
CARBON TAX SECTORAL (CATS) MODEL: 
A SECTORAL MODEL FOR ENERGY 
TRANSITION STRESS TEST SCENARIOS

2022

Pablo Aguilar, Beatriz González and Samuel Hurtado

Documentos Ocasionales 
N.º 2218



CARBON TAX SECTORAL (CATS) MODEL: A SECTORAL MODEL 

FOR ENERGY TRANSITION STRESS TEST SCENARIOS



CARBON TAX SECTORAL (CATS) MODEL: A SECTORAL 
MODEL FOR ENERGY TRANSITION STRESS TEST SCENARIOS (*)

Pablo Aguilar 

BANCO DE ESPAÑA

Beatriz González  

BANCO DE ESPAÑA

Samuel Hurtado 

BANCO DE ESPAÑA

Documentos Ocasionales. N.º 2218

September 2022

(*) The authors belong to the Directorate General Economics, Statistics and Research of the Banco de España, and 
are grateful for the comments received from all reviewers. This article is the sole responsibility of the authors 
and does not necessarily reflect the opinion of the Banco de España or of the Eurosystem. Email for comments: 
samuel.hurtado.bde.es.



The Occasional Paper Series seeks to disseminate work conducted at the Banco de España, in the 
performance of its functions, that may be of general interest.

The opinions and analyses in the Occasional Paper Series are the responsibility of the authors and, therefore, 
do not necessarily coincide with those of the Banco de España or the Eurosystem. 

The Banco de España disseminates its main reports and most of its publications via the Internet on its 
website at: http://www.bde.es. 

Reproduction for educational and non-commercial purposes is permitted provided that the source is 
acknowledged. 

© BANCO DE ESPAÑA, Madrid, 2022 

ISSN: 1696-2230 (on-line edition)



Abstract

This paper presents a general equilibrium sectoral model designed to produce 

macroeconomic scenarios that incorporate transition risks associated with policies to 

curb climate change (but not physical risks associated with the long-term costs of climate 

change). The model is calibrated to the Spanish economy, and can simulate the impact of 

shocks to the price and coverage of greenhouse gas emission allowances, with particular 

attention to sectoral asymmetries arising from (i) the energy intensity of each industry, (ii) the 

source of that energy, and (iii) the interdependencies with other industries. We show that 

for an increase in the price of emission allowances similar to that observed in recent years 

(from approximately €25 per tonne of CO2 in 2019 to almost €100 per tonne in 2022) the 

model predicts a cumulative decline in Spanish GDP after three years of 0.37%. The loss in 

value added is very heterogeneous across industries, ranging from 4% in the most severely 

affected industries to virtually no impact in the least affected industries. In terms of the 

use of the model for stress testing, this heterogeneity points to potential risks for financial 

stability and the importance of the right diversification for banks to diminish their exposure 

to transition risks.

Keywords: climate change, stress test, input-output matrix.

JEL classification: Q48, H30.



Resumen

Este artículo presenta un modelo de equilibrio general diseñado para producir escenarios 

macroeconómicos que incorporen los riesgos de transición asociados a las políticas 

adoptadas para evitar el proceso de cambio climático (no los riesgos físicos asociados 

al coste del cambio climático a largo plazo). El modelo está calibrado para la economía 

española, y puede simular el impacto de shocks en el precio y la cobertura de derechos de 

emisión de gases efecto invernadero, con particular atención a las asimetrías sectoriales 

provenientes de i) la intensidad de uso de la energía; ii) la fuente de dicha energía, y iii) las 

interdependencias entre industrias. Mostramos que, tras un incremento en el precio de los 

derechos de emisión similar al observado en los últimos años (de aproximadamente 25 € 

por tonelada de CO2 en 2019 a casi 100 € por tonelada en 2022), el modelo predice una 

caída acumulada del PIB después de tres años del 0,37 %. La pérdida de valor añadido es 

muy heterogénea entre distintas industrias, con valores que van de pérdidas del 4 % en las 

industrias más afectadas a un impacto prácticamente nulo en los sectores menos afectados. 

En relación con el uso del modelo para pruebas de estrés, esta heterogeneidad apunta a la 

existencia de riesgos potenciales para la estabilidad financiera, y a la importancia de una 

correcta diversificación bancaria para disminuir su exposición a los riesgos de transición.

Palabras clave: cambio climático, pruebas de estrés, matrices insumo producto.

Códigos JEL: Q48, H30.
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Figure 6
Share of emissions that are covered by the ETS system, by sector
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Figure 6
Share of emissions that are covered by the ETS system, by sector
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Fuels sector Electricity sector distance
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Elasticity:
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0.15 -26.8            -7.6            9.57            
0.20 -25.3            -7.1            9.32            
0.25 -23.9            -6.7            9.21            
0.30 -28.2            -8.1            9.89            
0.35 -21.1            -5.7            9.33            
0.40 -19.5            -5.3            9.60            
0.45 -18.0            -4.8            9.98            
0.50 -16.4            -4.3            10.48            
0.55 -14.8            -3.8            11.09            
0.60 -13.3            -3.3            11.77            
0.65 -11.6            -2.8            12.59            
0.70 -10.0            -2.3            13.44            

Simulation exercise used for calibrating the elasticity-of-substitution parameters involving energy
Table 2

Response of nominal production of the two energy sectors as a response to a 46.3% fall in 
the international price of oil in euros
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Real GDP -0.31

Real consumption -0.47

Employment -0.44

Use of fuels -2.4

Use of electricity -2.5
Emissions -2.6

Simulation of a 10% increase in the price of oil and natural gas
Table 3
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Figure 5
Simulation of an increase in the price of CO2 emissions, from 25 to 100 euros per tonne
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Simulation of an expansion of the coverage of the ETS system, to fully cover all emissions from all firms, of all 
sectors
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Figure 8
Simulation of an expansion of the coverage of the ETS system, to fully cover all emissions from all firms, of all 
sectors
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Simulation of an expansion of the coverage of the ETS system, to fully cover all emissions from all firms, of all 
sectors
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Figure 9
Simulation of an increase in the price of CO2 emissions, to 100 €/ton, plus an expansion of the coverage, to all 
firms in all sectors
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Figure 10
Simulation of an increase in the price of CO2 emissions, to 100 €/ton, plus an expansion of the coverage, to all 
firms in all sectors
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Figure 10
Simulation of an increase in the price of CO2 emissions, to 100 €/ton, plus an expansion of the coverage, to all 
firms in all sectors
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Figure 10
Simulation of an increase in the price of CO2 emissions, to 100 €/ton, plus an expansion of the coverage, to all 
firms in all sectors
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Figure 11
Simulation of an increase in the price of CO2 emissions, to 100 €/ton, plus an expansion of the coverage, to all 
firms in all sectors, with compensation through lower labor taxes
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Figure 12
Simulation of an increase in the price of CO2 emissions, to 100 €/ton, plus an expansion of the coverage, to all 
firms in all sectors, with compensation through lower labor taxes
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Figure 12
Simulation of an increase in the price of CO2 emissions, to 100 €/ton, plus an expansion of the coverage, to all 
firms in all sectors, with compensation through lower labor taxes
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