Long-term growth impact of climate change and policies:
the Advanced Climate Change Long-term (ACCL)
scenario building model

C. Alestra (AMSE), G. Cette (Banque de France),
V. Chouard (Bangue de France), R. Lecat (Banque de France)

Working Paper - Banque de France — N° 759, April 2020
https://publications.banque-france.fr/sites/default/files/medias/documents/wp759.pdf

The views expressed in this document do not necessarily reflect the ones of the Banque de France or
Eurosystem.


https://publications.banque-france.fr/sites/default/files/medias/documents/wp759.pdf

Overview of the ACCL model

> Global level projection tool, 30 countries / regions, with results at the global and
country / regional level

» Focusing on climate change damage and the impact of policies impacting energy
prices (e.g. carbon taxes) on GDP and its supply-side components

> Simulation horizon: 2060 and 2100

» 5 different types of energy inputs according to their CO, emitting properties (coal,
oil, natural gas, dirty electricity, clean electricity)

» Supply-side approach (potential growth)

» Full calibration possible at each stage, with estimated or literature-based default
parameters

» User-friendly, free-access projection tool
http://www.longtermproductivity.com/



http://www.longtermproductivity.com/

Economic literature on the assessment of climate
change impacts

» Integrated Assessment models (IAM)
* DICE (Nordhaus, 1991 ; 2018)
= Simple, normative and transparent
» Pyndick's criticism (2017)

» Computable General Equilibrium (CGE)
» ENV-linkages (OECD, 2014)
» Large, many dimensions, positive approach
= Criticized for lack of transparency

» Advanced Climate Change Long-term model (ACCL)
» Endogenous TFP and GDP effects of climate change and policies
» User can change all the parameters
= Totally transparent
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1. Projections: overall scheme
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. (X) Estimated relationship
(X) Calibrated or accounting relationship

X; ¢ Scenario assumption
X; . . Results from estimated, calibrated or accounting relationships

,¢e,c - Relative Energy price for energy 4 year sand country ¢ Q... Gross Domestic Product in volume and PPP 2010
Pk, .. Relative investment price

EDU, .. Average years of education

ND: No Damage GDP
C..’: Energy Final Consumption

H. .: Average hours worked per employee Cc02}¥: World CO, emission
ER, .: Employment rate

EPL X PMR, .: Regulation index
ACUR, .: Change in Capacity utilization rates

Temp!”: Increase in world temperature from pre-industrial era
DEC: Damage to GDP from global warming in country c



1. Projections: overall scheme

Table 1: Series used in the scenario tool

Results from estimated, calibrated or

Scenario hypotheses accounting relationships

P/ Relative energy prices

. : Q: .. GDP in volume and PPP 2010
Pk..: Relative investment price ’

NRJ. : :
EDU, .: Average years of education C¢c - Energy Final Consumption
H, .: Average hours worked per C02; : World CO, emissions
employee _
Temp; : Increase in world temperatures
ER;.: Employment rate from pre-industrial era
(EPL X PMR), .: Regulation index

DEC: Damage to GDP from global

ACUR;: Change in Capacity warming in country c
utilization rates

User can change all the parameters




2. Main relations

» Production function and capital stock
= Cobb-Douglas production function
Qo = TFPee Koy (Nog-Her) ™
» Endogenized Capital Stock
Akce1 = Apqce + Aqce — Apk,
Hypothesis of the stability of the ratio of capital to GDP in value
= With:
Qc¢:  Gross Domestic Product
TFP..: Total Factor Productivity
K..: Capital stock
N.::  Number of employees
H..:  Average hours worked per employee
Pq:. GDP price
Pk: Investment price

X: = Log(X)
C: Country index



2. Main relations

» Total factor productivity (TFP)
* (1) Long-run Regression of the Log of TFP

tfvee = aq. lpnrj —pqlci—1 + az. [Pk —pqlci—1 + 0.05.EDU, ¢4
t+as. ER ;1 + FE. + a;. I + Cte + &,

With @, = —0.023;a, = —0.37 ;a3 = —0.40

» (3) Regression of the Country Fixed Effects on Average Regulations
FE. = B.(EPL x PMR), +Cte + &,
With 8 = —0.108

= With:

TFP,;: Total Factor Productivity  ER, : Employment rate
Pnrj,: Energy relative price FE,: Country Fixed Effects
Pq..: GDP price Irs: Time breaks

Pk,: Investment relative price  (EPL x PMR),.. Regulation index
EDU,: Average years of x = Log(X)

education



2. Main relations

» Energy consumption and prices

= (4) Global energy price

nrj. . .
o P Relative price of energy
m”] nrj , “itc o . _
= Xi PL te X Tnrg cnri With: Cle i Consumption of energy
tc
Qct: Gross Domestic Product

» (5) Regression of the Log Energy Final Consumption on GDP and energy
price

tfcnr] =N1.9ct—1 T N2.PNTjoe—1 + Cte + &, With: tch:j: Log energy final consumption
With: n; = 0.96;n, = —0.67

» (6) Decomposition of energy final consumption by energy types based on
substitution elasticity by energy types and energy prices hypotheses:

= Coal, oll, natural gas, CO, emitting electricity and non-CO,, emitting
electricity

— Baseline substitution elasticities from Stern (2009) and Papageorgiou et al.
(2017)



2. Main relations

» CO,, temperature and damage

= (7) Emissions at the global level

€O = e Cire X Vi

l,tc
With y; coefficient of CO, emission per energy i (Default emission factors from the
Covenant of Mayors for Climate and Energy report, 2017)

» (7’) From emission to CO, stock through permanent inventory method

StockCO,; = (1 — py).StockCO4_1+ (1 —py).CO,: — p3
: 1
With: p1 =0;p, =0; p3 = 3 CO5%016

With:

co,V: Global CO, emission

Cl"t’”é : Total final consumption of energy

Vi Coefficient of CO, emission per energy |
StockCO ,;: Global stock of CO,

10



2. Main relations

» CO,, temperature and damages
= (8) From CO, stock to temperature increase compared to pre-industrial era
Temp, = A1.5tockCO,, With: StockCO,;: Global stock of CO,

With 4, = 0.0008 derived from the Representative Concentration Pathway (RCP)
of the Intergovernmental Panel on Climate Change (IPCC, 2014)

* (9) Global GDP losses from temperature increase
D? = 0,.Temp, + 6,. Temp?
With 6, = 0.38; 6, = —0.48 derived from Nordhaus' review (2017)

With: Temp,: Increase in global temperature from pre-industrial area

DtQ: Damage to GDP from global warming

» (9°) Local GDP losses decomposition based on OECD (2015), taking into
account changes in crop yields, loss of land and capital due to sea level rise,
changes in fisheries catches, capital damage from hurricanes, labour productivity
changes and changes in healthcare expenditures from diseases and heat stress,
changes in tourism flows, and changes in energy demand for cooling and heating
Hypothesis of no tipping points

11



3. Scenarios for the future

» 4 scenarios
Hypothesis of no tipping points

» Business As Usual (BAU)
* Energy prices relative to GDP price are stable

» Decrease of Renewable (clean) Energy relative Price scenario (DREP)

 Clean electricity price relative to GDP price decreases by 2% per year
X 0.4 over 2017-2060 and x 0.2 over 2017-2100
» CO, emitting energy prices relative to GDP price are stable

» | ow Carbon Taxation scenario (LCT)
« CO, emitting energy prices relative to GDP price increase by 1% per year
X 1.5 over 2017-2060 and x 2.3 over 2017-2100
* Non CO, emitting energy prices relative to GDP price are stable

» High Carbon Taxation scenario (HCT)
« CO, emitting energy prices relative to GDP price increase by 3% per year
X 3.6 over 2017-2060 and x 11.6 over 2017-2100

* Non CO, emitting energy prices relative to GDP price are stable
12



3. Scenarios for the future

» Impacts on GDP level (in %)

= BAU
« Climate damage

» LCT, HCT and DREP
* Net impact =
BAU climate damage
- Avoided climate damage
+ GDP losses from climate policies

13



3. Scenarios for the future

» Global CO, emissions per year (in gigatonnes of CO,)
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3. Scenarios for the future

» Global change in temperature (in °C)
With respect to pre-industrial era
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3. Scenarios for the future
» Impacts on Global GDP level (in % of GDP)
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3. Scenarios for the future

» Business As Usual scenario (BAU)
Country / region warming damage on GDP (in % of GDP)
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3. Scenarios for the future

» High Carbon Tax scenario (HCT)
Consequences on GDP (in % of GDP) compared to BAU scenario

For each country, first bar:2060, second bar: 2100

25 25
20 - 20
15 l - 15
10 1 - 10
5 5
0 0
-5 5
-10 - -10
A 4
-15 -15
LOUNEdJgZqgWZIOyYozZzgroczoecWUXxXxnndeEnWgWw
<E<EDD'-UédﬁgIILIJZU)EéCDZECLOiEUJ—IND:Dgf}:)gg
<<mmoﬂoooom Lo~ D SZZ0ox{pD g
O

m GDP avoided climate damage ®GDP losses from climate policies Net impact on GDP

18



4. Take aways

Major damage in case of BAU scenario
With wide dispersion in damage across countries / regions

Climate policies both generate GDP losses and avoid damage

Two tragedies appear

* The « Tragedy of the horizon » — At the global level
In the medium term: GDP losses from climate policies > Avoided damage
In the very long term: favorable net impact of climate policies
=> Need to discount appropriately long-term horizon damages

» The Tragedy of Free-Riding — for each country / region
Losses from its own climate policy > Avoided damage from this own policy
=> Need for international coordination

Unequal exposure to warming damage

» For some countries (Can. Rus.), even a possible supply-side gain (extension
of arable land)

= For numerous developed countries, negative impact of climate policies
Would not be the case in a longer horizon (2200)
» For some other countries / regions (Afr., Asia, LA), huge damage
=> Need for international solidarity
19
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Al. Screenshots of the projection tool

Projection Tool for Energy Transition Pathways

Select the policy scenario:

Low carbon taxation

No climate policy

High carbon taxation

Select countries of interest:

iR Australia, _— Austria, 11 Belgium, Brazil, 4 | Canada, [ ] C~

Select regions of interest:

Africa, Rest of Asia, Rest of Central and Eastern Europe and Central ~

Download Results:

X Download

Information Economic Hypotheses Energy & Environmental Hypotheses Plot Table

Hypotheses on economic variables

Australia

Relative price of investment - average annual growth rate (%):
The default value is -1.2%.

2017-2060: Manual entry Past trend
-1.2 = 1980 to 2016
Manual entry Past trend
2061-2100:
19 = 1980 to 2016

Average annual hours worked per worker - 2060 & 2100 target values (hours):

The default value is the national 2016 average annual hours worked per worker.

2060 target value 2100 target value

1,300 1,300



Al. Screenshots of the projection tool

Parameters

These parameters are identical for all countries.

Elasticity of GDP to the capital stock:

a
0 1
osss———

Total factor productivity equation:

In(tfp; ) = By + Byln( P;Tf‘{ )+ Byln Pf}{ CF)+ ByEDU; ;| + BsER; 1 + 619gdt 1085+ f20192012+ 0

o

1.969871 - -0.4014866 -
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Al. Screenshots of the projection tool

Hypotheses on energy and environmental variables

Australia

Relative price of coal - average annual growth rate (%):

The default value is the country's average annual growth rate for the period 1980-2016.

2017-2060; Manual entry Past trend
1 = 1980 to 2016
Manual entry Past trend
2061-2100:
1 - 1080 to 2016

Relative price of natural gas - average annual growth rate (%):

The default value is the country's average annual growth rate for the period 1980-2016.

2017-2060: Manual entry Past trend
1 = 1980 to 2016
Manual entry Past trend
2061-2100:
1 = 1980 fo 2016

23



Al. Screenshots of the projection tool

Parameters

These parameters are identical for all couniries.

Interfuel substitution elasticities:
The default values are estimated from David Stern's meta-analysis (2009) and Papageorgiou (2017).

Coal to natural gas
Natural gas to electricity

>
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1.067 v

4

1

Coal to electricity
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Al. Screenshots of the projection tool

Stock of cumulative CO2 emission (1CO2):

The default value is equal to the 2016 World CO2 emissions.
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Al. Screenshots of the projection tool

Relationship between temperatures (degree Celsius relative to 1850-1900) and cumulative total CO2 emissions (GtCQO2):

Default values derived from the Representative Concentration Pathway (RCP) of the Intergovernmental Panel on Climate Change (IPCC, 2014).

Temp" =3 3 stockco2}V

Global climate change damages (% of GDP):

The default values are derived from Nordhaus' review (2017).
pGDP
t
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2 2 Z 05 0




Al. Screenshots of the projection tool

Projection Tool for Energy Transition Pathways

Information Economic Hypotheses Energy & Environmental Hypotheses Plot Table
Select the policy scenario:

No climate policy Low carbon taxation High carbon taxation

Plot of results

Select countries of interest: 04
ﬂ Australia, = Austria, l l Belgium, Brazil, Iol Canada, - CF ~ 035
0.3

0.25

Select regions of interest: 0.2
Africa, Rest of Asia, Rest of Central and Eastern Europe and Central £ ~ 0.15
0.1

0.05

Download Results:

£~ o v/
& Download 4 As 40‘9 4(_,') SQ &QA C'4f|.r‘ C‘gé.c\;‘,yg C‘% O$U D’ll,rr é‘gp W Ry 6\8/9 !}LD O;I B, "\’Qm 4 Mg "@* %O /I?C %). QUS S;,P$ (4;4 Hf$
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A2. Estimation results

Table 1: Long-run Regression of the Log Total Factor Productivity

(1) (2) (3) (4) (5) (6) (7)
With ER Without With
1080 Different  Without and hrs Without  country  education not
2017 breaks break constrained ER FE constrained
Log Relative Price -0.023* -0.027* 0.083*** -0.025* -0.009 -0.263*** -(.08F***
of Energy (t-1) (0.011) (0.012) (0.011) (0.012) (0.011) (0.025) (0.010)
Log Relative Price  -0.370"*  -0.304** -0.070%** -0.519%*= -0.302%* (), TG2%** -(1.222%*=
of Investment (t-1) (0.041) {0.041) (0.029) (0.043) (0.042) (0.073) (0.034)
Education (t-1) 0.050 0.050 0.050 0.050 0.050 0.050 -0.057*+*
{constrained) {.) (.) (.) (.) (.) () (0.006)
Emplovment Rate  -0.401***  -(.303*=* -0.008 -0.500 -1.088%*= (). 4R80**=*
(t-1) (0.073) {0.074) (0.086) (.) (0.083) (0.060)
Log Average Hours -0.500
Worked (t-1) (.)
Break in 1985 0.007*=* 0.006*=*  0.017*** 0.014***
(0.000) (0.000) (0.001) (0.001)
Break in 1987 0.007*** 0.005*=*
{0.000) (0.000)
Break in 2011 -0.009==*
(0.002)
Break in 2012 -0.011%** -0.009%* -0.009%* -0.014 -0.015%**
(0.003) (0.003) (0.003) (0.007) (0.002)
Country FE Yes Yes Yes Yes Yes No Yes
Observations 672 672 G672 672 672 672 672
R? 0.9622
Adjusted R? 0.9608

Standard errors in parentheses

All regressions are weighted by countries’ Gross Domestic Product

Constant included but not reported

ER: Emplovment Rate

hrs: average hours worked
Country FE: Country Fixed Effects (with respect to the United States)

* p< 0.05 ** p< 001, *** p< 0.001
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A2. Estimation results

Table 2: Regression of the Country Fixed Effects on Average Regulations

(1) (2) (3) (4)
Country Country Country Country
FE on EPL FE on EPL FE on EPL FE on EPL
and PMR and PMR and ETCR and ETCR

EPL_ID x PMR_BTI -0.108*
(0.042)
EPLIDTC x PMR_BTI -0.130*
(0.055)
EPL_ID x ETCR_ABPO -0.009
(0.007)
EPL_ID x ETCR_EB -0.010
(0.007)
Observations 18 18 18 18
R? 0.2002 0.2605 0.0800 0.1006
Adjusted R? 0.2450 0.2143 0.0320 0.0444

Standard errors in parentheses

Average regulations computed for the time period 1992-2013

Constant included but not reported

Country FE: Country Fixed Effects (With respect to the United States)

EPL: Emplovment Protection Legislation

ETCR: Energy, Transport and Communication Regulations

PMRE: Product Market Regulations

EPLAD: EPL {individual dismissals), EPLIDTC: EPL {individual dismissals temporary contracts)
ETCR_EE: ETCR (entry barriers), ETCR_ABPO: ETCR (all but public ownership)
PME_BTI: PMR (barriers to trade and investment )

" p <005 p 001, %" p < 0.001



A2. Estimation results

Table 3: Regression of the Log Energy Final Consumption

(1) (2) (3) (4)
With
With unitary GDP
With unitary GDP  elasticity, with
1980-2015 trend elasticity trend
Log Gross Domestic  0.965%** 0.979** 1.000 1.000
Product (t-1) (0.009) (0.009) (.) (.)
Log Relative Price -0.670""  -0.544"* -0.6817** -0.543"**
of Energy (t-1) (0.058) (0.057) (0.058) (0.057)
Trend -0.009*** -0.010%**
(0.001) (0.001)
Observations 636 636 636 636
R? 0.9481 0.9534
Adjusted R? 0.9480 0.9532

Standard errors in parentheses

Constant included but not reported
GDP: Gross Domestic Product

country FE: country Fixed Effects (with respect to the United States)

* p < 0.05, ** p< 001, ** p<0.001
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A3. Calibration parameters

Table 2: Default Values of the Scenario Hypotheses

Developed countries Emerging countries or regions
pr Depends on the scenario choice
Lt,c
Pk, -1.2%
EDU Convergence towards the Australian' 2016 level in 2060 (the country of
te our panel with the highest level of education)
. The national 2016 average annual No chanae
te hours worked per worker J
The national 2016 employment
ER, . POy No change
‘ rate
EPL The national 2016 Employment NG change
L¢ | Protection Legislation index value J
The national 2016 Product Market
PMR, . : : No change
’ Regulations index value




A3. Calibration parameters

Table 3: Interfuel substitution elasticities

CO,-emitting Non-CO,-emitting
Energy Types
9y P Natural Electricity — Electricity —
Coal Oil CO,-emitting non-CO,-
Gas ; e
inputs emitting inputs
Coal 1 15 1 1
Oil 1 2 1 1
COZ-
emitting
Natural Gas 1.5 2 1.5 1.5
Electricity —
CO,-emitting 1 1 1.5 2
inputs
Electricity —
NMEIIHSO non-CO,- 1 1 1.5 2
emitting o
emitting inputs




A3. Calibration parameters

Table 4: coefficient of CO, emissions per energy type

Default emission
Energy types factors
(tCO,-eq/MWh)
Coal 0.359
Oll
(heating oil, gasoline, diesel) 0.307
Natural Gas 0.240
Electricity — CO, emitting energy 0.321
Electricity — non-CO, emitting 0.017
energy '

Source : computations from the default emission factors of the
Covenant of Mayors for Climate and Energy report, 2017



A3. Calibration parameters

Table 5: Damages from selected climate change impacts, central projection
GDP % compared to baseline

Region Country or Sub-region Damages
Africa -3.6
Asia -2.5
China -2.5
India -4.3
Japan 0.0
South Korea -0.4
Central and Eastern -0.17
Europe and Central Asia |Russia 1.1
Latin America -1.6
Brazil -1.2
Mexico -2.0
Middle East -3.2
North America -0.4
Canada 0.9
United States -0.5
Oceania -0.9
Australia -0.9
New-Zealand -0.9
Western Europe -0.2 Source : computations from
France -0.1 OECD, 2015
Germany -0.1
Italy -0.1
Spain -0.4
United Kingdom 0.1
Other 023 34




