
tively (Landis et al., 2019). The other models in the SEMP
study include two recursive-dynamic models and one
static CGE. The main reason for these differences is that
the CITE model is the only one with a life-time cumu-
lative discounted consumption (the discount rate used in
the model is 4%). If the problem of the representative
household is to maximize the life-time consumption and
she foresees that the consumption will be significantly
reduced by the policy shock in the future, the optimal

strategy is to consume less at the beginning in order to
invest for future consumption. A recent study on the EU
energy policy that analyzes the EU climate target of reduc-
ing GHG emissions by 80% in 2050 compared to 1990
levels finds slightly lower changes in utility of −0.7 p.p.
but higher losses in total economic output of −0.25 p.p
(Fragkos et al., 2017). An important economy for
the global climate change mitigation goals is China.
Bretschger and Zhang (2017a) analyze a scenario for
China with a target of reducing carbon intensity by 65%
in 2030. They found a reduction in annual consumption
growth of 0.4 p.p. compared to the benchmark. The con-
sumption losses are higher than in our case given China’s
currently dependency on fossil fuels.
Concerning the steering-based alternatives, we find

that the economy-wide carbon tax is the most effective
option if we consider the effects on utility. Differentiat-
ing ETS and non-ETS sectors has relatively low impact
while applying a scheme where the tax on transport fuels
is 25% of the tax on heating fuels has a negative effect
on utility. This is driven by the relative contribution of
the sectoral emissions to total emissions and the relative
changes in the carbon prices of the differentiated sec-
tors. Therefore, an important part of the policy design
is determining the appropriate cap for the ETS sectors
or the appropriate rate of tax differentiation. We showed
that a relatively low cap on ETS or transport emissions
(equivalent to the low tax) implies an increase in the
abatement effort of the rest of sectors, which could lead
to an overall decrease in utility. However, these results
might change if all pre-existing taxes and (negative) exter-
nalities in the transport sector are taken into account.
Another important finding from our analysis is that the
relative changes in consumption due to an increase in the
stringency of the target are independent from the policy
setting.
An important assumption in our simulations is the

redistribution of carbon revenues.We assume that carbon
revenues are rebated to the households through lump-
sum transfers. Other studies using the CITE model show
that if carbon revenues are used as a subsidy for research
activities (Bretschger et al., 2011) or to lower capital taxa-
tion (Karydas and Zhang, 2017), the effects on consump-
tion can be reduced. This is an important point in terms
of policy design.
In the model, we assume that investors have per-

fect information concerning current and future policies.
Our results show that economic growth is sustained
via investments and endogenous innovation. We know
that future policy decisions are highly uncertain, which
could substantially increase the policy cost. Without com-
plete information on the future policy agenda, firms
face difficulties in making optimal investment decisions.
Therefore, a regulatory framework that is transparent,
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consistent over time, and early announced could foster
economic growth even in the presence of stringent climate
targets as in the case of the Swiss climate policy.
There are some external costs missing in the model.

For instance, the costs of decommissioning nuclear plants
and waste disposal, the costs of building up renewable
capacities and back-up technologies, the costs for remote
grids for renewable energies, etc. Moreover, avoided dam-
ages from climate change mitigation are not included (for
example, health costs associated with fossil fuel-related
air pollutants). All of these aspects are beyond the scope
of the paper. Additional exercises are needed to fur-
ther introduce those aspects in a macroeconomic model
for studying the technology landscape of Swiss climate
policies.
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