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Introduction
The IMACLIM modelling platform has been developed at CIRED, International Centre for Research in
Environment and Development located in Paris, since the 1990’s. The objective has been to articulate
energy and climate policies based on the hybrid energy-economy architecture. Several versions have
been developed like the global recursive dynamic model IMACLIM-R World and national versions like
the recursive dynamic IMACLIM-R France and the comparative static version IMACLIM-S. Further,
national versions for developing countries like Brazil and South Africa have also been developed. On
similar lines, we construct the version for India IMACLIM-IND discussed in the sections below.
IMACLIM-IND is a computable general equilibrium model (CGEM) designed to assess the medium- to
long-term macroeconomic impacts of aggregate price or quantity-based carbon policies, in an
accounting framework where economic and physical flows (with a special focus on energy balances)
are equilibrated. It is based on the IMACLIM-IND departs from the standard neoclassical model in the
main feature that their description of the consumers’ and producers’ trade-offs, and the underlying
technical systems, are specifically designed to facilitate calibration on bottom-up expertise in the
energy field, with a view to guaranteeing technical realism to their simulations of even large mutations
of the energy systems.
IMACLIM-IND is set up to project the Indian economy for the medium term (2030) and long term
(2050). The growth engine of the model results from the combination of exogenous assumptions
regarding the demographics of the labour force 𝐿 and Harrod-neutral technical change 𝜙, i.e. labour
productivity gains. Growth develops under constraint of capital accumulation, which follows the
simplifying assumption of proportionality to physical investment (Equation xx).
Calibration is the first step in model set-up where the parameters and variables are inverted for
computing the output from model equations. Calibration is based on hybrid Input-Output table which
involves heavy data treatment. This is described below.

1 Calibration of IMACLIM-IND
The data hybridization process outlined below is the first step towards building an original EnergyEnvironment-Economy (EEE) modelling capacity for determining Indian mitigation pathways. The goal
is to reconcile the energy balance and national accounting statistics to produce a dual accounting of
energy flows, in volume and money metrics, using agent-specific pricing of energy goods. This is one
of the salient improvements over standard computable general equilibrium, where all agents buy
homogenous goods at the same net-of-tax price. Two guiding principles warrant data consistency.
First, both physical and money values respect the ‘conservation principle’ of strictly balanced
resources and uses. Second, a unique system of purchasing prices links the physical and money flows,
implying that the money values flow from multiplying the volumes by the corresponding price. Two
additional principles constrain the process. The first is to keep constant the size of the economy and
all its subdivisions except the sectoral ones, whenever performing corrections of statistical gaps. The
second is to account for the heterogeneity of the purchasing prices faced by different sectors and
households.
Combet et al. (2014) document the methodology to create the hybrid table. It unfolds in three main
steps.
(1) Reorganizing the original energy balance data (in kilotons of oil equivalent, ktoe) and energy prices
(in Lakh rupees/ktoe) into the sectoral distribution matching the input-output table (IOT) from
national accounting. This not only involves reallocation of physical energy flows of energy balance to
production sectors and households, but also entails re-interpretation of the flows in national
accounting terms. In other words, it involves sorting out the flows that indeed correspond to economic
transaction between national accounting agents. For instance, attributing the autoproduction of
electricity to the accounting sectors; considering only the commercial flows especially in case of
energy industry own use in energy balance; adjusting the data on international bunkers since energy
balance reports data based on geography while IOT reports data based on national accounting rules.
(2) Multiplying the volumes with corresponding prices to obtain energy expenses at the same level of
disaggregation as IOT.
(3) Plugging of the matrix of energy expenditures into the original IOT and adjusting the other values
of the table under constraint of accounting balances and the conservation of total value-added. This
is done by: first, adjusting difference in uses and corresponding resources for energy sectors to the
non-energy expenses on pro rata basis; second, by adjusting the difference in original and recomputed

expenditures for the non-energy sectors to the most aggregated non-energy good which is ‘other
services’ mostly. Each of these steps must be adapted to the specifics of the energy systems of the
region chosen for analysis. It is the purpose of this note to describe how we adapted them in the case
of India.
We constructed the product x product Input Output (IO) table for 65 products using the supply & use
tables of year 2012-13 by the Indian Central Statistical Office (CSO). To do so, we manipulated the
supply & use matrix with 140 products and 66 sectors (CSO, 2016), based on industry technology
assumption. The data on energy volumes comes from the International Energy Agency (IEA) and the
AIM/enduse model of the Indian Institute of Management Ahmedabad (IIMA). The sources for
heterogeneous prices for energy goods are specified in the excel sheet.
The retained level of aggregation of energy and non-energy sectors reflects the specific features of
the Indian energy sectors and economy. For instance, we distinguish the cement and aluminium
manufacturing sectors because these are the two most energy-intensive sectors in the Indian
economy.1 We dissociate a renewables sector to allow investigating policy objectives of achieving 175
GW renewable energy capacity by the year 2022 (Union Environment Ministry India, 2015).

1

The Government of India (GOI) has specified these sectors as the focus areas for meeting the energy efficiency
targets under the Perform Achieve Trade (PAT) policy.

Figure 1

IMACLIM-IND sectoral breakdown and sector codes

Energy Sectors (8)

Non- energy sectors (14)

COA

Coal

I&S

Iron & Steel

COK

Coke

CHE

Chemical

ONT

Crude oil and non-transport fuels

ALU

Aluminium

TRF

Transport fuels

CEM

Cement

BIO

Biomass

CON

Construction

GAS

Natural gas

TEX

Textile

ELE

Electricity

IND

Residual industries

REN

Renewable Energy

AGR

Agriculture

ATR

Air transport

WTR

Water transport

ROA

Road transport

RAI

Rail transport

HOU

Housing

SER

Other services

The hybridisation process revealed some notable aspects of the Indian energy systems. We report
them in the following paragraphs, as well as the statistical treatments that they prompted.
The coal expenses going into electricity sector in original IO were just 25% of those obtained by
multiplying available price and volume estimates (hereafter the ‘volume x price’ approach). The official
documentation on IO reveals that the coal expenses were calculated using data from electricity
distribution companies like state electricity boards, departmental commercial undertakings of central
and state governments and private electricity companies. Comparatively, the volumes in energy
balance have been computed using the coal controller’s reports, which give the numbers for the
output of coal companies going into electricity generation sector. The differences can be attributed to
the fact that several companies like Adani, Tata, Reliance, BHEL and indeed coal companies like Neyveli
Lignite corporation (NLC) generate electricity as a secondary output although recorded in sectors
other than the electricity sector.2 We therefore take the expenses obtained from volume x price rather
than those from national accounting IO table.

2

The process of shifting from a product x sector (use matrix) to a product x product IO table, using the make
matrix, should have re-affected the corresponding share of activity of such firms to the electricity product. This
may point at some fault in the process.

Another source of difference in IO and volume x price coal expenses is the phenomenon of captive
coal mining (introduced in the year 1993) implying that coal is being produced by sectors like power,
iron and steel and cement for their own uses. The purpose of the government in allowing private
companies into coal mining is to boost the thermal power generation in order to meet the increasing
power demand. Though the percentage of captive coal (12%) is not significant compared to total coal
produced, it is expected to gain significance in future (Coal Controller’s Organisation, 2015). In order
to treat the goods properly, the costs of captive coal mining must be transferred to the coal sector,
which is actually the sum of coal mining activities regardless of which sector undertakes the activity.
The process involves the following steps: (1) the coal expense of captive mines operators is increased
via a price x volume approach using the appropriate coal cost net of profit as the price; (2) all cost
elements of the coal mining ‘sector’ (activity) are increased homothetically in order to rebalance rise
in sales; (3) the costs of the captive mine operator for each item are reduced such as to exactly
compensate the cost increase in the coal mining activity. The broad idea is to transfer the costs of the
captive coal mining to the general coal mining activity, and to treat captive coal expenses as any other
coal expenses. The question of an increase of the share of captive mining in coal expenses can be
taken care while modelling pathways by assuming a decrease of the average profit rate of coal mining.
Next is the trading issue that is natural gas being bought by the refined petroleum sector to be sold to
consumers. The refined petroleum products expenses going into chemical and electricity sector from
original IO is respectively 2 and 1.5 times the expenses obtained by volume x price approach.
Conversely, the natural gas expenses (original IO) into electricity sector are just 30% of the expenses
from other approach. Natural gas expenses into chemical sector (original IO) are 37% of those
obtained from volume x price approach. Refined petroleum products sector appears to play a role of
trader, buying a huge amount of natural gas and selling it back to other businesses without consuming
it. This implies that the switch from an industry x industry to a commodity x commodity matrix is not
complete, there remains some natural gas sales covered by the refined petroleum products ‘sector’
of the commodity x commodity matrix. In such a case IO values can be misleading, hence we decide
to use volume x price data.
Yet another data issue regards household energy consumptions. The bulk of the total energy
consumption by households in India is for cooking purposes. Biomass such as firewood, cow-dung and
agricultural residues, which households commonly collect themselves (Pachauri, 2007), is the most
commonly used fuel for this purpose. We obtain the data on households’ expenditure on biomass
from the National Sample Survey Office (NSSO), which conducts regular socio-economic survey.
Though we have an estimate of the monthly per capita expense on firewood and cow-dung and the

percentage of people using these fuels, it is hard to get an estimate for the non-market consumption,
i.e. the number of people collecting the biomass themselves. We compare the households’ expenses
on forestry products specified in IO table (1.3% of total household expenditure) with the firewood and
cow-dung (1.83% and 0.16% of total household expenditure) consumption from NSSO data. The two
numbers seem compatible considering the fact that some proportion of biomass is non-marketable.
Hence, we decide to treat the IOT households’ expense on forestry products as the households’
expenditure on biomass in our final hybrid matrix.
Another noteworthy issue was the fact that there are significant amount of non-energy uses of some
petroleum products like petroleum coke, lubricants, naphtha and other non-specified oil products in
India as opposed to the situation in developed economies. We chose to affect bitumen non-energy
uses to the construction sector and petroleum coke non-energy uses to the cement sector. We then
distributed the remaining petroleum coke energy consumptions and the other non-energy uses of
petroleum products prorata the IO expense across all sectors.
Lastly, considering the increasing prominence of renewables in the Indian energy policies and the
specific tariffs and incentives for this sector, we decide to add it as a separate sector in our matrix. We
calculated the use of renewables based on the feed-in tariff provided by the government and the
volumes from the energy balance data, and distribute it across sectors according to the distribution
of total electricity expenses. Regarding resources, for lack of data, we assumed the costs into
renewables sector proportional to the electricity costs after deduction of fossil fuel costs.
Calibration on the resulting 22-product hybrid 2012 IOT follows the standard procedure of inverting
parameters and variables and solving model equations, under constraint of a set of assumptions
regarding primary factor prices and non-energy output prices normalisation, without loss of
generality.

2 Formulary of IMACLIM-IND
IMACLIM-IND operates in a comparative-static framework as a system of simultaneous non-linear
equations:
𝑓1 (𝑥1 , 𝑥2 … , 𝑥𝑛 , 𝑦1 , 𝑦2 … , 𝑦𝑚 ) = 0
𝑓2 (𝑥1 , 𝑥2 … , 𝑥𝑛 , 𝑦1 , 𝑦2 … , 𝑦𝑚 ) = 0
...
𝑓𝑛 (𝑥1 , 𝑥2 … , 𝑥𝑛 , 𝑦1 , 𝑦2 … , 𝑦𝑚 ) = 0
With 𝑥𝑖 a set of 𝑛 variables, 𝑦𝑖 a set of 𝑚 parameters and 𝑓𝑖 a set of 𝑛 functions, for some of them
linear, for some of them non-linear, in 𝑥𝑖 . The values of some variables at calibration year constitute
a specific subset of parameters, which we systematically note as the variables with a 0 index. The 𝑓𝑖
functions embody constraints of either an accounting nature or a behavioral nature. The accounting
constraints impose themselves on the modeler for the sake of consistency. The behavioral constraints,
quite distinctively, convey the modeler’s views on economic causalities and correlations.

2.1 Price system
IMACLIM-IND model differs from the standard CGE model in terms of price and income structural
constraints by accounting for non-zero profits via mark-up pricing, considering specific margins for
energy goods and by considering sector-specific wages in the model.

2.1.1 Primary factor prices
IMACLIM-IND calibrates the labour inputs to productions on employment statistics measured in fulltime equivalents. This induces sector-specific average net wages 𝑤𝑖 . The model considers that all 𝑤𝑖
record the same variation 𝛿𝑤 from their base-year levels 𝑤𝑖0 :
𝑤𝑖 = (1 + 𝛿𝑤 ) 𝑤𝑖0

(1)

The endogenous adjustment of 𝛿𝑤 follows a ‘wage curve’ constraint to the labour market clearing (see
section 2.6.2). In each sector, labour costs 𝑝𝐿𝑖 are the sum of net wages 𝑤𝑖 and of labour taxes at 𝜏𝐿𝑇𝑖
rate, which are the social contributions of employers and employees—provident funds in the case of
India. The labour tax rates 𝜏𝐿𝑇𝑖 are parameters calibrated at base year. Insurance contribution by agent

implies the payroll taxes or contribution to provident fund. The data source for this was the
employees’ provident fund organization annual report, 2012-13. We consider only the salaried class
who contributes to provident fund and not the other status occupations. The informal sector, which
occupies the unskilled jobs mostly, does not contribute to provident fund (GoI, 2015).
𝑝𝐿𝑖 = (1 + 𝜏𝐿𝑇𝑖 ) 𝑤𝑖

(2)

The average wage across all sectors 𝑤 is:
∑𝑛
𝑖=1 𝑤𝑖 𝜆𝑖 𝑌𝑖

𝑤=

∑𝑛
𝑖=1 𝜆𝑖 𝑌𝑖

(3)

The cost of capital write-offs 𝑝𝐾 is common to all sectors. At base year, its normalisation at 1000 allows
calibrating volumes of fixed capital consumption for all sectors based on the money-metric fixed
capital consumption of our hybrid IOT. At projection horizon, it is an endogenous variable of IMACLIMIND, which adjusts to clear the capital write-off capacity (see section 2.6.4).

2.1.2 Output prices
The producer price of good 𝑖, 𝑝𝑌𝑖 , proceeds from the sum of input costs, output taxes at a 𝜏𝑌𝑖 rate,
and a mark-up rate 𝜋𝑖 corresponding to the net operating surplus.
𝑝𝑌𝑖 = ∑𝑛𝑗=1 𝑝𝑗𝑖 𝛼𝑗𝑖 + 𝑝𝐿𝑖 𝜆𝑖 + 𝑝𝐾 𝜅𝑖 + 𝜏𝑌𝑖 𝑝𝑌𝑖 + 𝜋𝑖 𝑝𝑌𝑖

(4)

Input costs are the products of input prices and input intensities or technical coefficients 𝜆𝑖 (labour
intensity), 𝜅𝑖 (fixed-capital-consumption intensity) and 𝛼𝑗𝑖 (intensities in secondary factors including
energy intensities). The mark-up rate 𝜋𝑖 is calibrated at base year and held constant in further years.
A Fisher index (geometric mean of the Laspeyres and Paasche indexes) measure the aggregate
evolution of output prices:
∑𝑖 𝑝𝑌𝑖 𝑌𝑖0 ∑𝑖 𝑝𝑌𝑖 𝑌𝑖
𝑖 𝑝𝑌𝑖0 𝑌𝑖0 ∑𝑖 𝑝𝑌𝑖0 𝑌𝑖

𝑂𝑃𝐼 = √∑

(5)

2.1.3 Import and average resource prices
Import prices 𝑝𝑀𝑖 are exogenous. ‘Other Services’ imports act as numéraire of IMACLIM-IND and their
price is therefore maintained at base-year value. Energy prices variations from base year reflect
AIM/Enduse assumptions.

We consider the imported and domestic energy goods to be homogenous rather than assuming
Armington specification as commonly done in CGE models. This is to maintain an explicit account of
physical volumes, which is one primary component of our approach of modelling.3 For the sake of
simplicity, we treat non-energy goods similarly to energy goods. The average supply price of good 𝑖,
𝑝𝑆𝑖 , is therefore the weighted average of the output and import prices of good 𝑖, with the output and
import volumes as weights.
𝑝𝑆𝑖 =

𝑝𝑌𝑖 𝑌𝑖 + 𝑝𝑀𝑖 𝑀𝑖
𝑌 𝑖 + 𝑀𝑖

(6)

2.1.4 Intermediate consumption prices
The price of intermediate goods 𝑝𝑖𝑗 , i.e. the purchaser’s price of good 𝑖 for producing good 𝑗, is equal
to the resource price augmented from trade 𝜏𝐶𝑀𝑖 and transport 𝜏 𝑇𝑀𝑖 margins, specific margins 𝜏𝑆𝑀𝑖𝑗
and excise taxes:
𝑝𝑖𝑗 = 𝑝𝑆𝑖 (1 + 𝜏𝐶𝑀𝑖 + 𝜏 𝑇𝑀𝑖 + 𝜏𝑆𝑀𝑖𝑗 ) + 𝑡𝐸𝑇𝑖𝑗

(7)

Specific margins embody deviations of purchaser prices from the average output price augmented by
the relevant taxes and trade and transport margins. In IMACLIM-IND, where the process of data
hybridisation only regards energy goods, they are nil for non-energy goods. For all goods and at all
modelled horizons, we keep them at their calibration values.
We also keep all positive trade and transport margins at their calibration values at all modelled
horizons. The negative margins, which correspond to those sectors providing the underlying trade and
transport services, adjust to warrant the accounting balances:
∑𝑖 𝜏𝐶𝑀𝑖 𝑝𝑆𝑖 (∑𝑛𝑗=1 𝛼𝑖𝑗 𝑌𝑗 + 𝐶𝑖 + 𝐺𝑖 + 𝐼𝑖 + 𝑋𝑖 ) = 0

(8)

∑𝑖 𝜏 𝑇𝑀𝑖 𝑝𝑆𝑖 (∑𝑛𝑗=1 𝛼𝑖𝑗 𝑌𝑗 + 𝐶𝑖 + 𝐺𝑖 + 𝐼𝑖 + 𝑋𝑖 ) = 0

(9)

and

In the case of transport services, which flow from four different sectors, we assume that the
four corresponding negative margins adjust according to one single endogenous variation 𝛿𝑇𝑀 :

3

The Armington specification differentiates the domestic and imported versions of goods. It creates a hybrid of
both goods, whose volume does not proceed from the summing of those of the imported and domestic goods.

∀𝑖 ∈ {𝐴𝑇𝑅, 𝑊𝑇𝑅, 𝑅𝑂𝐴, 𝑅𝐴𝐼} 𝜏 𝑇𝑀𝑖 = (1 + 𝛿𝑇𝑀 ) 𝜏 𝑇𝑀𝑖0

(10)

The lack of statistics prevents differentiating either 𝜏 𝑇𝑀𝑖 or 𝜏𝐶𝑀𝑖 by end-use.

2.1.5 Final consumption prices
The purchaser's prices of good 𝑖 for households 𝑝𝐶𝑖 , government 𝑝𝐺𝑖 , investment 𝑝𝐼𝑖 and foreign
agents (export price) 𝑝𝑋𝑖 follow definitions similar to that of intermediate prices, with the difference
of the additional value-added tax at rate 𝜏𝑉𝐴𝑇𝑖 for all sales but exports, which do not either bear any
excise tax.
𝑝𝐶𝑖 = (𝑝𝑆𝑖 (1 + 𝜏𝐶𝑀𝑖 + 𝜏 𝑇𝑀𝑖 + 𝜏𝑆𝑀𝐶𝑖 ) + 𝑡𝐸𝑇𝐶𝑖 ) (1 + 𝜏𝑉𝐴𝑇𝑖 )

(11)

𝑝𝐺𝑖 = (𝑝𝑆𝑖 (1 + 𝜏𝐶𝑀𝑖 + 𝜏 𝑇𝑀𝑖 + 𝜏𝑆𝑀𝐺𝑖 ) + 𝑡𝐸𝑇𝐺𝑖 ) (1 + 𝜏𝑉𝐴𝑇𝑖 )

(12)

𝑝𝐼𝑖 = (𝑝𝑆𝑖 (1 + 𝜏𝐶𝑀𝑖 + 𝜏 𝑇𝑀𝑖 + 𝜏𝑆𝑀𝐼𝑖 ) + 𝑡𝐸𝑇𝐼𝑖 ) (1 + 𝜏𝑉𝐴𝑇𝑖 )

(13)

𝑝𝑋𝑖 = 𝑝𝑆𝑖 (1 + 𝜏𝐶𝑀𝑖 + 𝜏 𝑇𝑀𝑖 + 𝜏𝑆𝑀𝑋𝑖 )

(14)

Similar to the output price index OPI, a Fisher consumer price index (CPI) measures the aggregate
evolution of consumer prices:

∑𝑖 𝑝𝐶 𝐶𝑖0 ∑𝑖 𝑝𝐶 𝐶𝑖
𝑖
𝑖
𝑖 𝑝𝐶𝑖0 𝐶𝑖0 ∑𝑖 𝑝𝐶𝑖0 𝐶𝑖

𝐶𝑃𝐼 = √∑

(15)

2.2 Households
2.2.1 Income, savings and investment
The after-tax disposable income of households 𝑅𝐻 proceeds from primary factor incomes, social
transfers, property income and an aggregate of other secondary transfers.
𝑅𝐻 = ∑𝑖 𝑤𝑖 𝑙𝑖 𝑌𝑖 + 𝜔𝐾𝐻 𝐺𝑂𝑆 + ∑𝑖=𝑃,𝑈,𝑇 𝜌𝑖 𝑁𝑖 + 𝜔𝑂𝑇𝐻 𝐺𝐷𝑃 − 𝑖𝐻 𝐷𝐻 − 𝜏𝐼𝑇 𝑅𝐻 − 𝑡𝐻 𝐶𝑃𝐼 𝑁𝑇

(16)

∑𝑖 𝑤𝑖 𝑙𝑖 𝑌𝑖 is the total net income from labour i.e. the sum of wages obtained from all economic
sectors. We obtained labour disaggregation across sectors from the NSS employment survey, except
for the ‘Renewables’ sector, which we obtained from the IRENA report on 2013 renewable jobs
(IRENA, 2017), and for the ‘Housing’ sector, which we disaggregated from services by assuming

homogenous average wage. 𝜔𝐾𝐻 𝐺𝑂𝑆 is the share 𝜔𝐾𝐻 of total capital income, or gross operating
surplus 𝐺𝑂𝑆, directly accruing to households in the form of, mainly, housing rents (imputed or real).
Social transfers involve pensions 𝜌𝑃 𝑁𝑃 , unemployment transfers 𝜌𝑈 𝑁𝑈 and other social transfers
𝜌𝑇 𝑁𝑇 like support in the form of minimum income given by the government. 𝜌𝑖 stands for per capita
transfers and 𝑁𝑖 for a target population: exogenous pensioned population 𝑁𝑃 , endogenous
unemployed population 𝑁𝑈 or exogenous total population 𝑁𝑇 . Other transfers form a constant 𝜔𝑂𝑇𝐻
share of 𝐺𝐷𝑃 calibrated at base year. They include marginal income sources like lottery gains or
remittances. Property income is the interest payment on the net debt 𝐷𝐻 at rate 𝑖𝐻 resulting from the
balance of income from financial assets, bonds or credit, and interest payments on liabilities. Income
taxes are paid at rate 𝜏𝐼𝑇 on disposable income 𝑅𝐻 . A per capita 𝑡𝐻 amount of other direct taxes
(housing taxes, land taxes, etc.) is paid as well, which evolves as the consumer price index 𝐶𝑃𝐼.
Households savings at rate 𝜏𝑆 adjust to balance investments and savings (see section 2.6.4). The
consumption budget of households is equal to the disposable income net of savings:
𝑅𝐶 = (1 − 𝜏𝑆 ) 𝑅𝐻

(17)

The investment effort of households 𝐺𝐹𝐶𝐹𝐻 is in constant proportion to their disposable income 𝑅𝐻 .
We computed the contributions of agents to total gross fixed capital formation using the information
on key economic indicators for institutional sectors from Ministry of Statistics and Programme
Implementation (MOSPI).
𝐺𝐹𝐶𝐹𝐻
𝑅𝐻

=

𝐺𝐹𝐶𝐹𝐻0
𝑅𝐻0

(18)

The net lending or borrowing (NLB) of households 𝑁𝐿𝐵𝐻 is the difference between their disposable
income and their consumption and investment.
𝑁𝐿𝐵𝐻 = 𝑅𝐻 − 𝑅𝐶 − 𝐺𝐹𝐶𝐹𝐻

(19)

2.2.2 Consumption choices
Households’ consumptions of energy goods proceed from the coupled AIM/Enduse bottom-up model.
The iterative coupling procedure warrants that they are consistent with the evolution of households’
income. Non-energy goods are in two sets. One set resorts to elasticities of per capita consumption
𝐶𝑖
𝑁𝑇

to real per capita consumption budget:

∀𝑖 ∈ {𝑇𝐸𝑋, 𝐼𝑁𝐷, 𝐴𝐺𝑅, 𝐴𝑇𝑅, 𝑅𝐴𝐼, 𝑅𝑂𝐴, 𝐻𝑂𝑈 } 𝐶𝑖 = 𝐶𝑖0

𝑁𝑇
𝑅
𝑁𝑇0 𝜎𝐶𝑅𝑖
( 𝐶
)
𝑁𝑇0 𝑁𝑇 𝑂𝑃𝐼 𝑅𝐶0

(20)

For numerical convenience, we use the output price index 𝑂𝑃𝐼 as a proxy of the CPI deflator to
compute real variations of the consumption budget at current prices 𝑅𝐶 .
For lack of better assumption, the remaining set of non-energy goods mobilises constant shares of the
consumption budget remainder:
∀𝑖 ∈ 𝐴 = {𝐼&𝑆, 𝐶𝐸𝑀, 𝐶𝐻𝐸, 𝐴𝐿𝑈, 𝐶𝑂𝑁, 𝑊𝑇𝑅, 𝑆𝐸𝑅 }

𝑝𝐶𝑖 𝐶𝑖
𝑅𝐶 −∑𝑗∉𝐴 𝑝𝐶𝑗 𝐶𝑗

=𝑅

𝑝𝐶𝑖0 𝐶𝑖0

𝐶0 −∑𝑗∉𝐴 𝑝𝐶𝑗0

𝐶𝑗0

(21)

The residual budget shares of I&S, ALU, CON and WTR are nil. Cement (CEM) mobilises a mere 0.1%
and chemical and petrochemical products (CHE) 5%. The bulk of the residual budget therefore accrues
to services (SER).

2.3 Firms
2.3.1 Income and investment
Similarly to households, firms earn a share 𝜔𝐾𝐹 of capital payments 𝐺𝑂𝑆 and a share 𝜔𝑂𝑇𝐹 of GDP as
other transfers. We calibrate both shares at base year and keep them constant in projections. Firms
pay interests at rate 𝑖𝐹 on their net debt 𝐷𝐹 as well as corporate taxes at rate 𝜏𝐶𝑇 on their gross
operating surplus GOS.
𝑅𝐹 = 𝜔𝐾𝐹 𝐺𝑂𝑆 + 𝜔𝑂𝑇𝐹 𝐺𝐷𝑃 − 𝑖𝐹 𝐷𝐹 − 𝜏𝐶𝑇 𝐺𝑂𝑆

(22)

Their investment effort is equal to total investment net of the investment of households and public
administrations:
𝐺𝐹𝐶𝐹𝐹 = ∑𝑖 𝑝𝐼𝑖 𝐼𝑖 − 𝐺𝐹𝐶𝐹𝐻 − 𝐺𝐹𝐶𝐹𝐺

(23)

The fact that total investment is a fixed share of GDP at current prices (see Equation 48) and the
investment behaviours of households and public administrations warrants a relatively stable
investment effort by firms.
Similar to households as well, the net lending or borrowing of firms is then:
𝑁𝐿𝐵𝐹 = 𝑅𝐹 − 𝐺𝐹𝐶𝐹𝐹

(24)

2.3.2 Production trade-offs
Coupling with the AIM/Enduse model provides information on the evolution of the energy intensities
of all sectors as well as on the capital intensity of a subset of them: all 8 energy sectors, heavy
industries I&S, CHE, CEM, ALU and textile TEX. IMACLIM-IND builds on such information, which it
treats as exogenous Leontief coefficients. Additionally, it keeps constant at calibration value all
technical coefficients that cannot be inferred from AIM (typically non-energy intensities). The coupling
process via iteration to convergence warrants that AIM/Enduse energy consumptions and annualised
investment costs are consistent with IMACLIM-IND activity drivers.
For the 9 non-energy sectors whose capital intensity is not traced by AIM (CON, IND, AGR, ATR, WTR,
ROA, RAI, HOU, SER), IMACLIM-IND considers CES substitutability between capital 𝐾 and labour 𝐿, to
1

form a value-added aggregate 𝐾𝐿: 𝐾𝐿𝑖 = (𝑎𝐾𝐿𝑖 𝐾𝑖 𝜌𝐾𝐿𝑖 + 𝑏𝐾𝐿𝑖 (𝜙𝐿 𝐿𝑖 )𝜌𝐾𝐿𝑖 )𝜌𝐾𝐿𝑖 , taking account of
labour productivity gains 𝜙𝐿 . The 𝜌𝐾𝐿𝑖 parameter is in fact a function of 𝜎𝐾𝐿𝑖 the elasticity of
substitution of 𝐾 to 𝐿 in sector 𝑖: 𝜌𝐾𝐿𝑖 =

𝜎𝐾𝐿𝑖 −1
.
𝜎𝐾𝐿𝑖

The 𝑎𝐾𝐿𝑖 and 𝑏𝐾𝐿𝑖 paramaters are calibrated at base

year, they relate to the relative cost shares of 𝐾 and 𝐿 for the different activity sectors. At projection
year, facing prices 𝑝𝐾 and 𝑝𝐿𝑖 , cost minimization yields for sectors 𝑖 ∈ {𝐶𝑂𝑁, 𝐼𝑁𝐷, 𝐴𝐺𝑅, 𝐴𝑇𝑅,
𝑊𝑇𝑅, 𝑅𝑂𝐴, 𝑅𝐴𝐼, 𝐻𝑂𝑈, 𝑆𝐸𝑅}:

𝐿𝑖 =

1 𝑏𝐾𝐿𝑖 𝜙𝐿 𝜎𝐾𝐿𝑖
( 𝑝 )
𝜙𝐿
𝐿𝑖

𝐾𝑖 =

𝜎𝐾𝐿𝑖
𝑎
( 𝐾𝐿𝑖 )
𝑝𝐾

−1

(𝑎𝐾𝐿𝑖

𝜎𝐾𝐿𝑖

𝑝𝐾

1−𝜎𝐾𝐿𝑖

+

𝑝 1−𝜎𝐾𝐿𝑖 𝜌𝐾𝐿𝑖
𝑏𝐾𝐿𝑖 𝜎𝐾𝐿𝑖 ( 𝜙𝐿𝑖)
)
𝐿

𝐾𝐿𝑖

(25)

−1

(𝑎𝐾𝐿𝑖

𝜎𝐾𝐿𝑖

𝑝𝐾

1−𝜎𝐾𝐿𝑖

+ 𝑏𝐾𝐿𝑖

𝜎𝐾𝐿𝑖

𝑝 1−𝜎𝐾𝐿𝑖 𝜌𝐾𝐿𝑖
( 𝐿𝑖)
)
𝜙𝐿

𝐾𝐿𝑖

(26)

All secondary factor intensities are exogenous, either taken from AIM (energy intensities) or constant
at calibration year value (non-energy intensities). The 𝐾𝐿 intensity of concerned productions is
constant (Leontief assumption):
∀𝑖 ∈ {𝐶𝑂𝑁, 𝐼𝑁𝐷, 𝐴𝐺𝑅, 𝐴𝑇𝑅, 𝑊𝑇𝑅, 𝑅𝑂𝐴, 𝑅𝐴𝐼, 𝐻𝑂𝑈, 𝑆𝐸𝑅}

𝐾𝐿𝑖
𝑌𝑖

=

𝐾𝐿𝑖0
𝑌𝑖0

(27)

2.3.3 Gross operating surplus
Gross operating surplus accruing from productive activities is the sum of capital write-offs, profits at
mark-up rates 𝜋𝑖 and specific margins 𝑆𝑀, which are in fact cost differentials between end-uses of
each energy sector. From the literature on national statistics, we assume that GOS divides amongst

the three agents, corporation, government and households, in a ratio of 67%, 14% and 19%
respectively.
𝐺𝑂𝑆 = ∑𝑛𝑖=1(𝑝𝐾 𝜅𝑖 𝑌𝑖 + 𝜋𝑖 𝑝𝑌𝑖 𝑌𝑖 ) + 𝑆𝑀

(28)

𝑆𝑀 = ∑𝑖(∑𝑗 𝜏𝑆𝑀𝐼𝐶𝑖 𝑝𝑖 𝛼𝑖𝑗 𝑌𝑗 + 𝜏𝑆𝑀𝐶𝑖 𝑝𝑖 𝐶𝑖 + 𝜏𝑆𝑀𝐺𝑖 𝑝𝑖 𝐺𝑖 + 𝜏𝑆𝑀𝑋𝑖 𝑝𝑖 𝑋𝑖 )

(29)

Total specific margins are:

2.4 Public administrations
2.4.1 Public income
The gross disposable income of public administrations 𝑅𝐺 derives from taxes and social security
contributions 𝑇, exogenous 𝜔𝐾𝐺 and 𝜔𝑂𝑇𝐺 shares of the GOS (that of public companies) and GDP,
corrected from transfers to households ∑𝑗 𝜌𝑗 𝑁𝑗 and interest payments at rate 𝑖𝐺 on the net public
debt 𝐷𝐺 .
𝑅𝐺 = 𝑇 + 𝜔𝐾𝐺 𝐺𝑂𝑆 + 𝜔𝑂𝑇𝐺 𝐺𝐷𝑃 − ∑𝑖=𝑈,𝑃,𝑇 𝜌𝑖 𝑁𝑖 − 𝑖𝐺 𝐷𝐺

(30)

Tax revenue 𝑇 comprises primary factor and output taxes, the VAT and excise taxes, the income tax
and other direct taxes and the corporate tax.
𝜏𝑉𝐴𝑇𝑖

𝑇 = ∑𝑛𝑖=1 𝜏𝐿𝑇𝑖 𝑤𝑖 𝑙𝑖 𝑌𝑖 + 𝜏𝑌𝑖 𝑝𝑌𝑖 𝑌𝑖 + 1+𝜏

𝑉𝐴𝑇𝑖

(𝑝𝐶𝑖 𝐶𝑖 + 𝑝𝐺𝑖 𝐺𝑖 + 𝑝𝐼𝑖 𝐼𝑖 ) + ∑𝑖 ∑𝑗 𝑡𝐸𝑇𝑖𝑗 𝛼𝑖𝑗 𝑌𝑗

+ 𝑡𝐸𝑇𝐶𝑖 𝐶𝑖 + 𝑡𝐸𝑇𝐺𝑖 𝐺𝑖 + 𝑡𝐸𝑇𝐼𝑖 𝐼𝑖 + 𝜏𝐼𝑇 𝑅𝐻 + 𝑡𝐻 𝐶𝑃𝐼 𝑁𝑇 + 𝜏𝐶𝑇 ∑𝑖 𝜋𝑖 𝑝𝑌𝑖 𝑌𝑖

(31)

Per capita social transfers are in constant proportion to the average wage:
∀𝑖 ∈ {𝑈, 𝑃, 𝑇}

𝜌𝑖
𝑤

=

𝜌𝑖0
𝑤0

(32)

2.4.2 Public expenditures and budget balance
Public expenditures ∑𝑖 𝑝𝐺𝑖 𝐺𝑖 and investment 𝐺𝐹𝐶𝐹𝐺 are both constant shares of GDP at current
prices:
∑𝑛
𝑖=1 𝑝𝐺𝑖 𝐺𝑖
𝐺𝐷𝑃

=

∑𝑛
𝑖=1 𝑝𝐺𝑖0 𝐺𝑖0
𝐺𝐷𝑃0

(33)

𝐺𝐹𝐶𝐹𝐺
𝐺𝐹𝐶𝐹𝐺0

𝐺𝐷𝑃

= 𝐺𝐷𝑃

(34)

0

Public expenditures distribute across sectors by assuming homothetical variations from
calibration year levels:
𝐺𝑖 = 𝛽𝐺 𝐺𝑖0

(35)

The public budget balance or net lending or borrowing of public administrations is:
𝑁𝐿𝐵𝐺 = 𝑅𝐺 − ∑𝑖 𝑝𝐺𝑖 𝐺𝑖 − 𝐺𝐹𝐶𝐹𝐺

(36)

2.5 Rest of the world
2.5.1 International trade
International trade of energy goods is exogenous from the AIM/Enduse model. For non-energy goods,
the competition on international markets depends on the relative prices of goods. The contribution
of trade to resources and uses i.e. the ratios of imports 𝑀𝑖 and exports 𝑋𝑖 to total supply 𝑌𝑖 + 𝑀𝑖 are
elastic to the evolution of domestic (𝑝𝑌𝑖 or 𝑝𝑋𝑖 ) versus foreign (𝑝𝑀𝑖 ) prices.
𝑀𝑖
𝑌𝑖 +𝑀𝑖

=𝑌

𝑋𝑖
𝑌𝑖 +𝑀𝑖

=

𝑀𝑖0
𝑖0 +𝑀𝑖0

𝑝𝑀0 𝑝𝑌𝑖 𝜎𝑀𝑝𝑖

(𝑝

𝑌0

𝑝𝑀𝑖

)

𝑝𝑋0 𝑝𝑀𝑖 𝜎𝑋𝑝𝑖
)
𝑌𝑖0 +𝑀𝑖0 𝑝𝑀0 𝑝𝑋𝑖
𝑋𝑖0

(

(37)

(38)

The ratio between the domestic and international vectors of prices does not result from a trade
balance assumption as in standard CGE models. Rather, it is dictated by the assumption of an
unemployment rate stabilised at base year level:
𝑢 = 𝑢0

(39)

The purpose of not fixing the trade balance is to allow assessing the transitory impact of low-carbon
pathways on trade deficits. Stabilising the unemployment rate requires setting the ratio between
domestic and international prices at some specific level, under constraint of the above import and
export specifications. The policy interpretation is that of the Indian government manipulating the
nominal exchange rate with that objective as target.

2.5.2 Capital flows
The Rest of the world (ROW) agent balances out trade (by selling imports ∑𝑖 𝑝𝑀𝑖 𝑀𝑖 and buying exports
∑𝑖 𝑝𝑋𝑖 𝑋𝑖 ), property income and interest payments. Its net lending or borrowing capacity 𝑁𝐿𝐵𝑅𝑂𝑊 is
thus:
𝑁𝐿𝐵𝑅𝑂𝑊 = ∑𝑖 𝑝𝑀𝑖 𝑀𝑖 − ∑𝑖 𝑝𝑋𝑖 𝑋𝑖 − ∑𝑗=𝐻,𝐹,𝐺 𝑖𝑗 𝐷𝑗 − ∑𝑗=𝐻,𝐹,𝐺 𝜔𝑂𝑇𝑗 𝐺𝐷𝑃

(40)

2.6 Market clearings
2.6.1 Goods markets
The balance of goods markets is between resources, which comprise domestic production 𝑌𝑖 and
imports 𝑀𝑖 , and uses, which consists of households’ and public consumptions 𝐶𝑖 and 𝐺𝑖 ,
immobilisations 𝐼𝑖 and exports 𝑋𝑖 . For energy goods, the data hybridization process results in this
equation being expressed in million tons-of-oil-equivalent (Mtoe), in consistency with the 2012 Indian
energy balance of the International Energy Agency (IEA). The public consumptions and
immobilisations of all energy goods are nil, by national accounting convention for the former and by
definition for the latter.
𝑌𝑖 + 𝑀𝑖 = ∑𝑛𝑗=1 𝛼𝑖𝑗 𝑌𝑗 + 𝐶𝑖 + 𝐺𝑖 + 𝐼𝑖 + 𝑋𝑖

(41)

2.6.2 Labour market
Total labour demand from sector 𝑖 is:
𝐿𝑖 = 𝜆𝑖 𝑌𝑖

(42)

Labour market clearing requires that labour demand and unemployment balance out labour supply
from households. One of the key structural assumptions of IMACLIM-IND is indeed to consider
equilibrium unemployment 𝑢. The labour supply of households or labour endowment 𝐿 is an
exogenous parameter computed from International Labour Organisation (ILO) 2018 estimates (ILO,
2018) until 2021 and considering the 2020 ratio of labour to working age (20 to 69) population from
the United Nations (UN, 2015) from 2021 on.
∑22
𝑖=1 𝐿𝑖 = (1 − 𝑢) 𝐿

(43)

The unemployed population 𝑁𝑈 is:
𝑁𝑈 = 𝑢 𝐿

(44)

A wage curve describes the correlation between the unemployment rate and the average wage
(Blanchflower and Oswald, 2005). The purchasing power of wages—the average wage at current
prices 𝑤 deflated by the consumer price index 𝐶𝑃𝐼—is elastic to unemployment variations

𝑢
𝑢0

with

𝜎𝑤𝑢 elasticity, around a trend defined by labour productivity gains 𝜙𝐿 :
𝑤
𝐶𝑃𝐼

𝑢 𝜎𝑤𝑢

= 𝜙𝐿 𝑤0 (𝑢 )

(45)

𝐾𝑖 = 𝜅𝑖 𝑌𝑖

(46)

0

2.6.3 Capital markets
Total capital write-offs from sector 𝑖 are:

Considering current implementations in single time steps from 2012 to 2030 and 2050, version 1.0 of
IMACLIM-IND simplifies capital accumulation by assuming that total fixed capital consumption grows
proportionally to investment flows:
22
∑22
𝑖=1 𝐾𝑖 = 𝛽𝐼 ∑𝑖=1 𝐾𝑖0

(47)

The cost of capital write-offs 𝑝𝐾 adjusts to constrain them to this target level (see section
2.1.1).

2.6.4 Investment and savings
Rather than considering fixed domestic and foreign savings and closing on investment (neoclassical
closure rule of the standard CGE model), IMACLIM-IND considers a fixed investment effort (‘Johansen
closure’ following Sen, 1963), flexible foreign savings—induced by the exchange rate adjustments
allowing to maintain the unemployment level (see Equation 39)—and closes on domestic savings by
adjustment of households’ savings rate 𝜏𝑆 . Investment is an exogenous GDP share:
∑22
𝑖=1 𝑝𝐼𝑖 𝐼𝑖 = 𝑠𝐼 𝐺𝐷𝑃

(48)

The investment supply of households is a fixed share of their income and that of public administrations
a fixed share of GDP. The investment supply of firms adjusts to match investment demand (see
Equation 23 above).
Similar to public expenditures, the investment effort distributes across sectors by assuming
homothetical variations from calibration values i.e. constant composition of the homogenous
(across sectors) investment good:
𝐼𝑖 = 𝛽𝐼 𝐼𝑖0

(49)

𝐺𝐷𝑃 = ∑22
𝑖=1 𝑝𝐶𝑖 𝐶𝑖 + 𝑝𝐺𝑖 𝐺𝑖 + 𝑝𝐼𝑖 𝐼𝑖 + 𝑝𝑋𝑖 𝑋𝑖 − 𝑝𝑀𝑖 𝑀𝑖

(50)

2.7 GDP
GDP is the sum of final expenditures:

2.8 Net debts of agents
Depending on its sign at calibration year and at the projection horizon, the NLB of agents accumulates
into debt or credit. The assumption is that agents see their NLB net of interest payments or Primary
Balance evolve linearly over the 𝑦 years between the calibration year and the projection year. Interests
accrue at agent-specific rate 𝑖𝑗 , 𝑗 ∈ {𝐻, 𝐹, 𝐺}, while monetary inflation at rate 𝜏𝐼𝑀 erodes the real value
of the calibration-year net debt 𝐷𝑗0 . By recursion and using known sums of terms of geometric suites,
the net debt at projection horizon is therefore, for 𝑗 ∈ {𝐻, 𝐹, 𝐺}:
1+𝑖𝑗

𝑦

𝐷𝑗 = (1+𝜏 ) 𝐷𝑗0 − 𝐴𝐷𝑗 (𝑃𝐵𝑗0 − (𝑦 − 1)

𝑃𝐵𝑗 −𝑃𝐵𝑗0
𝑦

𝐼𝑀

) + 𝐵𝐷𝑗

𝑃𝐵𝑗 −𝑃𝐵𝑗0
𝑦

(51)

with
𝑃𝐵𝑗 = 𝑁𝐿𝐵𝑗 + 𝑖𝑗 𝐷𝑗

𝐴𝐷𝑗 =

1+𝑖𝑗
⁄1+𝜏
1−(
1−

(52)
𝑦

𝐼𝑀

)

𝑦

𝐵𝐷𝑗 =

(53)

1+𝑖𝑗
⁄1+𝜏
𝐼𝑀
𝑦+1

(1+𝜏𝐼𝑀 )𝑦 (1+𝑖𝑗 )−𝑦 (1+𝜏𝐼𝑀 ) (1+𝑖𝑗 ) +(𝑦−1)(1+𝑖𝑗 )
2

(𝜏𝐼𝑀 +𝑖𝑗 ) (1+𝜏𝐼𝑀 )𝑦−1

(54)

The net debt of foreign agents 𝐷𝑅𝑂𝑊 balances out domestic assets and liabilities:
𝐷𝑅𝑂𝑊 = − ∑𝑗=𝐻,𝐹,𝐺 𝐷𝑗

(55)
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Annex 1
IMACLIM-IND notations
IMACLIM-IND counts 886 equations, taking account of the fact that:
Equations (3), (5), (8), (9), (15), (16), (17), (18), (19), (22), (23), (24), (28), (29), (30), (31), (33),
(34), (36), (39), (40), (43), (44), (45), (47), (48), (50) and (55) count once each: 28 equations,
Equations (32), (51), (52), (53), (54) count 3 times each (one equation per type of public
transfer or per type of domestic agent): 15 equations,
Equation (10) counts 4 times (one equation per transport sector): 4 equations,
Equations (20) and (21) count 7 times each (7 income-elastic non-energy goods, 7 other nonenery goods): 14 equations.
Equations (25), (26) and (27) count 9 times each (9 productions with endogenous 𝐾 versus 𝐿
trade-off): 27 equations.
Equations (37) and (38) count 14 times each (one equation per energy good): 28 equations.
Equations (1), (2), (4), (6), (11), (12), (13), (14), (35), (41), (42), (46) and (49) count 22 times
each (one equation per sector): 286 equations.
Equation (7) counts 484 times (on equation per sector at power 2): 484 equations.
The following table identifies the 886 variables (Var. count of last-but-one column) matching this
number of equations. It also lists all parameters of the model, which for most of them are calibrated
at base-year level on our hybrid dataset, for some other stem from other outside sources.

Notation

Description

Var.

Par.

𝐴𝐷𝑗

Element of net debt computation (to ease exposition), 𝑗 ∈ {𝐻, 𝐹, 𝐺}
(households, firms, public administrations).

3

0

𝐵𝐷𝑗

Element of net debt computation (to ease exposition), 𝑗 ∈ {𝐻, 𝐹, 𝐺}
(households, firms, public administrations).

3

0

𝐶𝑖

Final consumption of good 𝑖 by households.

14

8

𝐷𝑗

Net debt of agent 𝑗 ∈ {𝐻, 𝐹, 𝐺, 𝑅𝑂𝑊} (households, firms, public
administrations, foreign agents).

4

0

𝐺𝐹𝐶𝐹𝑗

Gross fixed capital formation of agent 𝑗 ∈ {𝐻, 𝐹, 𝐺} (households, firms,
public administrations).

3

0

𝐺𝑖

Final public consumption of good 𝑖.

22

0

𝐼𝑖

Final consumption of good 𝑖 for the investment.

22

0

𝐾𝑖

Total capital write-offs in sector 𝑖

22

0

𝐿𝑖

Total labour demand from sector 𝑖

22

0

𝐾𝐿𝑖

Value-added intensity of the production of good 𝑖 ∈
{𝐶𝑂𝑁, 𝐼𝑁𝐷, 𝐴𝐺𝑅, 𝐴𝑇𝑅, 𝑊𝑇𝑅, 𝑅𝑂𝐴, 𝑅𝐴𝐼, 𝐻𝑂𝑈, 𝑆𝐸𝑅}

9

0

𝑀𝑖

Imports of good 𝑖. Imports of Coke and Transport fuels are exogenous,
from the Aim/Enduse model. Imports of Biomass, Electricity and
Renewable Energy are exogenously set at 0.

17

5

𝑁𝐿𝐵𝑗

Net lending or borrowing of agent 𝑗 ∈ {𝐻, 𝐹, 𝐺, 𝑅𝑂𝑊} (households, firms,
public administrations, foreign agents).

4

0

𝑁𝑃

Pensioned population

0

1

𝑁𝑇

Total population

0

1

𝑁𝑈

Unemployed population

1

0

𝑃𝐵𝑗

Primary balance (net lending or borrowing excluding interest payments)
of agent 𝑗 ∈ {𝐻, 𝐹, 𝐺} (households, firms, public administrations).

3

0

𝑅𝐶

Consumption budget of households

1

0

𝑅𝑗

Gross disposable income of agent 𝑗 ∈ {𝐻, 𝐹, 𝐺} (households, firms, public
administrations).

3

0

𝑋𝑖

Export of good 𝑖. Exports of 8 energy goods are exogenous from
AIM/Enduse model.

14

8

𝑌𝑖

Domestic output of good 𝑖. Ouput of Coal, Oil and non-transport fuels and
Natural gas are exogenous from AIM/Enduse model.

19

3

𝑎𝐾𝐿𝑖

Parameter of substitution of 𝐾 to 𝐿 in good 𝑖 production,
𝑖 ∈ {𝐶𝑂𝑁, 𝐼𝑁𝐷, 𝐴𝐺𝑅, 𝐴𝑇𝑅, 𝑊𝑇𝑅, 𝑅𝑂𝐴, 𝑅𝐴𝐼, 𝐻𝑂𝑈, 𝑆𝐸𝑅}.

0

9

𝑏𝐾𝐿𝑖

Parameter of substitution of 𝐾 to 𝐿 in good 𝑖 production,
𝑖 ∈ {𝐶𝑂𝑁, 𝐼𝑁𝐷, 𝐴𝐺𝑅, 𝐴𝑇𝑅, 𝑊𝑇𝑅, 𝑅𝑂𝐴, 𝑅𝐴𝐼, 𝐻𝑂𝑈, 𝑆𝐸𝑅}.

0

9

𝑖𝑗

Effective interest rate on the net debt of agent 𝑗 ∈ {𝐻, 𝐹, 𝐺}.

0

3

𝑝𝐶𝑖

Price of good 𝑖 for households

22

0

𝑝𝐺𝑖

Public price of good 𝑖

22

0

𝑝𝐼𝑖

Investment price of good 𝑖

22

0

𝑝𝐾

Cost of capital write-offs.

1

0

𝑝𝐿𝑖

Cost of labour input in the production of good 𝑖

𝑝𝑀𝑖

Import price of good 𝑖

𝑝𝑆𝑖

22

0

0

22

Average price of good 𝑖 supply (output and imports)

22

0

𝑝𝑋𝑖

Export price of good 𝑖

22

0

𝑝𝑌𝑖

Output price of good 𝑖

22

0

𝑝𝑖𝑗

Price of good 𝑖 for the production of good 𝑗

484

0

𝑠𝐼

Investment effort as a share of GDP at current prices.

0

1

𝑡𝐸𝑇𝐶𝑖

Excise taxes per unit of household consumption of good 𝑖.

0

22

𝑡𝐸𝑇𝐺𝑖

Excise taxes per unit of public consumption of good 𝑖.

0

22

𝑡𝐸𝑇𝐼𝑖

Excise taxes per unit of good 𝑖 immobilisation.

0

22

𝑡𝐸𝑇𝑖𝑗

Excise taxes per good 𝑖 consumption in good 𝑗 production.

0

484

𝑡𝐻

Per capita direct tax of households at calibration year prices.

0

1

𝑤𝑖

Average net wage in the production of good 𝑖

22

0

𝛼𝑖𝑗

Technical coefficient, good 𝑖 intensity of good 𝑗

0

484

𝛽𝐺

Scaling factor of public consumptions between calibration-year and
projection year.

1

0

𝛽𝐼

Scaling factor of immobilisations between calibration-year and projection
year.

1

0

𝛿𝑇𝑀

Variation of transport margin rates on transport sectors sales from
calibration year to projection year.

1

0

𝛿𝑤

Variation of wages relative to the price of the numéraire (Oter services
imports) from calibration year to projection year.

1

0

𝜅𝑖

Technical coefficient, capital (write-off) intensity of good 𝑖.

9

13

𝜆𝑖

Technical coefficient, labour intensity of good 𝑖.

9

13

𝜋𝑖

Rate of net operating surplus (mark-up rate) in the production of good 𝑖.

0

22

𝜌𝐾𝐿𝑖

Parameter of substitution of 𝐾 to 𝐿 in good 𝑖 production,
𝑖 ∈ {𝐶𝑂𝑁, 𝐼𝑁𝐷, 𝐴𝐺𝑅, 𝐴𝑇𝑅, 𝑊𝑇𝑅, 𝑅𝑂𝐴, 𝑅𝐴𝐼, 𝐻𝑂𝑈, 𝑆𝐸𝑅}.

0

9

𝜌𝑃

Average per capita pensions benefitting to the retired population.

1

0

𝜌𝑇

Average per capita transfers benefitting to households outside
unemployment benefits and pensions

1

0

𝜌𝑈

Average per capita unemployment benefits accruing to the unemployed.

1

0

𝜎𝐶𝑅𝑖

Income-elasticity of households’ consumption of good 𝑖 ∈
{𝑇𝐸𝑋, 𝐼𝑁𝐷, 𝐴𝐺𝑅, 𝐴𝑇𝑅, 𝑅𝐴𝐼, 𝑅𝑂𝐴, 𝐻𝑂𝑈 }.

0

7

𝜎𝐾𝐿𝑖

Elasticity of substitution of 𝐾 to 𝐿 in good 𝑖 production,
𝑖 ∈ {𝐶𝑂𝑁, 𝐼𝑁𝐷, 𝐴𝐺𝑅, 𝐴𝑇𝑅, 𝑊𝑇𝑅, 𝑅𝑂𝐴, 𝑅𝐴𝐼, 𝐻𝑂𝑈, 𝑆𝐸𝑅}.

0

9

𝜎𝑀𝑝𝑖

Elasticity to the ratio of output to import prices of the contribution of
imports to total good 𝑖 supply.

0

14

𝜎𝑋𝑝𝑖

Elasticity to the ratio of import to export prices of the share of exports
into total good 𝑖 uses.

0

14

𝜎𝑤𝑢

Elasticity of the purchasing power of wages to the unemployment level.

0

1

𝜏𝐶𝑀𝑖

Trade margin on the sales of good 𝑖.

1

21

𝜏𝐶𝑇

Corporate tax rate on firms’ net operating surplus.

0

1

𝜏𝐼𝑀

Average annual monetary inflation rate between the calibration year and
the projection horizon.

0

1

𝜏𝐼𝑇

Income tax rate on households’ gross disposable income.

0

1

𝜏𝐿𝑇𝑖

Social contribution (labour tax) rate applicable to wages in sector 𝑖

0

22

𝜏𝑆

Households’ rate of savings of their gross disposable income.

1

0

𝜏𝑆𝑀𝐶𝑖

Specific margin on households’ consumption of good 𝑖.

0

22

𝜏𝑆𝑀𝐺𝑖

Specific margin on public consumption of good 𝑖.

0

22

𝜏𝑆𝑀𝑋𝑖

Specific margin on good 𝑖 exports.

0

22

𝜏𝑆𝑀𝑖𝑗

Specific margin on good 𝑖 consumption in good 𝑗 production.

0

484

𝜏 𝑇𝑀𝑖

Transport margin on the sales of good 𝑖

4

18

𝜏𝑉𝐴𝑇𝑖

VAT rate applying to the final consumption of good 𝑖.

0

22

𝜏𝑌𝑖

Output tax rate on the production of good 𝑖.

0

22

𝜔𝐾𝑗

Share of capital income accruing to agent 𝑗 ∈ {𝐻, 𝐹, 𝐺} (households,
firms, public administrations).

0

3

𝜔𝑂𝑇𝑗

Share of not-elsewhere accounted transfers accruing to agent 𝑗 ∈
{𝐻, 𝐹, 𝐺} (households, firms, public administrations).

0

3

𝜙𝐿

Scaling factor of labour productivity between calibration year and
projection horizon.

0

1

𝐶𝑃𝐼

Consumer price index.

1

0

𝐺𝐷𝑃

Gross domestic product.

1

0

𝐺𝑂𝑆

Gross operating surplus

1

0

𝐿

Total active population (labour supply) in full-time equivalents

0

1

𝑂𝑃𝐼

Output price index.

1

0

𝑆𝑀

Sum across goods and uses of agent-specific margins

1

0

𝑇

Total taxes and social contributions.

1

0

𝑢

Unemployment rate

1

0

𝑤

Average net wage across all sectors

1

0

𝑦

Number of years from the calibration year to the projection horizon.

0

1

