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1 Introduction

The Intended Nationally Determined Contributions (INDCs) announced during
the COP21 in Paris involve pursue with domestic climate policy implementation.
However, tensions between countries, households and economic industries still repre-
sent a barrier that must be lifted. Beyond equity issues at the regional or international
scale, globalization drives concerns about unilateral actions. In particular, preserva-
tion of the competitiveness of energy-intensive and trade-exposed (EITE) industries
and the risk of carbon leakage in the case of asymmetric action often come up in the
debate. Although the value-added of these industries represents a small fraction of
the industrialised countries” GDDP, their production remains highly strategic, and the
power of industrial lobbies has proven to be decisive regarding any attempt to im-
plement ambitious environmental taxation or quantitative control of greenhouse gas

emissions.

To protect these industries and increase the environmental efficiency of a unilateral
climate policy, different policy design has been proposed. Compensation mechanisms
or border tax adjustments (BTA) are often considered (Bohringer et al., 2012), but raise

international objections. Beside consequences for international cooperation, this kind
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of policy also drives compatibility issues with world trade organization (WTO) (Tra-
chtman, 2016). Thus, unilateral carbon tax reform is easier to set up, and, the way
to use the tax revenues represents a great potential of action to appropriately balance
macroeconomic, equity and competitiveness concerns (Bovenberg et al., 2008). Nu-
merous studies, based on either partial equilibrium models or computable general
equilibrium models (CGE), examined the impact of alternative policy design on com-
petitiveness and leakage issues. One the one hand, partial equilibrium models bring
high details on some keys EITE sectors (in particular cement and steel sectors) and use
relevant empirical information to analyse specific competitiveness constraints facing
by those sectors.On the other hand, CGE models often embark poor details on EITE
sectors, as by representing the economic system in a more aggregated way. However,
CGE models reveal all feedback effects on the economy, and therefore can be used to
estimate both industry and economy-wide effects. Recently, some efforts have been
be made to disaggregate EITE sectors in CGE models. These attempts have shown
that taking into account this higher level of "granularity" changes significantly the
evaluation of the distributional effects of climate policies (Alexeeva-Talebi et al., 2012;
Caron, 2012).

The paper proposes a method to keep benefits from both sectorial and general
equilibrium analysis. This method has originally been developed to build a hybrid
energy-economy Input-Output Table (IOT) at a regional scale but it can be apply
for any quantity flows(Lefevre et al., 2014). The approach consists in combining
economic and physical data from sectors analysis with monetary input-output data
from national accounts within a consistent and comprehensive "hybrid" accounting
system. It goes beyond previous disaggregation techniques only based on economic
data (Bohringer et al., 2012). So, in addition to the description of energy flows, we
apply this methodology to steel and iron, as well as cement (i.e. tons of steel and
cement). We illustrate the procedure with French data, and we analyse the effects
of a unilateral French carbon tax reform using a country-scale CGE model, ImacLiM-
SIn order to analyse disaggregation consequences, ImacLiv-S is calibrated either on
IOT with aggregated mineral and metal sectors, or on an hybrid IOT which isolates
cement from other minerals, and steel and iron from other metals. Finally, we proceed
to comparative static exercises by implementing a unilateral carbon tax of €80 per
tonne of CO2 ( tCO; ) based on the carbon content of all intermediate and final energy
consumptions. We analyse and compare the macroeconomic and distributive effects
of two policy options regarding the use of carbon tax revenues: (i) a non-recycled
carbon tax revenues case, which are allocated to the reduction of public deficits, (ii) a
recycled-revenues to finance a reduction of existing labour tax rates, which is a classical
option in double-dividend literature (Goulder, 2013).

The results show that keeping aggregated heterogeneous industrial sectors can be



misleading when exploring distributive consequences of a carbon price policy. The
disaggregation of cement and steel is required to analyse the important distributive
consequences into the production of minerals and metals. However, the use of the
carbon tax revenue has first-order effects on macroeconomic magnitudes, while the
level sectoral description has only second-order effects. This suggests the existence
of trade-offs in the use of the carbon tax revenues. Giving back revenues via labour
tax reductions is better for overall macroeconomic indicators. But, it is not enough for

EITE industries, as labour represents a smaller share in their cost than energy.

The next parts of this paper are organized as follows. Sub-section 2.1 Sub-section
2-1 describes our original protocol to build a hybrid quantity-economy Input-Output
Table (IOT) at a regional scale. We illustrate this protocol with 2010 data for France.
For better reading, we only present in the text a simplified version of the hybrid 10T,
with high level of aggregation (only one energy sector and one non-energy sector). The
technical details of the all hybridization procedure for France, for energy, cement and
steel, and the real 29-sectors table that have been built are given in appendices. Sub-
section 2.2 shows how procedure introduces differences in the empirical description
for metal and mineral sectors that matter for carbon policy analysis. Section 3 presents
the ImacLiM-S CGE model. Section 4 describes the macroeconomic and distributive
results obtained for the two recycling options of the carbon tax revenue and the two
level of sectoral aggregation. Section 5 concludes.

2 Hybrid accounting approach: the ImacrLiM procedure

Applied 2010 French economy, the hybridization method for Imacrim leads to
an input-output matrix of 29 sectors: 15 energy products and 13 industries and a
composite sector, gathering the remainder of the economy. All energy sectors, as
well as steel and iron and cement sectors, are described by flow quantities linked to
monetary values by a consistent system of price. In the following, we describe the

main ideas of the procedure. More details are available in the appendices 6 and 7.

2.1 Global approach for energy goods

"Hybrid" models are increasingly used to bridge the historical gap between bottom-
up and top-down approaches to energy-economy-environment (E3) modelling (Hour-
cade et al., 2006). By nature, hybrid models should rely on benchmark databases that
provide dual information on the economic flows in monetary value and in physical
units, notably for energy goods - the necessary condition to control the interface be-
tween economic and technical systems. Before be extended to industrial sectors, the
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Figure 1: Overview of the ImacLim hybridization procedure

procedure has initially been developed for energy sectors, thus showing it a significant
impacts on key empirical features that are important for policy evaluation (Lefévre
etal., 2014).

The method develops in two main steps (Figure 1).

The first step consists in reorganizing the physical datasets - that are the energy
balance (in million tons-of-oil equivalent, Mtoe) and energy prices (in Euros per Mtoe,
€/Mtoe) - into input-output formats compatible with that of national accounts. As
regards consumptions, this is not only a question of reallocating the physical energy
flows of the energy balance to production sectors or households; rather, this entails
re-interpreting the flows in national accounting terms, i.e. sorting out those that
indeed correspond to an economic transaction between national accounting agents, or
even combining some of them to compute such flows (e.g. directly assigning to their

accounting sectors the fuel consumptions of electricity autoproducers).

The real singularities of the ImacLiM procedure come up in the second step where the
trade-offs to adjust variables are made to guarantee the accounting balances. It starts
with the reconstitution of energy expenses at the disaggregated level by the term-
by-term product of volume and price tables. It then goes on with substituting this
table of energy expenditures to that pre-existing in the system of national accounts in
order to fully enforce energy statistics within the hybrid IOT. Other components of the



system are further adjusted to maintain the accounting identities, without modifying
the total value-added of domestic production. This is done (i) for all producing
sectors and households, by compensating the difference between the recomputed
energy expenditures and the original economic statistics through an adjustment of
the expenses on the most aggregated non-energy good, a composite remainder of not
specifically described economic activities, usually encompassing all service activities in
E3 models; (ii) for the energy sectors, by adjusting all non-energy expenses (including

value-added) pro rata the adjustment induced on total energy expenses.
The full technical details of each step are given in appendix 6 .

An important innovative feature of the ImacLim procedure is the introduction of
net-of-taxes purchasing price heterogeneities faced by economic agents. This feature
is motivated by observing a wide gap in the unit energy prices faced by firms and
households in energy prices statistics. To give just one example, in 2010 for France,
the average net-of-VAT purchaser’s price of electricity comodity was 105 €/ MWh for
households vs 72 €/ MWh for producing sectors - 45% higher. A closer scrutiny of price
data, available both net-of-taxes and all-taxes included, confirms that this gap is not
caused by taxation alone. Neither by sole means of transport and trade margins '.
It indeed but reflects contrasted pricing policies. It unquestionably translates extra
actual costs incurred for the fragmented distribution to individual households ("retail
element” of the cost), be they administrative or technical in nature. It is however
doubtful that any data outside undisclosed corporate data could allow a meaningful

distribution of these extra costs over the cost structure of energy production.

Because of this lack of information we introduce a set of "pricing margins" that
aggregate, for each economic user category, the deviations of the producers’s price
faced by each economic agent from the average producer’s price emerging from the
cost structure. A user-specific margin rate Tsy;; linked to the purchase of energy good
i by user j can be introduced to link the user-specific producers’ price to the average

producer’s price of energy good i :
pij = pi- (1 + TSMij)

By construction the aggregate margins compensate, and the balance of each energy

sector (or the energy aggregate in our numerical example here) is not modified.

The same approach is applied for decomposed metal sectors and non-metal mineral
sectors in order to isolate steel and iron and cement from the rest of the production.
Finally, we obtain description in quantities consistent with prices for those two sub-

sectors.

!Transport margins are small globally - 1,5% of domestic electricity bill - and trade margins are null
for electricity.



Production Price . Energy cost share in . Import Penetration
Initial value Prodution ¥ Imports M Export X L Trade Intensity
(pY) production Y rate
Unit euro/tons ktons ktons ktons % - -
Steel & Iren 504.69 30363 15887 20238 14.17 153 0.80
Other metals 1000 21204 12401 7314 2.47 0.95 0.48
Metals
1000 36528 23373 19012 7.38 1.20 0.59
Aggregated model
Cement 113.57 32899 3071 1311 19.41 0.16 0.08
Other minerals 1000 19397 6373 3232 4.39 0.56 0.30
Non metallic minerals
1000 23134 6683 3487 723 0.49 0.27
Aggregated model

Figure 2: Breakdown of metal and non-metal mineral sectors in hybrid IOT

2.2 Comparison between Imaclim hybrid IOTs for France 2010 with original
national accounts

The discussion around data hybridization procedures could be argued to be purely
technical if in practice the three sources of information (for values, prices and volumes)
were more or less spontaneously consistent and data hybridization processes would
result in similar IOTs. However, as practical results demonstrate, it may not be the

case by large amounts.

Hybridization process changes macroeconomic characteristics of Imacrim hybrid
IOTs for France 2010 compare to original national accounts. Much specifically, it
impacts the size of the energy sector within the total economy,and the breakdown
of total energy expenses and consumption between firms (productive sectors) and

households. These changes are explained in (Lefevre et al., 2014).

The hybridization method allows to highlight sectoral heterogeneities originally
hidden in the initial descritption and the simulation without this data processing effort.

Figure 2 shows that energy cost shares in production are much more important

for cement and steel and iron production than for the rest of their aggregated sectors.
Indeed, for the steel industry, energy expenditure represents over 14% of expenses
for a production unit, while for the rest of the metal sector, energy represents only
2.5%. The share of energy in cement production reached nearly 20%, while for the
rest of non-metallic minerals, energy represents only 4.9% of spending. Considering
these sectors as a whole, energy costs represent 7.4% for metallurgy and 7.2% for
non-metallic minerals. Not taking into account this heterogeneity could be misleading
when implementing carbon tax reform.
Trade intensity is also heterogenous across sectors. Steel industry has a 61% higher
rate than the rest of the metallurgy. Its import penetration rate is 85% higher than the
rest of the metallurgy. Regarding cement sectors compared to the rest of non-metallic
mineral sector, it appears that cement is less trade exposed compared to the rest of
the non-metallic minerals sector, which is easily understandable because of transport
problems. We can observe same conclusion for import penetration rate.

Not taking into account these heterogeneities by keeping average value for aggregated



sectors could be misleading when implementing carbon tax reform. As the weight of
the energy differs significantly in production accros sectors, the impacts on production,
consumption and ultimately on international trade could be different. To explore tax
arrangements at the country scale of France that can help to reduce the negative aspects
of the application of carbon tax through objectives comprising equity, competitiveness
for EITE sectors and better environmental efficiency, it seems relevant to introduce all

these heteorgineity into the modelling framework.

3 ImacLiM-S FRANCE modeling framework

3.1 General description of ImacLIM-S

The ImacLim-S model is a computable general equilibrium model devoted to car-
bon policy analysis through comparative statics (Samuelson, 1948). The version V2.5
applied in this paper is an open-economy version distinguishing four types of agents
(households, firms, public administrations, and the ‘rest of the world’) and up to 29
productions (15 energy goods, 13 industries and a composite good aggregating all
other goods and services).

ImacLIM-S is a 'hybrid” model in the sense that it pictures energy volumes that are
not deduced from national accounts statistics and a single energy price hypothesis,
but rather result from an effort to harmonise these macroeconomic data with energy
balances and energy prices statistics in the reference year. This hybridisation of the
input-output table facilitates the integration of some engineering expertise about tech-
nical flexibilities at a given time horizon. In particular, energy efficiency improvements
of equipments and infrastructures used by both the producer and the consumer are
bounded by exogenous asymptotes. As a result, the model exhibits price elasticities
that gradually decrease as the relative energy prices increase (rather than constant

elasticities).

The income flow associated with the flow of goods starts with the remuneration
of production factors plus net payments from/to the rest of the world. It continues
with distribution operations orchestrated by the public administration between the
four categories of agents: taxes (payroll taxes, value-added tax, energy product tax,
corporate tax, income tax, etc.) and transfers (unemployment benefits, pensions,
etc.). Once they have made their consumption and investment choices, agents lend or
borrow on financial markets depending on whether their exhibit positive or negative
savings. This affects their financial positions and the associated income flows (debt

services, interest payments).
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Figure 3: Overview of the ImacLiM-S FRaNCE model framework

The model is calibrated on 2010 data. Its formal structure are available in appendix

The work of hybridization data allows to calibrate the model on an input-output
table with up to 29 sectors. In order to not multiply the distributional effects, the paper
focus on two levels of aggregation, described in table 1 and table 2. In both cases, we
keep a detailed description of main energy sectors. Industrial sectors are aggregated
in except for metallurgy and non-metallic mineral sectors. The composite sector is the

rest of the economy, mostly composed by service sectors.

The model is then calibrated on both level of aggregation. The model calibrated
on sectors described on table 1 considered metallic and non-metallic mineral sectors
as a whole. The model calibrated on sectors described on table 2 divides each of these
sectors into two sub-sectors. The description of the steel and cement is then "hybrid":
production are described in both physical quantities and values, linked by consistent

price system.

3.2 Carbon tax policy

The comparative statics analysis amounts to distort the ‘image” of the no-policy
economy by an external shock: the carbon tax. The simulated tax reforms differ only
in the way in which tax proceeds are recycled. The carbon tax common to all reforms



ImacLim-S FRANCE - aggregated version

|

Sectors \ Hybrid accounting system \ Quantity units ‘

Crude oil YES Mtoe

Gas YES Mtoe

Coal YES Mtoe

Fuel Products YES Mtoe

Electricty YES Mtoe

Heat,Geothermy, solar thermic YES Mtoe
Metals NO -
Minerals NO -
Other Industries NO -
Agriculture NO -
Composite NO -

Table 1: Sectoral details of aggregated model

ImacLim-S FRANCE - hybrid and disaggregated version

Sectors \ Hybrid accounting system \ Quantity units
Crude oil YES Mtoe
Gas YES Mtoe
Coal YES Mtoe
Fuel Products YES Mtoe
Electricty YES Mtoe
Heat,Geothermy, solar thermic YES Mtoe
Iron and steel YES tons of steel and iron
Non ferrous metals NO -
Cement and clinker YES tons of cement and clinker
Minerals NO -
Other Industries NO -
Agriculture NO -
Composite NO -

Table 2: Sectoral details of disaggregated model




is assumed unilateral, without border adjustment measures for now, imposed on the
carbon content of all fossil fuel sales. It is supposed to have grown smoothly since
1990, leading to ‘counterfactual 2010 Frances” adjusted to the 10-year reform.

We analyze the impact of a substantial €80 per tonne of CO2 ( tCO, ). For early
observations, we focus on two cases. First, we analyze an implementation of carbon
tax without any redistribution of the revenues generated by this tax. As any strong
feedback effect of public debt variation are modelled, this option isolates the conse-
quences of higher energy prices from those of returning revenues to domestic agents.
Secondly, we simulate a classical recycling option in the "double-dividend literature"
: a carbon tax which revenues are used to decrease existing labour tax. In France, as
in most European countries, the best option from a macroeconomic point of view is to

use the revenue to finance a reduction of labour tax rates (Goulder, 2013)

4 Early results

4.1 Macroeconmic effects

From the macroeconomic point of view, two main conclusions emerge from results
represent in figure 4. Firstly, macroeconomic outcomes are sensitive to the recycling
option used for carbon tax revenues. This is in line with the double dividend literature
(Bovenberg, 1999; Goulder, 1994, 2013). The macroeconomic cost of the environmental
tax reform in terms of GDP and employment is lowered when the carbon tax revenue
is used to finance a reduction of the labour tax. Secondly, macroeconomic outcomes
are hardly sensitive to the initial "granularity" description of the industry sectors. This
appears to be also in line with studies focusing on the macroeconomic and distributive
effects of border tax adjustments (Caron, 2012; Bohringer et al., 2012). The level of
industrial aggregation has only second order effects on the variations of aggregate

components.

More precisely, public deficits is further reduced when carbon tax revenues are not
returned to domestic agents (around -3.7% instead of -1.6% with recycling revenues
of carbon tax). However, the economic activity and the level of employment are
much more impacted without any recycled process(-1.8% instead of -0.2% for real
GDP, and -1.6% instead of +0.1% for employment). This is a classic result from
the double dividend literature: when the revenue of a carbon tax is not returned
to domestic agents, the reform harms the whole economy by increasing the firm
production cost and reducing purchasing power of households. This leads to higher
costs for comparable emissions reductions (-9% to 10% reductions). Without recycled
revenue, production and consumption prices are greatly affected (+3.4% and +4.1%
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respectively). Therefore, both domestic and external demand shrink, contributing
in GDP depression (-0.8% for the contribution of household consumption to GDP,
-0.4% for investment, and -0.4% for exports). In addition, domestic consumption shifts
to foreign products and the proportion of imported goods increases (+6.7%). This
reduces even more GDP (-0.1% for the contribution of higher imports to the GDP
reduction). Technical substitutions and structural change induce a decrease in energy
intensity of domestic productions (-5.7%). However, this is not enough to outweigh the
increase in energy prices for firms (+26.5%), and energy cost share greatly increases
(+14%). Furthermore, through the wage curve equation, workers tend to maintain
their purchasing power by demanding higher net-of-tax wages (+2.5%). Thus, part of
energy tax is shifted to the firms, which harms the production costs and international
trade.

On the contrary, when carbon tax revenues are recycled, price’s increase is mitigated
by a lower level of labour taxation (+1.0% for production prices, +2% for consumption
prices). However, as energy intensive sectors are less negatively affected, the energy
intensity remains higher (-4.5% instead of -5.7% without recycled revenues), and there-
fore energy cost share (+15%). But this negative effect is outweighed by the positive
effect of lower labour costs (+2.2% instead of +2.5%). On the one hand, the higher
net-of-tax wages demanded by workers (+2.2%) is compensated by lower labour taxes
(-8.4%). As a result, both wage incomes and households’demand are sustained, and
the lower increase in production costs limits the negative consequences on the real
trade balance. The decrease in exports and the increase in imports less contribute to a
drop of effective demand and GDP (-0.1% instead of -0.4% for exports, and slightly less
for imports). On the other hand, recycled revenues reduce the relative cost of labour
compared to energy. As a result, the labour intensity of production also progress more
(+4.5%) and total employment is preserved (+0.1%). Therefore, although the carbon
tax revenue is returned to domestic agents, the other tax bases are less eroded. Thus,
the tax reform also reduces slightly the public deficits (-1.5%).

As noted before, disaggregating industrial sectors has only second order effects on
macroeconomic magnitudes. However, the sectoral disaggregation leads to slightly
higher penetration of imported productions (0.1% more for both recycled revenues
simulations) and slightly higher decrease in exports. Total emissions are also lowered.
We will see that this is the result of describing the most energy intensive segments of the
industrial production. Indeed, these aggregate results hide an important heterogeneity
among production sectors.
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Revenue-recycling option No recycling (public deficit reduction) Labour taxe reduction
BO€/tCO2 carbon tax
Description of industrial sectors Aggregated model Disaggregated model | Aggregated model Disaggregated model

Output -2.04 -2.02 -0.47 -0.45

Intermediate consumption in Ouiput -1.10 -1.09 -0.36 -0.35

Gopinoutput 1 09a T s I ‘o ]
GDP 1.81 -1.78 0.20 0.18

Households consumption in GDP -0.88 -0.83 0.07 0.12
'''''' Public consumptionin GDP___ | oo |_ " oe0 [~ " emo_ 1 oo ]
'''''' InvestmentinGDP___ | """p3s |7 " g3 | oo | aes ]
'''''' BportsinGop T gy T e [T T a1 T e
'''''' mportsinGor T T pha T T was T T T e T T
Households consumption -1.56 -1.48 0.13 0.21

Energy in consumption -0.16 -0.15 -0.13 -0.13
'''''' Nonenergyinconsumption | xao |7 iz T[T ez 1T Toma T
Imports/Domestic production ratio 6.75 6.85 4.59 4.70
Production Price 3.42 3.48 1.09 1.15
Households Consumption Price 4.05 4,10 2,11 2,17
Total Employment -1.66 -1.64 0.08 0.10
Labour Intensity 0.12 0.12 0.26 0.25
Energy Intensity -5.70 -5.85 -4.47 -4.63
Energy cost share 14.23 14.02 15.90 15.66
Labour cost share -0.49 -0.47 -0.39 -0.97
Energy Price for firms 26.52 26.53 26.04 26.05
Net-of-tax wages 2.54 2.61 2.22 2.30
Labour tax rate 0.00 0.00 -8.44 -5.41
Energy Price for households 21.20 21.22 20.58 20.60
Neon energy Price for households 2.34 2,89 0.80 0.86
Total Emissions -9.80 -10.01 -8.35 -9.13
Public Deficits -3.67 -3.81 -1.58 -1.70

Figure 4: Cross comparaison of macroeconomic key indicators

4.2 Distributional impacts on sectors

The tables in figure 5 and 6 represent main results of the four simulations : either
on disaggregated or agregated input-output table, with a carbon tax implementation

which revenues are recycled or not.

First of all, we observe that the distributional effects are different between sectors,
some sectors are much impacted by an implementation of a carbon tax than others:
production prices pY increase more, production faces higher reduction. Within a same
carbon tax reform, one or the other, we observe that for sectors which keep the same
level of description between the two model versions, impact of the policy on different
indicators remains at the same degree. Indeed, the carbon tax policy without recycled
revenues induces a 1.14 increase in electricity production price, either on detailed
model or the aggregated model, the production faced a 0.96 decrease in quantities
term in both model, while imports growth from 1 to 1.09 compared to the initial value.

Comparing the distributional impacts in the two policy cases, it appears that recy-
cling tax revenues into a reduction of labour tax rate preserve a bit more all industries.
Globally, production prices of all firms increase less and production, as well as ex-
ports, fall less. Keeping the example of electricity, the production price increase by
11% (1.11 as ratio of prices) compared to initial value against 14%, as said earlier. The
production faced a 2% decrease (0.98 as a ratio of prices) against 4%. As production

12



C e bon t . . . -
Dmpafm’mnr a{ - Ca;hmr “ Production Price Prodution Import M ExportX Enerey cost sharein Trade Intensi Import Penetration rate
implementat r[cm withou "™ . P P production ¥ ity pe
recycling

Unit Ratio Ratio Ratio Ratio Growth rate (%) Growth rate (%) Growth rate (%)

Detailed ! Aggregated | Detailed | Aggregated | Detailed | Aggregated | Detailed | Aggregated | Detailed | Aggregated | Detailed | Aggregated | Detailed | Aggregated

IVIODEL VERSION ‘model ‘model ‘model ‘model ‘model ‘model ‘model ‘model ‘model ‘model ‘model ‘model ‘model ‘model

Crude_oil 1.04 1.04 0.50 0.0 0.93 0.93 1.00 1.00 12.18 12.20 0.01 0.01 0.01 0.01

Natural_gas 1.03 1.03 0.91 0.91 0.94 0.94 1.00 1.00 7.19 7.20 0.33 0.32 0.20 0.20

Coal 218 2.18 0.37 0.38 0.81 0.82 0.93 0.93 10.94 10.94 0.73 0.68 0.50 0.47

FuelProd 1.06 1.06 0.93 0.93 0.99 0.99 0.98 0.98 0.36 0.37 1.30 131 1.03 1.04

Electricty 114 114 0.96 0.96 1.09 1.09 0.93 0.93 67.38 67.44 -2.58 -2.58 -0.29 -0.29

HeatGeoSol_Th 1.36 1.36 0.92 0.93 0.63 0.62 Nan Nan 2.65 2.66 Nan Nan Nan Nan

Steel & Iron 116 - 0.89 - 1.04 - 0.95 - 53.0 - 0.16 - 0.28

Other metals 1.04 - 0.96 - 0.99 - 0.99 - 16.1 - 0.59 - 0.46

Metals

P 1.09 1.09 0.93 0.91 1.01 1.02 0.96 0.97 8.4 51.84 0.84 0.03 0.90 0.03
[ e o S

Cement 115 - 0.93 - 1.07 - 0.93 - 224 - -0.65 - -0.10

Other minerals 1.05 - 0.96 - 1.02 - 0.98 - 29.9 - 0.00 - 0.00

Non metallic minerals
- 107 1.07 0.96 0.96 1.02 102 0.97 0.97 282 29.38 -0.57 -0.08 -0.52 -0.03

othindus 104 1.04 0.97 0.97 1.01 1.01 0.98 0.98 19.47 19.50 0.02 0.06 0.02 0.04

Agriculture 1.04 1.04 0.97 0.97 1.01 1.01 0.98 0.92 21.64 21.68 0.21 0.25 0.07 0.09

Composite 1.03 1.03 0.92 0.98 1.01 1.01 0.92 0.92 15.91 15.94 011 -0.08 -0.02 -0.01

“aggregated results have been calculated sing fisher price index and fisher quantity index for Getailed model

Figure 5: Cross sectorial comparaison of key indicators with a non-reycled carbon tax

price increases, exports fall down, of 6% , that is not so much than the policy without

recycled-revenues. Finally, imports rise less; 8% against 9%.

If the level of sectorial description seems to not change global impacts, disaggre-
gation reveals high level of heterogeneity among sectors. Steel and cement sectors
are much more impact by a carbon tax policy implementation than the rest of their
corresponding sectors. As steel and cement sectors are much more energy intensive,
their production prices increase a lot compared to the rest of their rest of metals and
minerals sectors. Indeed, in the case with recycled-revenues of the carbon tax, pro-
duction prices of steel and cement sectors rise up to respectively 14% and 13%, while
the rest of those sectors only faces respectively 1% and 3% of increase. This is very
understanding espacially for steel, as the energy cost share in production growth up
significaly to 54.6%. Behaviors are also very different in analyzing trade intensity and
the import penetration rate, and even sometimes go in opposite directions. Keeping
those sectors aggregated introduce a consequent bias. As example, trade intensity
decreases, although few, for steel industry (-0.08%) while trade intensity of the rest of
the metallurgy increases (0.39%), whith the recycled-revenues policy. The sign of trade
intensity for steel sector can be explained. Production in value increases (production
price increases more than production in quantities decreases), as well as imports plus
exports in value increases. However, production in value increases more than the
terms of trade. As consequence, trade intensity growth rate fall down to under 0, but
for the rest of the sector, trade intensity goes up (+0.39%). If we keep metal sector as
a whole, trade intensity goes down (-22%). Cement trade intensity goes down much
more than the rest of the minerals sectors ( -0.95% against -0.21%). Considering the
minerals sector as one entire sector in the simulation, we hide this difference (-0.29%).
The negative growth rate import penetration rate for steel (-0.13%), and cement (0.15%)
is due to a rise for domestic demand in value, that is more important than the rise of
imports in value. Once more, keeping aggregated those sectors hide very different

effects across their "sub-sectors" and reveal significant aggregation biais.
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Comparaison after carbon tax

Production Price Prodution Energy cost share in
implementation recycled into

ImportM Export X Trade Intensity Import Penetration rate

(39} Y production ¥
labour tax
Unit Ratio Ratio Ratio Ratio Growth rate (%) Growth rate (%) Growth rate (%)
MODEL VERSION Detailed | Aggregated | Detailed | Aggregated | Detailed | Aggregated | Detailed | Aggregated | Detailed Detailed Detailed
model model model model model model model model model model model model model model
Crude_oil 1.01 1.01 0.93 0.93 0.94 0.94 1.00 1.00 12.90 12.92 0.01 0.01 0.01 0.01
Natural_gas 1.01 1.00 0.54 0.94 0.95 0.95 1.00 1.00 7.64 7.66 0.28 0.28 0.17 017
Coal 218 218 0.38 0.38 0.82 0.83 0.93 0.93 1110 1111 0.69 0.64 0.48 0.44
FuelProd 1.05 1.05 0.94 0.94 0.99 0.99 0.98 0.98 0.59 0.60 1.06 1.07 0.85 0.85
Electricty 111 111 0.97 0.97 1.08 1.08 0.94 0.94 70.07 70.15 -2.65 -2.66 -0.30 -0.30
HeatGeoSol_Th 1.35 135 0.84 0.94 0.64 0.63 Nan Nan 9.08 9.09 Nan Nan Nan Nan
Steel & Iron 114 - 0.91 - 1.04 - 0.95 - 24.6 - -0.08 - -0.13
Other metals 1.01 - 0.98 - 0.39 - 0.39 - 17.1 - 0.33 - 0.31
Metals
1.07 107 0.95 0.95 1.01 102 0.97 0.98 49.9 53.65 0.63 -0.22 0.66 -0.24
Aggregated resulis*
Cement 113 - 0.94 - 1.07 - 0.94 - 23.4 - -0.95 - -0.15
Other minerals 1.03 - 0.98 - 1.02 - 0.99 - 317 - -0.21 - -0.11
Non metallic minerals
1.05 1.04 0.98 0.98 1.02 102 0.98 0.98 29.8 31.04 -0.80 -0.29 -0.64 -0.13
Aggregated resulis*
Othindus 1.02 102 0.89 0.99 1.01 101 0.89 0.99 2107 2111 -0.17 -0.13 -0.14 -0.11
Agriculture 1.02 102 0.99 0.99 1.01 101 0.99 0.99 23.39 23.44 -0.09 -0.05 -0.03 -0.02
Composite 1.01 1.01 1.00 1.00 1.01 1.00 1.00 1.00 17.41 17.45 -0.16 -0.13 -0.03 -0.02

“oggregated resuits have been calculated using fisher price index and fisher quontity index for detailed model

Figure 6: Cross sectorial comparaison of key indicators with a reycled carbon tax in
labour tax reduction

5 Conclusion

We have focused on one of the major constraint on policy design: the competitive
pressure that companies are facing in a highly globalized world. More precisely,
we have focused on the risk of profit losses for major industrial stakeholders which
often hinder political acceptability. We have proposed a methodological development
which consists in combining the economic and physical data from sectoral analysis with
monetary data from national accounts. The resultis a consistent accounting system can
then be used for general equilibrium evaluations of alternative policy designs. It can
also be used to reach a relevant level of description of the main vulnerable economic
actors.

The early numerical results show that the macroeconomic outcomes of a carbon
tax are very sensitive to policy design, in this paper, the recycling revenue strategy, but
much less to the level of sectorial description on which the model is calibrated. This
result is consistent with previous studies focused on BTA, as Caron (2012). However,
the distributional outcomes are important, especially within the production of metals
and minerals. Thus, aggregation hides important disparities and losses for segments
of those sectors, which are both highly energy intensive and exposed to international
trade. Nevertheless, this level of granularity is not captured in most macroeconomic
and multi-sectoral models. Lowering the labour tax with the carbon tax revenue
preserve most of economic activities, and leads to better macroeconomic outcomes.
However, it is not enough to avoid important profitability losses for major industrial
stakeholders. Some accompanying measures are expected to preserve these industries

and to reconcile competitiveness issues with macroeconomic efficiency.

Some limits deserve to be highlighted. These first simulations do not consider
the existing uncertainty on some crucial parameters, in particular: (i) the substitution
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possibilities away from fossil energies, (ii) the wage-setting behaviours, (iii) the sensi-
tivity of international trade to production costs and prices (exports and imports). A
sensitivity analysis should be provided in order to examine how these parameters can
influence the cost rankings of the alternative policy options. In addition, other trade-
offs are to be considered to rightly evaluate the costs and benefits of these alternative
options. In particular, other important national objectives have been neglected: the
distribution issues among individuals and the equity concerns, the control of public
deficits and the other public finance objectives. The scope of the trade-offs to be con-
sidered in the use of the carbon tax revenue is larger. Some portion of the proceeds
can be allocated to vulnerable households, and the fiscal envelop available for com-
pensations depend on the budgetary rules followed by the government. All these
considerations influence the cost rankings of policy options (Goulder, 2013). Further
developments are needed to analyse the distributive effects among households and to
simulate different systems of public finance.

Finally, the model does not account for carbon leakages. The simulations display
an increase in imports of energy intensive products while domestic production costs
increase. However, in those cases, the "production-based" level of the country’s emis-
sions decreases, while these energy-intensive products are still consumed within the
country. An indicator of "consumption-based" emissions will be provided in further

analysis in order to fully observe the environmental impacts of these policies.
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6 Appendix A: technical details of the ImacrLim hybridization

procedure illustrated on the example of France for 2010

Step 1: Elaborating supply-use tables in physical units for energy

Before getting dual accounting systems for some intensive industries, we begin the
procedure with energy sectors. Because tables of resources and uses of energy flows
and prices are not available from statistical institutes in a standardized manner, they
must be built through the collection of different data sources.

. . Non-
2010 - Million ton oil-equivalent, Mioe I:rl:?rzl;y eﬁgfg:y valuables Total
energies
R Praduction 1 121 13 133
- Imports 68 94 ] 162
A Expors -0 -33 0 -33
A Marine & Aviation bunkers 0 1] ] a
r4  Total Primary Energy Supply 69 182 13 265
" Transformations -69 -17 -0 -G6
A Energy industry own use 0 -10 1] -10
" Losses 0 -4 0 -4
A Total Final Consumption 0 151 13 164
R4 Iron and steel 0 4 0 4
R1 Mon ferrous metals 0 1 0 1
o Mon metallicminerals 0 4 ] 4
1 Construction 0 1 0 1
71 Chemical and petrochemical 0 G ] g
- Faper, pulp and print 0 2 1 2
R4 Mining and quarrying 0 0 0 0
. Transport equipement 0 1 ] 1
R Otherindustries 0 ] 1 i1
A1 Transport 0 48 0 48
Rz Residential 0 36 8 45
? Agricuture and forestry 0 4 Q 4
R Fishing 0 ] 0 ]
e Othersectors 0 27 3 30
. Mon-energy uses 0 ] 0 g

Source [ IEA 2070
Table 3: Simplified structure of the IEA energy balance

The methodology, explained as follows, has been carried out for those energy
sectors : Crude oil/ LNG/feedstocks, Natural gas, Coking coal, Bituminous coal, Coke
oven coke, Other coal products, Gasoline, LPG, Jet Fuel, Diesel and heating oil, Heavy
fuel oil, Other petroleum products, Biomass & Waste, Biofuels, Electricity, Nuclear,
Hydro, Wind/Solar PV/Tide, Heat/Geothermal/Solar Th. For the sake of simplicity we
illustrate the method with only two aggregated energy types: primary energy and

final energy.

Starting from IEA energy balance, statistical gaps and stock changes are first dis-
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tributed between primary supply and consumptions (transformations or final con-
sumption). Then, we isolate in marine and aviation bunkers, the consumption cor-
responding to national company to return those volume of energy in the sector of
transport. The amounts of remaining energy are returned to exportation. After those
pre-treatments, we can identify (Table 3) domestic production (R1), international trade
(R3-4), transformation processes and the distribution of final consumption across ac-
tivities (R10-24).

Difficulties of the transformation from the energy balance to a supply-use format
are twofold. On the one hand, the energy balance does not distinguish between inter-
mediate consumption of productive sectors and households’ final demand because it
does not include information whether energy consumption serves to produce goods or
directly the final consumer’s needs (for mobility, heating, etc.). This question arises es-
sentially for transport (R19) and residential (which mixes residential and tertiary-R20),
and the decomposition for these two activities is dependent upon the availability of
complementary datasets (e.g., transport and households’ surveys). On the other hand,
energy flows must be explicitly reconstituted to exclude the elements of the balance
that do not correspond to commercial energy uses (e.g., non-energy uses, renewable

energies, transformation by autoproduction of secondary heat or electricity).

In practice, the elaboration of physical accounting systems can be divided in three
sub-steps:

Sub-step 1.1 : disaggregating the description of certain products or uses. This
step requires additional information from external statistical sources to define the
split of quantities reported in an aggregate manner in the balance (in the absence of
information, ad-hoc assumptions must be made). In the case of France, an important
feature is, for example, to distinguish fuels used for households” mobility of those used
for transport sectors. To this aim, the description of refined products in the energy
balance must be complemented by more precise information on the details of uses.
Table 4 illustrates the disaggregation of the transport sector (R19-20) using external

sources of information.

Sub-step 1.2 : delineating the domain of analysis. In practice, this comes down to
isolating the crucial components of the balance for the question under consideration.
This means suppressing the rows and columns that correspond to activities outside
the core analysis without introducing disequilibria in the balance. For example, the
withdrawal of renewables and wastes is not problematic because it is a rather inde-
pendent production process and it is then sufficient to add the volume of electricity
produced from these sources . On the contrary, suppressing non-energy uses requires
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. . Non-
2010 - Million ton cil-equivalent, Mige Zﬁ:?&?’ eﬁ:ﬂv valuables | Total
energies

=1 Production 1 121 13 135
- Impors 68 84 ] 162
=3 Exports -0 -33 ] -33
= Marine & Aviation bunkers ] ] 1] i}
=4 _ Total Primary Energy Supply 69 182 13 265
- Transformations -69 -17 -0 -86
- Energy industry own use i -10 1] -10
- Losses 0 -4 0 -4
= Total Final Consumption 0 151 13 164
- Iron and steel ] 4 ] 4
a1 Monferrous metals 0 1 0 1
- Mon metallic minerals 1] 4 1] 4
513 Construction 0 1 0 1
14 Chemical and petrochemical 0 ] ] 2]
e Faper, pulp and print i a9 1 2
- Mining and quarrving 0 0 0 0
217 Transport eguipement ] 1 ] 1
- Otherindustries 0 9 1 11
210 Transport - Households 0 24 0 24
oo Transport - Sectors 0 24 ] 24
21 Residential 0 36 8 43
- Agricuture and forestry i 4 i 4
- Fishing i ] 1] 0
e Dther sectors 0 27 3 30
e Mon-energy uses 1 12 0 13

Source | [EA; Odysses Energsls - 2000

Table 4: Energy balance after sub-step 1.1

an equivalent decrease of resources.

Sub-step 1.3 : aggregating and allocating quantities of the energy balance in Table 4
according to the nomenclature of the final input-output matrix. This imposes to adopt
a level of aggregation compatible with the nomenclature of national accounts, which
comes down to aggregating columns and rows consistently with the level of description
adopted in the input-output matrix. In our illustrative example, the columns have not
tobe modified because they directly correspond to the level of disaggregation of energy
in national accounts; but, concerning rows, the study being focused on industries and
households, intermediate consumption by tertiary activities must not be isolated and
can then be aggregated with the consumption of other sectors.

Sub-steps 1.2 and 1.3 cannot be completely automated because they involve a
number of tradeoffs depending on available datasets, the context and the question

under consideration. The most important choices concern:

1. How to assign final energy use. When surveys on consumption per use are
missing, it becomes necessary to use information from similar economies where
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these data exist (e.g. Odyssee, Eurostat, or Enerdata database for transport sector)
or or to deduct the diffracting coefficients from national accounts by adapting
the Leontief technique (Moll et al., 2007).

. How to establish input-output description consistent with the level of aggre-
gation. Volumes of energy must be allocated in accordance with the concepts
of supply and use tables (Resources, Uses and Intermediate Consumption). The
way to do this assignment depends on the level of aggregation used. In the
example of France, only cross-sectoral exchanges associated with refining are
described (disaggregated industry), other processing methods are not detailed

(aggregated sector) .

. How to assign own uses. Most of the time, the amount of own used energy is not
linked to any economic transaction, but must be recognized because it account
for the estimation of technical coefficients, CO, emissions, and the opportunity
cost they represent during the introduction of the carbon price (because losses
and own uses reduce the net efficiency of the transformation). In particular, it
seems consistent to identify own uses with distribution losses for coal, gas and

electricity, and to transformation processes for refineries.

. How to describe the processes of co-productions. The relationship between
coproductions is not described in the symmetrical input-output tables, which
conventionally postulates a separation of the conditions of goods” production.
This assumption is not acceptable for some sectors (for example, in studies of
agricultural production systems) and flows of co-production must then be de-
scribed as well as the technical fundamentals which link the productions. In
the example of France, this question remains of second order: in the circuit of
commercial energies, only a small amount of refined products and industrial
gases are by-products of other production processes (petrochemicals and inor-
ganic chemistry) and we treat them as domestic resources into refined products

and gas.

From sub-steps 1.1to 1.3, we are finally able to get the input-output table in physical

unit, represented in Table 5. For the sake of simplicity, for next explanations, and

next illustrations, non-energy sectors have been aggregated into one composite sector.

However, this work has been carried out keeping all following sectors isolated from the

composite sector : nteel and iron, non ferrous metals, minerals, buildings construction,

chemical and pharmaceutical, paper, mining, transport equipment, transport services,

agri-forestry, fishing, food industry

Sub-step 1.4 : computing the energy expenses and resources of the economy in mon-

etary values. It simply consists in multiplying on a one-to-one basis the input-output
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2040 - Million ton gil- Intermediate consumption Final consumption
i1 Tilillion ton of = - = Totl uses Production | Import
equivalent, Mios - it Primary Final Final GFCE* Exnort
omposite ENErQY ENErQY demand po
Primary enengy - - 0.2 - - o1 70.23 2.4 B1.9
Final enargy 86.6 0.04 1882 60.0 - 328 198.5 108.1 89.4

* Gross fixwed capital formation

Table 5: Energy Input-output table

tables in quantities and prices to obtain a table in monetary units which corresponds
to energy bills at the desired level of aggregation (Table 6). This table is fully consis-
tent with the energy statistics on the diversity of prices, energy consumption, carbon

content, etc.

Intermediate consumption Final consumption
2010 - Million of euros . i . Final Total uses
Composite Primary energy| Final energy demand GFCF* Export
Primary energy - - 29986.0 - - 438 30 030
Final energy 59 386.9 18.9 42243 72 288.6 - 16 6121 152 531
Imports | 29535.0 | 28305.8 |

* Gross fixed capital formation

Table 6: Balance of energy bills

Step 2: Aligning monetary and physical matrices

Once the input-output table that describes the economic circuit of energy flows in
quantity, value and price have been built, it remains to integrate it into the national
accounts input-output table without changing the important variables for empirical
analysis. This is the hybridization step per se (Figure 7) that can be analyzed in two
stages: a set of actions on the rows of the table (1 - adjustment of uses) to insert
the monetary sub-table resulting from step 1 and inform the energy expenses of the
economy; and a set of actions on the columns (2 - adjustment of resources) to provide
the description of the content of energy expenses: the cost structure of one litre of
fuel purchased, one kWh, etc.. These columns describe the fixed and variable costs of

industries that supply, process and distribute energy to consumers.

The resultis a modified input-output table in which the value added of energy flows
is isolated from those corresponding to non-energy products from “energy branches”
aggregated in the composite sector. This rearrangement in the nomenclature maintains
the total value added of the economy as well as its sub-totals (wage bill, gross operating
surplus, etc.), total imports and totals of final uses (Households” consumption, exports)

while specifying the description of energy circulation.

To carry out this step 2 in the case of France, we start from the input-output table
obtained from National Accounts (Table 7).
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1- Adjustment of uses
1 | Values non linked to material flows
affected to the composite (V')

} H Energy bills

2- Adjustment of resources
(a) Disaggregation of cost
structures and margin rates

(b} Values non-linked to material
flows affected to the composite 2b U

Figure 7: Principles of alignment of material balances and monetary flows

Millions of e uros Intermediate consumption Final consumption Total uses
Composite Primary energy Final energy Final demand GFCF Exports
Composite 1576 798 263 27 07T 1532 623 376 721 444 554 3 958 046
Primary energy 1 698 o 39 270 - - 1255 42 224
Final energy 78302 14 49 340 80 350 - 14 334 222 338
Value added 1710 991 254 30 160 4222 607
Total production 3367 789 538 145 847
Imports 443 519 41539 22 606
Taxes 141738 147 53 885
Total resources 3958 046 42224 222 338 4222 607 |

Table 7: Input-Output tables in National Accounts

Sub-step 2.1 : adjustments of uses. Starting from the IOT (Table 7), we replace the
values of energy branches (R2, R3 in orange) by the values of reconstructed energy
bills from Table 6. Differences are added to uses and imports of composite (all R1
and R6-C1, in dark blue). These operations do not affect the total value of uses, but
change those of different products. Therefore, the supply-use balances are broken for
individual sectors.

Millions of eurcs Intermediate consumption Final consumption Total uses
Composite Primary energy Final energy Final demand GFCF Exports

L Primary energy - - 29 986 - - 44 30 030
3 Final energy 59387 19 43224 72289 - 16 612 152 531
Fe Value added 1710 991 264 30 160 4222 607
RS Total production 3438634 717 74 824
R Imports _ 29535 28 306
R7 Taxes 141 738 147 53 885
RS Total resources 4035185 30398 157 014 4222 607

Resources - Uses -4 852 368 4 484

cr c2 c3 ce cs cs

In this example, the intermediate consumption of the composite good for the production of energy (first row, second or third column: R1-C3(2) ) is estimated in order to
keep the input ratio Composite/Energy for energy products given by the I0Tnational accounts (R1-C3(2) / [R2-C3(2) + R3-C3(2)] ). The balance of inputs is assigned to the
composite consumption good for the production of composite (R1-C1).

Table 8: Input-Output table after adjustments of uses
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Millions of uros Intermediate consumption Final consumption Total uses
Compaosite Primary energy Final energy Final demand GFCF Exports

RT Composite 4040 047
Rz Primary energy - - 29 936 - - 44 30030
R3 Final energy 59 387 19 4224 72289 - 16612 152 531
Re Value added 4 222 607
R Total production 248 70 340
] Imports 29 535 28 306
L Taxes 141738 147 53885
] Total resources 4 040 047 30 030 152 531 4 222 607

Resources - Uses a ] 0

of ~ o3 ol o5 o

o= o3

Table 9: Input-Output table after adjustments of resources

Sub-step 2.2 : adjustment of resources. Balances between uses and resources are
restored by manipulating the cost structure of industries (columns of the IOT). Values
of imports and intermediate consumption are given by the energy statistics and other
cost components - value added, margins, taxes on products - are adjusted to restore
equality of resources with uses (Table 9). Since, in our example, energy taxation is
known (R7-C1/C2), the adjustment is made by value added (R4). Finally, in the case of
France, the margin rate is modulated according to buyers, which helps to distinguish
the purchaser prices of energy products. After this last step, all accounting identities

of the hybrid description are satisfied.

It is useful to keep in mind some principles to guide the choice of adjusting re-
sources. We can offer a procedure to select the set of assumptions to be used to isolate
the cost structures of two products (Figure 8) with the objective of mobilizing the max-
imum statistical information available on intermediate consumption and unit costs of

each input, labor, consumption of fixed capital and operating margin.

We can then guide the search for information by discussing the conditions of

production:

o First case: productions P1 and P2 are the result of separate units, the level of
dependence is low. Itis then likely that the information on one or the other of the
structures of this cost is available. This is the case of industries specialized and
concentrated, like the nuclear industry that can be isolated from other energy

industries.

e Second case: P1 and P2 are products within the same units but with different
processes. Information on technical coefficients (the unit quantities of inputs,
capital, and labor) can be used to distinguish costs. This is the case, for example,
for refined petroleum products which are derived from a combination of different

methods of physico-chemical separation implemented in refineries.

e Third case: the production unit and the processes are similar. Therefore, it is

justified to retain the assumption of the same cost structure. Information is used
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Aggregate P
(P=P1+P2)

o

Are the production of P1 and P2 closely dependent?

—

YES

\

Are technical options for producing P1 and P2close ?

— T

YES NO
First case Second case
Identical unitary costs Differentiated unitary costs
(info. on technical coefficients)
+ +
Differentiation of margin rates  Differentiation of margin rates
to maintain the balance to maintain the balance

NO

Third case

Differentiated unitary costs (info.
on technical coefficients)
+
Differentiation of unknown
costsand margin rates to maintain
the balance

Figure 8: Methodology for disaggregating cost structures and margin rates

either on unit costs or on the technical coefficients, but for both productions.

Associated with the assumption of returns to scale and / or factor prices, this

information can help reconstructing a structure of unitary costs for aggregates

(since the total quantities produced are known). This case corresponds, for

example, to the distinction between diesel and heating 0il, used for transportation

or heating (but these products are actually physically identical.
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7 Appendix B: hybrid input-output table for France

24



°14

- — ORfer e ~ T o Theme
France 2010, energyiphysical end ‘quasi Crudedl Msurlgas Ceking od Bitumrous Cokecven Othercoal ~ Gasolne + 196 Jetuel Dizseland esing el Hsavyfelof petroeun iy Geathermal Ironand  Non ferrous  Camentand metelic  Construcion nd Paper,pup Mininganc  Transport Transport- Agrcuture Fising Agri-iood Conposie Public Househclds Iesment  Bron | TOTALUSES| Ouput  imperts | BALAICE
quanties (o, Htons) ol ke produts  biogesoline el - Lo sl meuls  drer TR oop o AL quiryng equipement  Sestors _ancoresty infustry sonsumption  consamption
ol - - - - - - T 7 g = T 5 1 - - - - - - - - - ] [ g 7 E
liurs gas i B : : [ i 0 i ) ] i i ) i f i ) i i i i i i i i [ i 7 i f 3 I i 4
Coking o B : B B 3 i B - B - - B - - B B B p [ :
|Btuminous cosl , , , N B } , , N } B , N 5 i 7 [} 0 i [} 0 N N i ] i [ ]
Coke oven coke B B B N N i B , N i B , N N H N N 0 0 N ] N N ] ] ] [ 7 i
ctrer sl products , : , , [ i , : , : : : , ) 0 , : , . , . j [i [ 1 i q
ey 220 Hogaine B : B . . : B - . B - - - B 0 ) [ i i ) ) i i i ) i i j [ 1 i it i
e [P . B . : . i I ] 0 T [} 0 i ) [} 1 i i i 7 |
|detFuel - - - - - - - - - - - - - - - - - - - - 3 - - - ] l E i
| - - - - - - ] 0 ) 4 ] 1 ) 4 ] 3 2 ] ] 1 6 k| E 2 L
eain el : : : : , : : , . : , , . [ i 0 i 0 ) i 0 7 ) v i [ ] i i
ear uel o , B , . B , , : : , , : , i U U [} U i i [} 0 i [ i T j
ctver peiroeut preducls B : B . . B B - . B - - - [ i i i - - - : i [ ] i 3
ety i i : i i i i i i i i i i B 0 i 0 i i i i i i i 1 [ i f i [
|HE&L(EUIMEIMZHMM’M - - - - - - - - - - - - - - - - - - - - - - - - - 0 0 2] { - 2 2
i - 0 - - ) 0 T 1 7 0 0 1 7 ] 0 0 1 ] T 1 ] ] T 7 ) ] - 1 7 [ [ | E] [
Industis [Cementend dini - i - B I i i i I i i i I i i i I i p i I I i i ) I i 0 i f i i
Chemca
Btumrous Cokecven Ohercoal  Gasolne Dicsela Other it g tonerous Comentang OTET™™ wd  Paperpup Miingand Transport Tramsport-  Agreuture Agrifood Public Househelds
France, 20 -Prices (€2 €fens) | Crudecil  Maturalgas  Coking coel WG Jetfuel Heafing fuel Heavyfuelol petroleun  lesircity Geottermal, metelic  Construstion ' 4 o fishing Composite Invesiment | Export
« wke  produts  ogesoline tifuel T sl meas civker peccheic andprnt  quamyng equement  Sestors  anc foestry ndusty ansungion | consumgtion
products SolrTh minerals o
Tenugean [ T [ [ TE [ % 5 TE [ % 5 [ [ % [ [ [ % [ 5 [ % [ 5 % %
|leum s k] 4 4 8 39 k] k] o} 39 k] » o 39 3 k] m 39 3 476 m ] e 4% 403 48 4 4%
Ccking coel 8 il 8 2 il 8 28 pii) il 8 28 i) 8 < 28 8 8 < 2 8 8 18 2 i) 8 il 2%
uminous ol i i T i i i i i i i i A
Ceke avenc p E p p E E p i E 3 f E
ctve ocl prodicts i A 3 3 3 3 3 3 3 3 3 3 3 3
ey [0 g0 i i i i i i i i i i i i i i i i i T4 [ T i i it i i i i
sectors L) L) & 9 8 L) 2] 8 81 2] 819 3 1078 108 1078 107 & 108 1078 107 1078 Ll 1078 1078
|JEI Fuel 532 532 82 2 532 S 52 532 2 532 332 R 532 332 532 R 52 32 532 32 52 52
Geselan el i i [ it i i it it i i it i i i i i i it i i i i i ] i
eaing el [ [ (5 [ E i E i E i E
eary uel o ' ' [ f fi fi i fi f i g i
Ctver pefroleut precucs i p 7 p 7 E § [ § p E ; ) B
Electricity ) 580 K3 ) L) 560 ) 80 £ 560 L 80 L) 8 380 04 504 54 304 85 504 504 m 0 ) 35 368 50 1205
Heat, Geothermel, Solar Th 582 662 582 662 62 662 582 682 62 662 582 682 62 662 582 682 [ 662 582 632 [ 682 582 632 662 664 582 63¢ &
Aybrid  flrcn érd stez! B0 ¥2 B0 81 “u2 912 912 912 “ 912 91z 912 “ 912 A Ll 92 912 A 912 92 912 ¥z 912 912 912 80 912 912
Indusiries |Cement and clinksr 138 195 138 133 185 185 195 195 1% 185 195 195 1% 185 195 195 1% B 195 135 1% 85 195 135 19 85 195 135 153|

Figure 9: Hybrid input-output table for France - Volumes and prices



9¢

37%

Otter Teal, Other ron- Chemical _
France, 200, millcns cf euros Crudeoil  Natuslgas Cokingeosl DTIIOUS COBONN OMerCH - GiOMNE Ly DS by fulol potoeum  Festrty Geotrermal, e (e (TG D Contrcton g (0P 2P Mrngand | Trnspon mnsfort- Agrue o AOE | PO HOUSENOICS o ment gt | TOTALUsES
« coke  products  biogasoiine biouel steel  mems  cinker andprit quaryng  quipement Sectors  andforestry industry sonsumption ~ consumption
products SolarTh minsrals gelrcchenic
erace ol ] t 0 0 ] 0 T4 ) I 418 2025 <5 0 t 0 ] ] 0 0 ¢ 0 0 ] ] 0 ] [ 0 EEE
|iaturaigas i ¢ 0 ] i 0 il i Z i3 k] [ [ m ) 3] it it [ [} ] il ) ) % ] 0 1l 431y 43 | 0 @l am
|coking coa 0 i 0 0 [ ) 0 ] i 0 ] 0 0 0 i 0 0 ] 0 0 0 i 0 0 ] 0 0 [ ] q 0 2) 7
itaminous cos 0 i 0 0 i 0 0 ] i 0 0 i 0 62 H Bd 0 2 [} 0 “ s i 0 0 i 0 [ ] q 0 | 1167
Coke oven coke 0 i 0 0 ] 0 0 ] i 0 0 ] 0 0 0 1 0 0 7 0 5 0 i 2 0 ] 0 ] ] q 0 El 1124
Other coalproducts 0 i 0 0 ] z 0 ] i 0 0 i 0 14 0 [ 0 0 i 0 0 0 i 0 0 i 0 0 El q 0 i Bt
rery [G2scine gzl ¢ ] ¢ 1 i [ H s 3 3 ; 1380 anl e
e |28 i i i i i i i [k i i T i § T il 455
el ael ¢ ] ¢ ¢ ¢ i i 77 121
esel and oot i i i 7 i i [7 [E] S i [ T i ! k) T e
eating fiel ¢ ] ¢ I ¢ i i i i & § [t} i 7 H ] 9124
eavy el i i i i i i i [E i i ¢ i i i [ Tig 1674
Gier peiraleum oraducts ¢ ] ¢ [ [ § ! i 7 ¢ 3 (] T 338
leciicity i it i i i § p: i i i i i i 7 i T E E] E [ b [50) 73] o5 wa
est,Gectrermal. Soir 11 ¢ 7 ¢ [} ¢ [} [} [} ¢ il 7l | 1654
ron and steel [ i [ i i i 3 i i [ i 7 i i i it ] i i it b} i § 6 i if [ ] ] [ [1] VE
lion ferrcus meids i § i i i b 7 i ¢ % § i i ] i §ikg ) it o] i kil b i 35 [ i i 0 | [ ] i %
Cement an tinker [ [ [} 0 i [} [ 3 @ i 0 i [ E} [ % B & ] EE] i i ) i3 [ ) 7 ) i3 [ 0 fig i
Ofher non-meteiic minerais i i 0 [} i 3 i 3 ¢ g 3 i i it [ ) [ [} i) T8 ] i @B [0l ] 5] 3 pi] 15 [ [ i %
|Eonstruction [ @ [} 0 i [} [ 3 @ [} 0 i [ [ [ @ [} 0 i @ [ [ @ [} 0 i [ [ [ (- 1 e
oter |0 i it 0 [} § i ) B H % ] 7 i 34 E) 7 & [} 7] B W T8 [ T ) HE) ki T4 KL %859 O nsesy
sl |FEPETBUBandpirt 0 i i H 7 i 3 ] B 13 i 7 i % [E} [ iTig 419 n\ 0 [XTE
secters |NINGaNd quarying ) ¢ [} 4 22 [ 114 [ 117 1 1% T [ i g 7i5 7| q 0 [ 9790
Transpor equipement ¢ 1 € 4 7 [ LI 183 in 2 4 i L L I
ransport - Szctors ¢ i ‘ : [ [ 0 3 15 i 3 05 4 ‘ 7 6l H 0 RE T
[Agricuture ard forestry ¢ [} ¢ 0 i 4 i ¢ [ X LI A7) | FE L -1
fishing ‘ i ¢ i ¢ 0 i ¢ 0 7 [ 1613 il q 0 ) o4
[AgriTood indastry 0 ¢ 0 0 i 0 2 v i [ 3 3 H 2 1 [ I 5 E] ] 25 ) [ ) i HE) [ i 20 o )
omocsie El : ] 4 i i [ x i1 [ 3 83 i 1k a7 7 B AE mew 7 I B0 ! G5 el 31500
bour income 2 T T 0 ) 15 T 7 [T o [E 12 [ 287 STE 766 2 T g usm I E
P (TR i g ] i i i i i § § T 137 i3 ] iH i [{21)
sided |CO0I8LncomE i i 3 7 3 it i § i i [ 7 7 i i p] 7 ) iii
Production Tax F] E: [} 0 7 3 i i i & [ § [ 5 a [ kil i 1) [ it i T ] T4
prof_margin & Kl [ 3 i ¢ i 7 [ 7] i i f] [Ei) £ P % i 3% ) E3) HE] ] [
_vaue 71 e T 0% i 3 & 116} 3 BT 1812 (] GH 105 0 IEAET] 30 6373 [T FE) 816 % Bk
[rade_margins % T 0 [0 5 5 B =) 3 3, [5) 0 0 4% 169 I B30 ] 034 ] 3 268 S6i5
[ransp_margins 3 i § if § i i it & [ [35] i) i B ] Tl i [ ] T84 o 8113
Spzliarg Crude oi i 0 [} i [ [ ] [} i i ] [} ¢ 0 [} i i [ [} i i [
Spzllarg liatura gas [ [} 0 i [} [ 3 i [ 4 [ i [} 3 i [ [ [ i [ [
Spzliarg Cokirg coa i 0 [} i [ [ ] [} i i [ [} ¢ 0 [} i i [ [} i i [
Spzllarg Bituminous cod [ [} 0 i [} [ 3 0 i [ E] [ @ [} 0 i [ [ [ i [ [
pellarg Coke - ] 0
pzhlarg Cther coal E ] 0
pzhiarg Casoline ] s
peilarg LPG ] ]
pzhlarg Jefiuel Ei ] 5
2l Fuel i il [
spellarg Fuel ail ) 0 0 ) 0 0 ) 0 ) ) E] 0 1 0 0 ] 0 0 0 ] 0 0 [
spellarg Heavy fuel oi [} £ 0 0 ) 0 0 ) 0 ) [} 4 0 1 0 0 i 0 0 0 i 0 0 [
spellarg Giher_fuel_proc ) 3 0 0 ) 0 0 ) 0 ) ) 3 0 1 0 0 ] 0 0 0 ] 0 0 [
spellarg Eectricty [} 0 k) ) k) 0 ) ] 2 [} 0 0 5 0 [ i 0 0 0 i 0 0 [
speliarg HestGeosol Th K}
Wargins _[Spehiarg Steel ron E 24 3
pshiarg llonFerrousilztals ,z i i i
Hiarg Cemen E i g i
eliarg Citiin i i [ i
Hiarg_Buidings, consir i
eliarg ChemicalPharma E [ [ E: i 3 5 [;
hlarg Paper % F 2 i
hlarg Miring F 4 it
sl ] 13 [ )
hiarg Transport serv 3 i £ 2 7 i g
il Agr Forestry § & & K : i g
Spzllarg Fishing i ¢ 0 [} i [ A ] 3 i i i [} ¢ 0 i i i [ [} i i [ [
Spallarg_Focd irdusiry [ [} 7 i [} 3 [ 3 3 [ 3 i i [} g i [ [ [ i [ [ [
Spzliarg Composiie i 0 i i 5 [ i 6 P i i [ 3740 0 % i i [ [} i i [ [
Spailarg ¢ [ [} 3 i bl &% K} 1] ) @ 718 3 % [} [ i [ [ [ i [ [ [
Spzliarg € ] 0 0 ¢ 0 [
Speliarg | 0 g 0 i
E 2 - i 4 0 § i
VA Tax [ [ [ E [ T 4 E 4 [E 50 S T T TEE 1ol T 657 @i
|Eneray Tax IC 4 3 § § [l
Eneray Tax FC 3 3 4 4 [}
i i i i [ i
Giheringiriax i o i i B p: E: 3 i it if i i 7t i i £ N il e
Tola SUPPLY EF 240 T 116 12 1864 912 [ EE 396 = FFAET) S0 e #6526 B Sz B %0 680 2897 30163

Figure 10: Hybrid input-output table for France - Values



8 Appendix C: formulary of IMAcLIM-S FRANCE

ImacLiM-S , a comparative statics model, boils down to a set of simultaneous

equations:
fl(xl, s X, 21, 00y Zm) =0
fo(x1, s X, 21, 00y Zm) = 0
fﬂ(xll Ry x?’l/ Zl/ ceey Zm) = O
with :

e x;, i € [1,7], a set of variables (as many as equations),
e z;, i € [1,p], a set of parameters,

e fi, i€ [1,v], aset of functions, some of which are non linear in x;.

The f; constraints are of two quite different natures: one subset of equations de-
scribes accounting constraints that are necessarily verified to ensure that the account-
ing system is properly balanced; the other subset translates various behavioural con-
straints, written either in a simple linear manner (e.g. households consume a fixed
proportion of their income) or in a more complex non-linear way (e.g. the trade-offs of
the producers and the consumers). It is these behavioural constraints that ultimately

reflect, in the flexible architecture of ImacLiM-S FRANCE a certain economic "vision".

The presentation of the equations successively details (i) the accounting construc-
tion of the set of consumer prices, (ii) the accounting and behavioural equations that
govern the four institutional sectors represented (households, firms, public adminis-
trations and the’rest of the world’), (iii) the market clearing conditions. For reference
purposes, variables and parameters are listed and described in an appendix. A vari-
able name with a ‘0" index designates the specific value taken by the variable in the
reference equilibrium (i.e. the value calibrated on either the 2010 hybrid input-output

or the 2010 economic account table).

8.1 Producer and Consumer Prices

py, the producer price of good i is built following the cost structure of the production

of good 7, that is as the sum of intermediate consumptions, labour costs, capital costs,
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a tax on production, and a constant mark-up rate (corresponding to the net operating

surplus):

Py, = ) Pic; - aij + pr, - li + px; - ki + Ty, - py, + T - py, 1

n
=1

pu;, the price of imported good 7 is assumed constant-more precisely, the imported
variety of one of the goods is considered as the numéraire of the model and the prices

of the other imported goods relative to that of the numéraire are assumed constant.

Pm; = Pm, ()

pi the average price of the resource of good i is the weighted average of the two
previous prices:
Py, Yi+pm - Mi

3
Yi+Mi ()

The domestic and foreign varieties of the energy goods are indeed assumed ho-
mogeneous: the alternative assumption of product differentiation, adopted by many
CGEM through their use of an Armington specification for international trade (Arm-
ington, 1969), has the disadvantage of creating "hybrid” good varieties, whose volume
unit is independent from that of the foreign and national varieties they hybridise; this
forbids to maintain an explicit accounting of the physical energy flows and thus an
energy balance. For the sake of simplicity the non-energy goods are treated similarly.
pic; the price of good i consumed in the production of good j is equal to the resource
price of good i plus trade and transport margins, specific margins, a domestic excise
on oil products (energy product tax, EnT) , an aggregate of other excise taxes and a

carbon tax .

pic; = pi - (1 + Tem; + Trm; + Tsmic;) + tenpie, + topr, + tic - Vicy (4)

The consumer price of good i for households pjc;, public administrations (pg,) and
investment (p;,), and the export price of good i (px,), are constructed similarly and
only differ on whether they are subject to value-added tax (the same rate is applied
to all consumptions of one good) and the carbon tax or not. The latter tax applies

to household prices only, as national accounting makes households the only final
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consumer of energy goods.

pe; = [pi- (L + Tem, + trm; + Tsmc,) + tenTic, + topr, + tre - yre,l - (1 +Tvar)  (5)

pe, = [pi- (1 + tem, + Trm; + Tsma,) + tenTee, + torr,] - (1 + Tyar,) (6)
pr; = [pi - (1 + Tem; + Tom; + Tsmp) + tentee, + torr] - (1 + Tvar) @)
px; = pi - (1 + Tem, + Trm; + Tsmx,) + tenTee, + torr, (8)

Trade margins 7cy, and transport margins t7yy, , identical for all intermediate and
final consumptions of good i, are calibrated at the reference equilibrium and kept
constant-except those on the productions aggregating transport and trade activities
(hereafter indexed COM and TRANS), which are simply adjusted, in the derived
equilibrium, to have the two types of margins sum up to zero:

n

Z TCMcom * PCOM * @COM; + TCMcoy * Pcom - (Ccom + Geom + Icom + Xcom)
j=1
n n

+ Z‘ ZTCMi'Pi'aij'Yj+ Z TCM; -pi-(C,-+Gl-+IZ-+Xi) =0 9)
i#COM j=1 i#COM

and similarly :

n

Z TCMrgans - PTRANS * ATRANS; + TCMrras - PTRANS * (CTRANS + GTRANS + ITRANS + XTRANS)

j=1
n n
+ Z ZTCM,-'pi'aij'Yj+ Z TCMi'pi'(Ci+Gi+Ii+Xi):0 (10)
i#TRANS j=1 i#TRANS

Labour costs are equal to the net wage w; plus payroll taxes (both employers and
employees’ social contributions in the case of France) that are levied based on a unique
rate 77 (common to all productions for lack of detailed calibration data) :

pr, = (1 +707) - Wi (11)

In the version used to sustain Hourcade et al. (2009) ;7 adjusts following either
tax revenues (‘euro for a euro’ recycling rule), or any other public budget constraint
(equations (48),(49), (50)) for those options explored in Hourcade et al., 2009); w; varies
as the average wage w :

Wi = 2 Wi (12)
@ being defined as
X wit Y 13)
i1 ki Y
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and subject to variations dictated by the labour market (see Section II.6).

The cost of capital is understood as the cost of the ‘'machine’ capital (see the de-
scription of the production trade-offs Section I1.3.2). It is obtained as the average price

of investment goods.
n
_ Lizmapn i
Z?:] Ii

CPI the consumer price index is computed following Fisher, i.e. as the geometric mean

(14)

of the Laspeyres index (variation of the cost of the no-policy basket of goods) and the
Paasche index (variation of the cost of the policy-induced basket of goods).

CPl = \/Z?ﬂ(r’q - Ci) - Liza(pc, - C) ) (15)

Yita(pe, - Ciy) - Lima(pc, - Ci

8.2 Households

Households can be disaggregated into m classes (index h,h € [1,m]) to take into
account income structures and eventually behaviours and adaptation capacities that
can vary significantly from one household to the next. For now, the work is in process
for ImacLiM-S FrRaNCE calibrated on 2010 data.

8.2.1 Income formation, savings and investment decision

Rpcp, the gross primary income of class / is defined as the addition and the
subtraction of the following terms:

e A share wy, of the sum of aggregate endogenous net wage income w; I; Y; , which

varies with the number of active people employed in each class ((74)).

e A share wg, of the fraction of 'capital income’(the gross operating surplus of
national accounting) that goes to households, GOSy (equation (18)). wk, are
exogenous and their calibration is based on the so called Budget des Familles
survey and the economic account table.

e Social transfers, in three aggregates (pensions pp, Np,, unemployment benefits
pu, Nu, , other social transfers ppo, No, ) the calculation of which is similarly
based on the product of a per capita income p and a target population Nj, . The
number of retirees Np, and the size of the total population of class /, N, are
assumed constant; the number of unemployed Ny, varies (equation (73)).

e An exogenous share wor, of residual transfers OTy , which correspond to the
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sum of "other current transfers" and "capital transfers", accounts D7 and D9 of

the economic account table.

o A’debt service’ ig Dy, , which is indeed negative and corresponds to property in-
come (interests, dividends, real estate revenues, etc.), the overwhelming majority
of classes being net creditors. This service is the product of the households’net
debt Dy, , the evolution of which is explained below (equation (23)), and an

endogenous effective interest rate iy (equation (67)).

e A’debt service’ iy Dy, , which is indeed negative and corresponds to property in-
come (interests, dividends, real estate revenues, etc.), the overwhelming majority
of classes being net creditors. This service is the product of the households’net
debt Dy, , the evolution of which is explained below (equation (23)), and an
endogenous effective interest rate iy (equation (67)).

Hence,

n

Rpgp, = wi, Z wil;Yi+ @k, GOSy + pp, Np, + pu, Nu, + po, Ni +@or, OTr i, Dy, (16)
i=1

with in particular OTy and GOSy defined as constant shares wor,, and wg,, of OT

(equation (65)) and GOS (equation (37)) :

OTy = WOTy oT (17)

GOSH = wg,; GOS (18)

The gross disposable income R¢p, of class h is obtained by subtracting from Rpgp,
the income tax Tj, levied at a constant average rate (equation (44)), and other direct
taxes Tp, that are indexed on CPI (equation (45)). Ry, the consumed income of class
h, is inferred from disposable income by subtracting savings. The savings rate 75
is exogenous (calibrated to accommodate the values of Rgp, and R;, in the no-policy
equilibrium).

Rep, = Rpep, — Ty, — T, (19)
Ry, = (1-7s,)Rgp, (20)

A further exploration of the data available in the economic account table gives
households’investment GFCFj, (Gross Fixed Capital Formation) as distinct from their
savings; GFCFjis assumed to follow the simple rule of a fixed ratio to gross disposable
income (equation (22)). The difference between savings and investment gives the

31



self-financing capacity of class h: AFCj,.
GFCF, _ GFCFy,
RGDh RGDhO
AFCy, = 75, Rgp, — GFCF), (22)

(21)

The evolution of AFC), between the no-policy and the policy-induced equilibrium
can then be used to estimate the evolution of net debt D), . The computation is based
on the simple assumption of a gradual wedge of AFC over the years, starting trer years

in the past.

t
Dy, = Dy, + % (AFCy, — AFCy,) (23)

8.2.2 Consumption

While the previous equations apply to an undetermined number of sectors, the
following equations determining household demand specifically apply to the version

of ImacLiM-S France distinguishing energy commodities and other sectors.

A major premise of the arbitrage process is to consider that energy consumptions
are constrained by basic needs, considering the finite time tgEF over which the reform
deploys. Tp account for this premise earlier versions of ImacLiM-S FRANCE resorted
to utility functions of the Stone-Geary type. However, the imply fixed budget shares
beyond the satisfaction of the basic needs, which have been considered too restrictive.
In addition, the use of a constant utility function, where energy consumption appears
as such, while only the energy services arising from this consumption genuinely impact
welfare, is questionable.

For these reasons, the energy consumptions of households have been defined,
without resorting to any explicit utility function, as the sum of a exogenous basic
needs, common to all classes, and a consumption in excess of this need that varies
according to some income elasticity ocg, , and some price-elasticity ocp, . For the time
being these elasticities are calibrated on time series of aggregate consumption, and
hence common to all classes-some pending econometric research on disaggregated
data will allow to differentiate them by class.

pe, 1 )[R, 1\
fori € [Energy sectors], C; =pi, Ciho + (1 - ﬁih) [C_PI . a) (C_PI . R_ho) C,-h0
(24)

where ;, represents the share of the reference consumption of class i that corresponds
to a basic need, and with prices indexed in the same way as the consumptions they

value.
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The demand for other goods of class & is then simply defined as the balance of the

class’s consumed income-which amounts to imposing a binding budget constraint.

fori ¢ [Energy sectors], C; =Ry — Z (P]' Cj) (25)

j=Energy sectors

8.3 Production (institutional sector of firms)
8.3.1 Gross disposable income and investment decision

Similar to households, the firms” disposable income R¢p; is defined as the addition
and subtraction of:

e an exogenous share wg, of capital income i.e. GOS ( equation (37) ),

e a ‘debt service’ (interests, dividends) is Ds , which is strongly positive in the
reference equilibrium (firms are net debtors), and served at an interest rate ig
that varies in the same way as iy (equation (67) ),

e corporate tax payments T,

e and an exogenous share wor, of other transfers OT, which are assumed a constant
share of GDP (equation (65)).

Reps = @k, GOS — is Ds — Tr + @or, OT (26)

The ratio of the gross fix capital formation of firms GFCFj to their disposable income
Rcp; is assumed constant; same as for households and in accordance with national
accounting their self-financing capacity AFCs then arises from the difference between
Rcps and GFCFs. The net debt of firms Dyg is then calculated from their AFCs on the
same reasoning as that applied to households.

GFCFs _ GFCFs,

- 27

Rgpy Reps, @7)

AFCs = Rgp, — GFCFs (28)
t

Ds = Ds, + % (AFCs, — AFCs) (29)

8.3.2 Production trade-offs

For reasons similar to those presented for the demand of households, the produc-
tion trade-offs, which are the subject of a specific publication (Ghersi and Hourcade,
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2006), are assumed technical asymptotes that constrain the unit consumptions of fac-
tors above some floor values. For lack of appropriate bottom-up simulations, the
calibration work on pseudo-data described by Ghersi and Hourcade (2006) could not
be conducted for the particular situation of 2010 France, and the restrictive assumption
is made that the variable shares of the unit consumptions of each factors (secondary
inputs, labour and capital) are substitutable according to a CES specification: the
existence of a fix share of each of these consumptions implies that the elasticities of
substitution of total unit consumptions (sum of the fix and variable shares) are not
fixed, but decrease as the consumptions approach their asymptotes. Under these as-
sumptions and constraints, the minimisation of unit costs of production leads to a
formulation of the unitary consumptions of secondary factors a;; , of labour /; and of
capital k; which can be written as the sum of the floor value and a consumption above
this value. The latter corresponds to the familiar expression of conditional factor de-
mands of a CES production function with an elasticity of ¢ (the coefficients of which,

ICjj, Ar;, and Ak, , are calibrated in the no-policy equilibrium).

1

®i A]Z “Iv o 1-0 o 1-0 o 1-0 ’
aji = . Biji ajig + | —— Aji pPic;; +ALTpL + Ak Pk (30)
ji =1
o, AL. of n _%
=g Pt (P_L) DA prc T AL T+ Ak i (31)
i ; -
1 ]:1
0. /\K' of n _’l]
ki = al ﬁKi kio + (p_‘) Ajig plcﬁl—a_'_ /\LiUpLil—U + AKiU pKil_U (32)
1 : .
1 ]:1
where for convenience: ,
O' —
= 33
p="1 3)

This sum is however modified to take into account a combination of static decreas-
ing returns ©; and endogenous technical progress ®;. Static decreasing returns ©; are
supposed to adjust to the quantity produced with an elasticity og,, which is calibrated
under the assumption of marginal cost pricing. @; coefficient comes from the hypoth-
esis of a Hicks-neutral endogenous technical progress and is elastic to changes in the
volume of fixed capital consumption (meant as a proxy of cumulated investment) of

production i. In the model, ®; is neutralised (set to 1) for the three energy productions,
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and only operates for the production of the composite good.

.\99;

o - (YL) (34)
ip
Tt

e = 7 _Zﬁ (35)

1
_ kiY; 70;
= (kio Yio) %)

Let us emphasise again that the "cost of capital’ px entering the trade-offs is stricto
sensu the price of ‘machine capital’, i.e. equal to a simple weighted sum of the
investment prices of immobilised goods (equation (14)), and unrelated to the interest
rates charged on financial markets: on the one hand production trade-offs are based
upon the strict cost of inputs, including that of physical capital k; (calibrated on the
consumption of fixed capital of the input-output table); on the other hand, regardless
of this arbitrage, the firm’s activity and a rule of self-investment (GFCFs , equation (27))
lead to a change in financial position Dgs , whose service is not assumed to specifically
weigh on physical capital as an input.

8.3.3 Gross operating surplus

Trade-offs in the i productions, constant rates of operating margin 7; and specific

margins tsy determine the gross operating surplus (GOS) :

n
GOS = ) (pi i Yi + Ty, Yi) + SM (37)

i=1
This GOS, which corresponds to capital income, is split between agents following
constant shares (calibrated in the no-policy equilibrium). By construction, the specific
margins on the different sales SM sum to zero in the no-policy equilibrium (this is a
constraint of the hybridising process), however they do not in the policy runs, their

constant rates being applied to varying prices. Their expression is then:

SM = Z Z Tsmic;; Pi@ij Yj + Tsmc; Pi Ci + Tsmg, i Gi + Tsmx; pi Xi (38)
i j
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8.4 Public administrations

8.4.1 Tax, social security contributions and fiscal policy

Tax and social security contributions form the larger share of government resources.
In most versions of the model, which for the sake of economic efficiency study the
substitution of a carbon tax to social contributions, tax rates and excise taxes other
than the carbon tax and social contributions are supposed constant, and the various
tax revenues are defined by applying these rates to their respective bases:

n

Ty = Z Ty, py, Yi (39)
=1
n n n
Tenr = Z Z tentic; @ji Yi+ Z tenre; (Ci+ Gi + 1) (40)
i=1 j=1 =1
n n n
Topr = Z Z topr; aji Yi + Z torr, (Ci + Gi +1;) (41)
i=1 j=1 =1
S Tyar
TVAT = 1—_l (pci Cl‘ + paG; G,‘ + b1 Ii) (42)
= 1+ Tvar,
Tr = Trr GOSg (43)
Ty, = 71, Rpcp, (44)
Tp, = CPIDT, (45)

Fiscal revenues of the carbon tax Tcarp and the sum of labour tax (social insurance

contributions and benefits) Tt are computed following the same logic:

n
Tir = 7Lt Z w;il; Y (46)
i=1
n n n
Tcars = Z Z ticvic; aji Yi+ Z tre vec Ci (47)
i=1 =1 i=1

But the carbon tax on intermediate consumptions (tIC) and on final consumptions
(tFC) is obviously exogenous (it is the main control variable of the model), and the
rate of social contributions is adjusted depending on the precise interpretation of the
conventional ‘budget neutrality’ condition. Hourcade et al. (2009) propose three such

interpretations:

e a ‘constant taxation” option in which the sum of social contributions decreases
by the exact amount of carbon tax revenues (equation (48));
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e a’constant fiscal pressure’ option guaranteeing, ex post, a constant ratio of total

taxes and social contributions to GDP (equation (49));

e the option of a constant ratio of public debt to GDP (equation (50)).

n
Trr = 11c, Z w;l;Y; — Tcars (48)
i=1
T To
- _ 4
GDP GDPy (49)
Dg _ D Go
GDP GDPy, (50)

Where T is the sum of taxes and social contributions:

m m
T=Tir+ Ty + Tear + Topr + Tvar + Tr + Z Ty, + Z Tp, + TcArB (51)
=1 =1

8.4.2 Gross disposable income, public spending, investment and transfers

Similar to households and firms (following the logic prevailing in the economic
account table), the gross disposable income of public administrations R¢p,, is the sum
of taxes and social contributions, of exogenous shares wg. of GOS and wor,, of ‘other
transfers” OT , from which are subtracted public expenditures p; G , a set of social

transfers Rp , Ry and Rp , and a debt service ig Dg :

n
Rop, = T +@k; GOS +Wor, OT = ¥ pG,Gi—Rp—Ru—Ro—igDg ~ (52)
i=1

Public expenditures pg G are assumed to keep pace with national income, and
therefore are constrained as a constant share of GDP:

n n
Y. v G X pci, Gi
i1 =

GDP ~  GDPy

(53)

Social transfers Rp , Ry and Rp are the sum across household classes of the transfers
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defined as components of their before-tax disposable income (equation (16)) :

Rp = Z Np, pp, (54)
=1

Ry = Z Nu, pu, (55)
=1

Ro = Z Ny, po, (56)
=1

With per capita transfers pp, , pu, and po, indexed on the average net wage:

w
YKe [P/ LI/ O]/ Vhe [11 m] Pk, = w_() PK;,O (57)

At last, the interest rate i of public debt evolves as do iy and is (equation (67) ).

Public investment GFCF , same as public expenditures p¢ G, is supposed to mo-
bilise a constant share of GDP. Subtracting it from R¢p,, gives AFC¢ , which determines
the variation of the public debt:

GFCF; _ GFCFg,

GDP ~ GDPy (58)
AFCg = Rep,, — GFCFg (59)
D¢ = Dg, + t% (AFCg, — AFCg) (60)

8.5 '"Rest of the World"

8.5.1 Balance of Trade

Concerning international trade the assumption is made of an open economy whose
weight does not affect world prices: global import prices py retain their relative values
(equation (2)). Then the ratio of imports to domestic production on the one hand, and
the “absolute” exported quantities on the other hand, are elastic to the terms of trade,
according to fixed good-specific elasticities :

M; _ Mi (P py, )™ (61)
Yi Y Py, Pmi

Xi _(PXo pm )™ 62)
Xiy PMm;, PX;

The different treatment of imports and exports merely reflects the assumption
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that, notwithstanding the evolution of the terms of trade, import volumes rise in
proportion to economic activity (domestic production), while exports do not (global
demand is assumed constant). It implies, however, that improved terms of trade
do not necessarily mean an improvement in the trade balance, depending on the
concomitant variations of activity. In the versions calibrated on France an exception to
these treatments is the import of raw fossil fuels: to account for the paucity in natural
resources these are assumed to mechanically balance the market on the resources’ side,

assuming fixed domestic production (negligible in recent times).

8.5.2 Capital flows and self-financing capacity

Capital flows from and to the ROW are not assigned a specific behaviour, but are
simply determined as the balance of capital flows of the three national institutional
sectors (households, firms, public administrations) to ensure the balance of trade
accounting. This assumption determines the self-financing capacity of the ROW, which
in turn determines the evolution of DROW , its net financial debt:

n n n n
AFCROW = Z pMiMi - Z PXIsz‘ + Z i[(DK - Z OTK (63)
i=1 i=1 K=H,S,G K=H,S,G
t
Drow = Drow, + % (AFCrow, — AFCrow) (64)

By construction the self-financing capacities (AFC) of the four agents clear (sum to
zero), and accordingly the net positions, which are systematically built on the AFCs,
change from a position in which they are strictly compensating each other to another
such position. Indeed a nil condition on the sum of net positions could be substituted
to equation (64) without impacting the results of the model. The hypothesis of a
systematic ‘compensation” by the ROW of the property incomes of national agents
without any reference to its debt Drow may seem crude, but in fine only replicates
the method of construction of the economic account table. Indeed, in the no-policy
equilibrium the effective interest rate of the ROW (ratio of net debt to its property
income), which ultimately results from a myriad of debit and credit positions and from
the corresponding capital flows, is negative, so unworkable for modelling purposes.

To conclude, as previously mentioned other transfers OT ("other current transfers
" and "capital transfers ", aggregates D7 and D9 of the economic account table) are
defined as a fixed share of GDP :

OT _ OT,

GDP ~ GDPy (65)
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8.6 Market balances
8.6.1 Goods markets

Goods market clearing is a simple accounting balance between resources (produc-
tion and imports) and uses (households and public administrations” consumption,
investment, exports). Thanks to the process of hybridisation, this equation is written
in Mtoefor energy goods and consistent with the 2010 energy balance of the IEA (the
G and I of these goods are nil by definition).

Yi+Mi=Ci+Gi+Ii+Xi (66)

8.6.2 Investment and capital flows

The effective interest rates iy , is and ig faced by households, firms and public
administrations, vary to balance capital markets: their shift from a common point
differential 6; (equation (67)) impacts the households” and firms” disposable incomes
Rep, and Rep, , and hence their investment decisions GFCFy and GFCFs , in order
to match the supply of capital they constitute, completed by the public GFCF, GFCFg
, to the demand for investment goods py, I; (equation (68)). This demand is in turn
constrained by the assumption that the ratio of each of its real components I; to total
fixed capital consumption (the sum of k; Y;) is constant. In other words, the capital
immobilised in all productions is supposed homogeneous, and all its components vary

as the total consumption of fixed capital.

VKe[HSG] ix=ik +0 (67)
n
GFCFx =) pi.1; (68)
K=H,S5,G i=1
I I;
— = (69)
LkiY; Y kiYj
j=1 j=1

Therefore the closure of the model is fundamentally made on the investment supply
of agents, which mechanically adapts to the investment demand from productions.
Through an adjustment of interest rates it leads to fluctuations in financial flows be-
tween creditors and debtors, and eventually in some evolution of their net financial
positions. In most versions of the model, where the budgetary option retained for pub-
lic accounts implies some control of the debt, a feedback effect is obtained through the
necessary adjustment of the taxes designated as control variables (social contributions

in the central hypothesis).
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8.6.3 Employment

The labour market results from the interplay of labour demand from the production
systems, equal to the sum of their factor demands [;Y; , and of labour supply from
households. The labour endowment of households L is assumed constant (calibrated
on the total full-time equivalent of the active population in the no-policy equilibrium),
but the model allows a strictly positive unemployment rate # and the market clearing

condition writes:

1-u)l = Zlf Y; (70)
=1

Rather than explicitly describe labour supply behaviour, the model infers changes in u
following a wage curve, which describes an empirical correlation between the average

real wage w and the unemployment rate u, characterised by an constant elasticity oy, :

w u \%wu
—— = Wwo| — 71
CPI 0( uo) 7
The underlying intuition is that any increase in unemployment creates a downward
pressure on wages, which is indeed interpretable in terms of either bargaining power,
or efficiency wage. Changes in employment corresponding to the evolution of u are
then split between the household classes according to their specific unemployment 1,
u

W = Mg (72)

Hence Ny, the number of unemployed in each class follows:
Nu, =, Ly (73)

N, the number of employed in class h (defined as L, — Ny, ) allows moreover to
determine the share wy, of total labour income that accrues to class h:

N,
NLhO a)LhO
(74)

a)Lh =

Y,
— Wy,
h=1 NLhO ho
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9 Appendix D: Notation of ImacLiM-S FRANCE

Calibration consists in providing a set of values to all variables and then deter-
mining the values that should be given to the parameters so that the set of equations
defining the model holds. The exercise is therefore to determine what values the
parameters must take in order for the values drawn from national accounts to be
linked by the set of equations. However, all parameters do not receive their values
from the calibration: the carbon tax, for instance, is a purely exogenous parameter;
other parameters have their values set according to some econometric estimation on
data superseding the national accounts as described by the input-output table and
the economic account table. As a result of these distinctions, the notations below are
presented in three categories, (i) the variables of the model properly speaking, (ii) the
parameters of the model that are calibrated on statistical data, and (iii) the exogenous
parameters. Within each of these categories the notation are listed in alphabetical order
(the Greek letters are classified according to their English name rather than according

to their equivalent in the Latin alphabet).

9.1 Variables of ImacLiM-S FRANCE

Variable Name || Description

jj Technical coefficient, quantity of good i entering the production

of one good j

oT Other transfers (equivalent of accounts D7 and D9 of the economic
account table)

OTy Other transfers to the households

OTs Other transfers to firms

OTg Other transfers to the public administrations

AFCq Self-financing capacity of class h

AFCs Self-financing capacity of firms

AFCg Self-financing capacity of the public administrations
AFCrow Self-financing capacity of the rest of the world

Ci, Final consumption of good i by household class h

Dy, Net debt of class h - Calibrated on the net financial assets (patri-

moine financier net) of the INSEE Comptes de patrimoine

Ds Net debt of firms - Calibrated on the net financial assets (patri-
moine financier net) of the INSEE Comptes de patrimoine

D¢ Net public debt - Calibrated on the net financial assets (patrimoine

financier net) of the INSEE Comptes de patrimoine
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Drow Net debt of the rest of the world - Calibrated on the net finan-
cial assets (patrimoine financier net) of the INSEE Comptes de
patrimoine

d; Reform-induced interest rate differential

GOSy Gross operating surplus accruing to households

GOSs Gross operating surplus accruing to firms

GOS¢ Gross operating surplus accruing to public administrations

GFCFy, Gross fixed capital formation of household class &

GFCFs Gross fixed capital formation of firms

GFCFg Gross fixed capital formation of administrations publiques

Vic;, CO2 emissions per unit of good i consumed in the production of
good j

VEC; CO2 emissions per unit of good i consumed by households

G; Final public consumption of good i

g Effective interest rate on the net debt of ménages

is Effective interest rate on the net debt of sociétés

i Effective interest rate on the net debt of administrations publiques

I; Final consumption of good i for the investment

IPC Consumer price index (Fisher)

ki Capital intensity of good i

I; Labour intensity of good i

wr, Share of labour income accruing to household class

M; Imports of good i

Ms Sum across goods and uses of the specific sale margins

Ny, Employed population of household class & (full time equivalent)

P Import price of good i

pi Average price of the resource in good i (domestically produced
and imported)

pic; Price of good i for the production of good j

pc Consumption price of good i

PG, Public price of good i

pI; Investment price of good i

D; Endogenous technical progress coefficient applying to the pro-
duction of good i

PK Cost of capital input (weighted sum of investment prices)

pL; Cost of labour input in the production of good i

px; Export price of good i
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Py, Production price of good i

Rpcp, Before-tax gross disposable income of household class &

Rep, Gross disposable income of household class i

Reps Gross disposable income of sociétés

Repg Gross disposable income of administrations publiques

Ry, Consumed income of household class &

Ro Social transfers to households not elsewhere included

Ru Sum of unemployment benefits

Rp Sum of retirement pensions

po, Average per capita not-elsewhere-included transfers of household
class h

pp, Average per capita pensions of household class &

pu, Average per capita unemployment benefits of household class &

0e; Elasticity of the decreasing returns coefficient of production i to
its output.

T Total taxes and social contributions

Tir Sum of social contributions of the employer and the employee

TEuT Fiscal revenues from tax on energy products (so called "Taxe in-
térieure de consommation sur les produits énergétiques"”, TICPE)

Torr Fiscal revenues of excise taxes other than the energy product tax

Tyar VAT revenues

Tr Corporate tax revenues

Ty, Household class / income tax payments

Tp, Other direct taxes paid by household class h

Tcars Carbon tax revenues

O; Decreasing returns coefficient for the production of good i

TLT Social contribution rate applicable to net wages

TCMeom Commercial mark-up on the commercial good or on the aggregate
encompassing it

TCMyrans Transport mark-up on the transport good or on the aggregate
encompassing it

u Unemployment rate

uy, Household class i unemployment rate

Wi Average net wage in the production of good i

w Average net wage across productions

X; Good i exports

Y; Good i production
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Table 10: Variables for solving ImacLiM-S FRANCE
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9.2 Parameters calibrated on statistical data

Variable Name

Description

L

Total active population in full-time equivalents (INSEE data)

Ly

Active population of household class & in full-time equivalents.
Calibrated by applying to total L the shares of active population
drawn from the m-class aggregation of the 10305 households of
the Budget des Familles 2001 survey by INSEE.

Aijr ALy AK;

Coefficients of the CES production function governing the vari-
ables shares of conditional factor demands. Calibrated on the first
order conditions of cost minimisation applied to the no-policy
equilibrium (functions of prices pic; , pr, and px,  , of quantities

@jiy, liy and k;, and of basic need shares f;, fx; and B, ).

Total population of household class /. Calibrated by applying to
total 2004 population the shares of total population drawn from
the m-class aggregation of the 10305 households of the Budget
des Familles 2001 survey by INSEE.

Number of retirees of household class /. Calibrated by applying
to the 2004 retiree population the shares of retiree population
drawn from the m-class aggregation of the 10305 households of
the Budget des Familles 2001 survey by INSEE.

wory,

Share of the other transfers accruing to households devoted to
household class h. Calibrated as the share accruing to household
class h of revenues other than those of labour, in the m-class
aggregation of the 10305 households of the Budget des Familles
2001 survey by INSEE.

WOoTy

Share of other transfers accruing to households (all classes to-

gether). Calibrated on the economic account table.

WOTs

Calibrated on the

economic account table (aggregate of financial and non financial

Share of other transfers accruing to firms.

firms, and of non-profit organisations).

WOTg

Share of other transfers accruing to public administrations. Cali-
brated on the economic account table.

a)Kh

Share of the capital income of households accruing to household
class h. Calibrated as the share accruing to household class / of
revenues other than those of labour, in the m-class aggregation of
the 10305 households of the Budget des Familles 2001 survey by
INSEE.

Share of capital income accruing to households (all classes). Cal-
ibrated on the economic account table.
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WK

Share of capital income accruing to firms. Calibrated on the
economic account table (aggregate of financial and non financial

firms, and of non-profit organisations).

WK,

Share of capital income accruing to public administrations. Cali-

brated on the economic account table

Mark-up rate (rate of net operating surplus) in the production
of good i. Calibrated as the ratio of net operating surplus to
distributed output (input-output table and more broadly INSEE
data).

topr;

Excise taxes other than the energy product tax per unit of con-
sumption of good i. Calibrated as the ratio of the corresponding
fiscal revenue of each good i (input-output table data after sub-
traction of the energy product tax) to total domestic consumption
in the no-policy equilibrium Yi0 + Mi0 — Xi0 (exports are assumed
to be exempted).

tEnTpCi

energy product tax per TOE of automotive fuel of household
consumption. The energy product taxisisolated from other excise
taxes and split between goods GG15 and GG2B of the input-
output table: refined petroleum products and natural gas. The
split between energy product tax on intermediate vs. final sales
is calibrated on data from the Comité Professionnel Du Pétrole
(CPDP).

tEnTICi

energy product tax per TOE of automotive fuel of intermediate
consumption. The energy product taxis isolated from other excise
taxes and split between goods GG15 and GG2B of the input-
output table: refined petroleum products and natural gas. The
split between energy product tax on intermediate vs. final sales
is calibrated on data from the Comité Professionnel Du Pétrole
(CPDP).

1T,

Effective income tax rate of household class h. Calibrated as the
ratio of income tax payments to the before-tax gross disposable in-
come. Both aggregates are distributed among household classes
based on the shares observed in the m-class aggregation of the
10305 households of the Budget des Familles 2001 survey by IN-
SEE.
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TFT

Effective corporate tax rate. Calibrated as the ratio of the corporate
tax fiscal revenue, to the share of the gross operating surplus

accruing to firms.

TSMIC;;

Specific mark-up rate on intermediate energy consumptions (if
is not an energy good then the rate is nil). Defined during the
hybridisation procedure.

TSMC;

Specific mark-up rate on household energy consumptions (if i
is not an energy good then the rate is nil). Defined during the
hybridisation procedure.

TSMG;

Specific mark-up rate on public energy consumptions (if i is not
an energy good then the rate is nil). Defined during the hy-
bridisation procedure. Under the convention that public energy

consumptions are nil (see footnote 5) this parameter is pointless.

TSMX;

Specific mark-up rate on energy exports (if 7 is not an energy good

then the rate is nil). Defined during the hybridisation procedure.

h

Savings rate of household class h. Calibrated as the ratio of the
savings of class h to its gross disposable income, with the data
being derived from all the main data sources (input-output table,
economic account table, data from the Budget des Familles survey

aggregated in m classes).

TVAT;

VAT rate applying to the final consumption of good i. Calibrated
on input-output table data by treating the VAT as a simple sales
tax levied indifferently on C, G and i.

Table 11: Calibrated parameters for ImacLim-S FRANCE

9.3 Exogenous parameters

Variable Name || Description

Bi, Share of the good i consumption of household class / that corre-
sponds to a basic need. Set for each good i at a level that defines
a basic need equal to 80% of the real consumption of the class for
which it is the lowest.

Bji Technical asymptote of the technical coefficient a;; .

Bk; Technical asymptote of the capital intensity of good i.

Br, Technical asymptote of the labour intensity of good i.

o Substitution elasticity of the variable shares of production factors.

OCR; Income-elasticity of household consumption of good i. An econo-

metric estimate over aggregate 1985-2006 data.
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ocp; Price-elasticity of household consumption of good i. An econo-
metric estimate over aggregate 1985-2006 data.

oM, Elasticity of the ratio of imports to domestic production of good
i, to the corresponding terms of trade.

oe; Elasticity of the technical progress coefficient of production i to its
fixed capital consumption (whose variations are taken as a proxy
of those of cumulated investment).

X, Elasticity of good i exports to the corresponding terms of trade.

Ow, Elasticity of the average net wage (nominal or real, see supra) to
the unemployment rate.

tic Carbon tax on the carbon emissions of intermediate consump-
tions.

trc Carbon tax on the carbon emissions of household consumptions.

tREF Time of development of the reform (years).

Table 12: Exogenous parameters for IMAcLIM-S FRANCE
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