>

CIRED

modeles, scénarios, incertitudes

C. Guivarch
quivarch@centre-cired.fr

SEMINAIRE THEMATIQUE LIED DU MARDI APRES-MIDI
30 septembre 2014



| — La modelisation énergie-économie-environnemant [
I'échelle globale] — Ou en est-on?

1. A quelles questions cherche-t-on a repondre?

2. Quels réesultats a-t-on obtenu?

3. Les modeles derriere ces résultats

Il — La modélisation hybride
1. Quels enjeux?
2. Un ex.: le modele Imacli#®R monde

3. Une illustration: les incertitudes socio-économiques dans
I’évaluation macroeconomique des trajectoires
d’atténuation



* A quel changement climatique devra-t-on faire face
[Quelle est la sensibilité du systeme climatique dorcage radiatif additionnel?]

Quelles seront/seraient/pourraient étre les éamssie gaz a effet de serre...
e ... siaucun effort d’atténuation supplémentaire n’est fait?
» ... sitelles ou telles politiques/mesures d’atténuation sont misesca? pla

* Quelles seront/seraient/pourraient étre les impibnis de telle ou telle trajectoire
d’atténuation?

Impact sur la croissance/le développement dedelkelle région du monde? Sur la production de tel
ou tel secteur? Sur I'emploi? Sur la sortie dedavpete?...

Contribution aux réductions d’émissions de tetasecteur/région?

Evolution du mix énergétique? Contribution degell telle technologie? Niveau d’efficacité
énergétique? Demande d’énergie par régions/sefst@mrages? Compatibilité avec I'acces a I'énergie
« pour tous »? Etc.

Implications pour les émissions a court-terme® laeec la vitesse de réduction des émissions sur le
long-terme?

Influence de la disponibilité/du colt de telletelle technologie sur les éléments ci-dessus?dntia
d’autres éléments incertains: population, évolutiea modes de vie, etc.?

Quelles politiques pour atteindre tel ou tel obfjetatténuation (a moindre codlt/avec un certain
niveau de probabilité)? 3



e Groupe lll « Atténuation »,chapitre 6 « Assessing
Transformation Pathways » (disponible sur
http://mitigation2014.org/

 Une base de données de scénarios:
https://secure.illasa.ac.at/web-apps/ene/AR5DB

e 1184 scénarios (collectés par un appel ouvert a
scénarios)

* 31 modeles (AIM, ENMinkages, GCAM, Imaclim,
IMAGE, MERGE, MESSAGE, POLES, Remind,
TIMES, WITCH, IPETS...)
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e Les scénaric
de « baseline »
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e Les scénarios
de « baseline »
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Annual GHG Emissions [GtCO aq/yr]
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Consumption Loss [% Baseline Consumption]

12

10

¢) Consumption Losses 2020-2100

O

2020

1

>

Q

o

bl e

O -

20

O MO0

Q

O

0 0O
(=‘._..{_.)“"T s o ole]

()

OO COCRICA T

0

Ol

O OO
I

7 16 46 40 14

2030

2050

Y 16 46 32 14

2100

B 430-480 ppm CO,eq
B 480-530 ppm CO,eq

530-580 ppm CO.eq
B 580-650 ppm CO.eq
B 650-720 ppm CO,eq

10



— — —
co o (3] =
] |

lo)}

Global consumption (index 1=2014 level)

Baseline
uncertainty

)
7/,

< -
Oy

A

7

%Q

Q
N

A
) Q

Vv

11



—
=

—
o

co

Global consumption (index 1=2014 level)

—
M

------------------------------------------------------------------------------------------------------------------ i Mitigation costs
B /N S
_________________________________________________________________________________________________ A2
T e R *$ Mitigation costs
Q B D A5 5 D 5 © 5D B D E D B D
» XS Y AL LN DN
T A N I SRS RPN PSR PRSP NP P SN PAEN

12



Regional Mitigation Costs Relative to Global Average
Pl
(*a)

Regond Costs Highe than Global Average

— 0%
— T5%
— Median
— 15%
— 1%
Cutlier

= Mean
Global Costs

430-530 ppm CO.eq

-+
Ragional Mitigation Costs Relative to Global Average

EIT

£ of Scarairios

Pegio nal Costs Higher than G lobal Average
1

530-650 ppm CO eq

QECD-1990

ASIA LAM MAF BT

]

92 &7 a &7

13



SOUELURDS al|aE g
ke’ 0 wad o7 £-085
be* 0 wad pgs-0Es
ba’ gD wdd pEs-08F
" 00 widd ogt-0ey
ba® oo wdd gepe-

SOUIBUEYS Bl aseq

ba‘ oD wdd oz¢-085
ba' gy wdld ggs-0£S
ba* o0 wdd pes-0s

be' oD wdd pgi-oey
ke’ oy wd Qe

SOLELEIS BUI[AE g
ba' gy wdld 7 £-085
ba’ 0o wdd pgs-0gs
bef o0 wad pES-08Y

be"00 wdd pgr-0Er
ba o0 widd pEp>

SOUEUEDS aU|a%E ]
bef 00 wad oz £-085
08 00 wald 0@5-DES
be" gD wdd pEs-08K
ba" oy wdd ogy-0er
Wt wdd gEp

SO| RS Bl #eEg

I_ ba"gD wdd oz¢-085

B | befoo wdd pgs-ogs
_. be’ 0o wdd peS-08t
1

OECD-1990

ba' 00 wdd g0y
_
7 l 8t o wakd gEp
=]

28883578 I8 8

g

G
20M%
- Min

[%:] sueissjw3 OLOZ 03 2AIEI2Y 0SOZ U S0 UBMO||Y Uo|ssjw3

| 7 (32|6 |a0|26{21]| [&[35|6 [40|26]|n ]
, maximun). Includes all effort-sharing regimes exgept

[11]36 |6 |43 |26 |21

“equal marginal abatement costs”.

(11356 43|26 |21 |

Emission allowances for various concentration levslin 2050 relative to 2010 emissions

(minimum, 20th percentile, 80th percentile

#ofScenarlos[ 11 |36 | 6 (43| 26| 1 |



Direct Sectoral CO, and Non-CO, GHG Emissions in Baseline and Mitigation Scenarios with and without CC5
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mitigation scenarios reaching 430-530 ppm,&fconcentrations by 2100
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Impact of fragmented

cooperation on the relative
mitigation costs of 3
representative regions (OECD,
BRICS and Rest Of the World)
from the EMF 22 Study. In this
study, OECD joins immediately,
BRIC (Brasil, Russia, India and
China) in 2030, and Rest of the
World in 2050.

Mitigation costs are calculated
relative to baseline over 2015-2100
both in NPV at 5% discount rate
(left bars) and as maximum losses
over the century (right bars).
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La non-pertinence d’'une approche qui chercherait a “prolonger
les tendances” pour traiter du tres long-terme et étudier des
modifications non-marginales (bifurcations)

Des systemes complexes avec de multiples intéractions
difficile de calculer leurs eévolutions avec “des regles de 3”

Assurer la cohérence entre les évolutions des éléments du
systeme

Proceder a des “expériences”.
— EXx: tests systématiques pour explorer I'incergtud 24
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Bottom Up

(modeles sectoriels,
détails des technologies)

Top Down

(modeles globaux, effets
de systeme)

Scénarios
Exploratoires
(simulation)

Simulation du systeme
énergetique
(e.g. POLES, TIMER)

Equilibre genéral
multisectoriel

(e.g. Green, SGM,
EPPA, Gem-E3)

Scénarios

Normatifs
(optimisation)

Optimisation du systeme

énergetique
(e.g. MARKAL,
MESSAGE)

Croissance optimale

(e.g. DICE, RICE,
MIND, DEMETER)

26



* Approches exploratoires par scénarios « et si...
Explorer I'éventail destats futurs possibleslu systeme économie-
énergie-environnement : projectionsi@narios alternatifs sur la
base de la formulation de visions qualitativesuturf et de leurs
traductions quantitatives dans des modeles nunmesiqu

Quelle pourrait étre I'’évolution du systeme?

« Approches normatives pour proposer des visions alternatives

souhaitables

Recherche de stratégies optimales (« contréle optiragec une
fonction objectif, ex. minimiser le codt total aghsé du systéeme

éenergétique, ou maximiser ['utilité intertemporglle

Quelle devrait étre I'évolution du systeme? 21



« Modeles reduits » VS. « petites filles modeles »

M. Pareto croit que le but de la science est de se
rapprocher de plus en plus de la réalité par des
approximations successives. Et moi, je crois qumrite
final de la science est de rapprocher la realitérd’
certain idéal; et c’est pourquoi je formule cetadleé
Léon Walras



Principe :
— Représentation fine du panier de technologies de production et transfarmat
de I'énergie

Variantes:
— Optimisation intertemporelle (plannification)

— Simulations a partir de routines de comportement de certaiggmuoas
d’acteurs ou de grandes variables économiques ou energétiques

Atouts :
— Représentation détaillée des techniques existantes
— Prise en compte des spécificités sectorielles (elaélrici

Limites :
— Demande exogene ou simpliste (élasticité, module macro agregé)
— Pas d'analyse des rétroactions macro-économiques

29
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Principe:
— Représentation de I'ensemble des marchés et leurs interdépendarses
gue I'ensemble des equations de budget des agents représentatifs
Variantes :
— Modele d'optimisation intertemporel
— Modeles recursifs de simulation

Atouts :
— Effets d'equilibre général
— Contraintes de financement
— Structures fiscales
— Commerce international, balance des paiements
Limites :
— Fonctions de production et de consommation standard et agrégées.
— Hypotheses simplificatrices (optimalite, anticipations ratilagse.)

— Calibrage sur une seule anirig®,99% des modeles)
33



Transferts

™

A 4

Ménages

Maximisation d’utilité.

Prix Demandes
finales
Salaires

A 4

Impbts taxes

Exportations

Secteurs productifs
Optimisation de la production

Charges socialgs
Taxes

Etat

Politiques de redistribution.

Importations

Marchés mondiaux
Equilibres des marchés
— biens et capitaux —
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* Un clivage persistant entre BU et TD
— BU : une liste de plusieurs centaines de techmedog

— TD : des fonctions de production agrégées CESgfaonElasticity of
Substitution), KLE (Capital, Travail, Energie)

Q=Fa X @ @) k) =221

S

35



This wrinkle is acceptable only at an aggregatel€for specific
purposes) and implies to be cautious about thepnétation of the
macroeocnomic production functions as refering gpacific technical
content [...] total-factor-productivity calculations require nohly that
market prices can serve as a rough-and-ready appration of marginal
products, but that aggregation does not hopeladisiprt these
relationships [...] over-interpretation is the end& econometric vice.
(Solow, 1988)

Having assessed one thousand econometric wortsearapital-energy
substitution, Frondel and Schmidt conclude thafirences obtained from
previous empirical analyses appear to be largelyaaefact of cost shares
and have little to do with statistical inferenceoalb technology
relationshig (Frondel and Schmidt, 2002, p.72).



1. Quel est le lien entre nos modeles et le monel@ re
2. Des scénarios « toujours faux »?



« La difficile question de la confrontation avec les
données/I'expérience...

— Reproduire les données passeées est-il un gagealeiie » de ce type
de modele?

— Un modele d’optimisation a-t-il pour objectif densiler les
mecanismes a I'ceuvre dans I'évolution réelle duesys?

— Systeme complexe, ouvert, (pas nécessairemehk stans I'espace et
le temps?

Oreskes, N. 1998. « Evaluation (not validation) of quantitative models. »

Environmental Health Perspectiv&66.

. 2000.Why believe a computer? Models, measures, and meaning in the

natural world WH Freeman and Co., San Francisco.

. 2003. « The Role of Quantitative Models in Science Naomi Oreskes ».

Models in ecosystem sciends.

Oreskes, N., et K. Belitz. 2001. « Philosophical issues in model assessiviewuteb.

validation: Perspectives in hydrological scierz® 38
Oreskes, N., K. Shrader-Frechette, et K. Belitz. 1994. « Verification, tialigand

confirmation of numerical models in the earth scienc&cience263 641-46.




4 conditions for model validation

» Situations being modelled can be
observed and measured

o Situations being modelled must
exhibit a constancy of structure in
time

» Situations being modelled must
exhibit constancy across
variations in conditions not
specified in the model

 Ample data for making predictive
tests of the model can be collected

Hodges and Dewar (1992). Is it you or your model tajRiA framework for model validation. RAND corporatio



4 conditions for model validation Energy-economy models

Situations being modelled can be ¢ Yes, with difficulty of long
observed and measured timescales

Situations being modelled must « ?
exhibit a constancy of structure in

time

Situations being modelled must o ?
exhibit constancy across

variations in conditions not

specified in the model

Ample data for making predictive ¢ Yes, with limitations on data
tests of the model can be collected availability and quality

DeCarolis et al. (2012Energy Economic84:1845--1853.



Si les modeles ne peuvent pas étre formellemeittésl. leurs performances
peuvent étre évaluées

« Evaluation au sein du monde modélisé
— Documentation et transparence des modeles (e.g. DeCarolj2€11al)
— Comparaisons inter-modeles (e.g. Kriegler et al., 2014;...)
— « Diagnostics » des modeles (e.g. Schwanitz, 2013)

» Evaluation face aux observations historiques

— Hindcasting (simulation rétrospective) (e.g. Guivarch et al., ZDQ@nevyte,
2014)

— « Faits stylisés » (e.g. Wilson et al., 2012)

 Tests de « plausibilité » des résultats

41



« La difficile question de la confrontation avec les
données/I'expérience...

— Reproduire les données passées est-il un gagealeliké » de ce type
de modele?

— Un modele d’optimisation a-t-il pour objectif densiler les
mecanismes a I'ceuvre dans I'évolution réelle duesys?

— Systeme complexe, ouvert, (pas nécessairemehl® stans I'espace et
le temps?

* Positivisme vs. performativité

42



1. Quel est le lien entre nos modeles et le monel@ re
2. Des scénarios « toujours faux »?
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Projection de la consommation d’énergie pour 204i¢e en 1972

Craig et al. (2002)
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EIA World Oil Production Estimates
Compared to Actual Production, 2000—
2011.

47



1. Quel est le lien entre nos modeles et le monel@ re
2. Des scénarios « toujours faux »?

e Pas de prédiction/prévision

e [aire émerger des « questions », « alertes »?

e Mettre en évidence des mécanismes, des faitsésyldes corrélations?
* Ordres de grandeur?

On n’a pas besoin de prévisions pour prendre dasides...
e Quels résultats sont robustes?
* Quelles incertitudes comptent?

* Quelles stratégies sont robustes aux incertitudes suessources fossiles,
les technologies futures, la démographie future...?



Probabilités

Connues Inconnues

Connus Risque Incertitude

Etats du monde _ _
Inconnus - Incertitude radicale

Classification due a Franck Knight (Risk, Uncertainty and Profit, 1921) et J.M. Keynes (Treatise on Probability , 1921)



Démographie?

Technologies futures?

Croissance economique
future?

Modes de vie futurs?

Institutions et
gouvernance?

Politigues futures?

Infrastructures?

Choix de localisation des
activités et habitations?

Codts et potentiels
d’efficacité energétique?

etc...?



| — La modélisation énergie-économie-environnemant |
I'échelle globale] — Ou en est-on?

1. A quelles questions cherche-t-on a répondre?

2. Quels résultats a-t-on obtenu?

3. Les modeles derriere ces résultats

Il — La modélisation hybride
1. Quels enjeux?
2. Un ex.: le modele Imacli#®R monde

3. Une illustration: les incertitudes socio-économiques dans
I’évaluation macroeconomique des trajectoires
d’atténuation
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Hybrid models: what is at stake?

Consistent long-run scenarios...
Plausible and tangible technological change pathways

Binding physical constraints (asymptotes, resources, availability of
land...)

Binding economic constraints (investment levels and allocation, terms
of trade, final demand patterns, budget constraint)

..to guarantee that the economies depicted are based
on realistic technical worlds and vice-versa.

..to capture the interactions between energy systems
evolutions and economic dynamics, for instance:

Induced technical change
Rebound effects between energy efficiency and activity level

Crowding out effects between households energy bill and other
consumptions
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Imaclim-R: a hybrid recursive model to study the

economy-energy-climate dynamics

$5
$5




General features of the Imaclim-R model

A comprehensive price & physical quantities account :

energy (Mtoe), transportation (Passenger-kilometre travelled)

Hybrid matrices, physical production capacities, physical i/o

coefficients

Secure the dialogue with sector - based expertise (sources of

technical inertia, technical asymptotes in efficiency gains...)

Assure consistency between economic projections and technical

projections



A yearly static equilibrium to capture general

equilibrium effects

Transfers

Households

Utility function

prices Final taxes

wages demand

income +

Investment
Y
. Exports .
Production sectors »| World goods, services
Under technology and capacity and capital markets
constraints Imports
Fiscal systems
12 regions

Public Administration -«

Redistribution & Infrastructures

12 sectors (5 energy, 3 transports,
construction, industry, agriculture,
composite)




A yearly static equilibrium to capture general

equilibrium effects

Transfers

Households

Utility function

<=

Mobility : time budget, households
equipments and infrastructures

Energy consuming services :
stock of m?, electric appliances

prices Final taxes

wages demand

income +

Investment
A 4
. Exports .
Production sectors »| World goods, services
Under technology and capacity and capital markets
constraints Imports
Fiscal systems
12 regions

Public Administration «—

Redistribution & Infrastructures

12 sectors (5 energy, 3 transports,
construction, industry, agriculture,
composite)




A yearly static equilibrium to capture general

equilibrium effects

Households
Utility function

Under or over
use of capacities

Rate of utilisation of
the labor force

=_

prices Final taxes

wages demand

income +

Investment
A 4
. Exports .
Production sectors »| World goods, services
Under technology and capacity and capital markets
constraints Imports
Fiscal systems
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Focus on the dynamic modules

1. Growth engine



Salient features of the IMACLIM-R framework

What Growth Engine? natural growth and effective growth...

A natural growth, the drivers of which are:
 Demography (pyramid of age) labor force increase/decrease

« Labor productivity increase (either exogenous catching up
assumptions or stylized representation from endogenous growth

theories)

Exogenous “natural growth” (Phelps, 1961), i.e. the growth rate
that an aggregated one-sector economy would follow under full
employment of production factors.

Effective growth Is endogenous:
 Allocation of labor force across sections (with different absolute
productivities)

« Shortage or excess of productive capacities, resulting from past
Investment decisions



Focus on the dynamic modules

2. Evolution of constraints



A recursive dynamic approach to disentangle short run

constraints/adjustments and long run dynamics

12 regions
12 sectors

CD




A specific effort to describe technological choices,

technical constraints and structural change

An explicit technology portfolio  for critical elements of the
energy system

Power generation (Advanced coal, CCS, nuclear, various renewable...)
Light Duty Vehicles ( Hybrid, plug-in Hybrid, electric...)

Alternative liquid fuels (Biofuels, Coal to liquid...)

An effort to represent physical constraints bearing on energy
supply and demand

Temporal availability of oil resources

Load curve for power generation
Technical asymptotes for energy efficiency gains

Including Structural Change

R&D and learning-by-doing mechanisms apply to the sets of techniques

Endogenous Structural Change results from interactions between demand,
supply, and ITC mechanisms



Dynamic module « mimic » investment choices

Sectors chose how many new producing capacities they wish to
build and what technical characteristics they want (type of energy,
energy efficiency), given:

— Depreciation of old capital generations

— Anticipated demand (with information on current and past demands)

— Anticipated prices (with information on current and past prices)

— Technologies characteristics in the portfolio (costs, efficiencies...)

Households similarly chose their equipments (cars, ...)

The capital stock characteristics evolve « at the margin »

Putty-clay representation allows to distinguish between short-term
rigidities and long-term flexibilities









IPCC (2014) WGIII Summary for Policy Makers

mitigation scenarios (450ppm COZ2eq in 2100) eidades in global
consumption|...] of 1% to 4% in 2030, 2% to 6% in 2050, and 3% to
11% in 210Qrelative to consumption in baseline scenariothat

grows anywhere from 300% to more than 900% over the century.
These numbers correspond toaammualized reduction of

consumption growthby 0.04 to 0.14 (median: 0.06) percentage points
over the centuryelative to annualized consumption growth in the
baselinethat is between 1.6% and 3% per year.

IA Mitigation costs

Baseline
uncertainty
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4 Mitigation costs
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Potential drivers of climate mitigation costs

Availability of fossil energy
Catch-up speed - Coal
in other - Unconventional gas
countries - XTL (gasoline substitutes)

Labor productivity

growth in rich Low—carbqn
countries technologies

Mitigation - Electricity
COSts - Transports
- Housing

Population
growth

Consumption behaviors and End-use energy
localization choices efficiency



Potential drivers of climate mitigation costs

Availability of fossil energy

Catch up speed - Coal
- Unconventlonal gas
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2 types of policies to

reach ~500ppm CO2-eq:

- Carbon price
revenues recycled to
households

- Carbon price
revenues recycled
through a reduction
of other taxes

!

432 policy
scenarios



Two measures for the macroeconomic evaluation

mitigation scenarios
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Discounted
per capita
GDP,

over 2011-
2050 (3%
discount rate)

® mean across all mitigation scenarios

Correlation coefficients:

- whole set: -0.67

- set with reduction of
pre-existing taxes: -0.36

Discounted GDP losses wrt baseline, over 2011-2050 (3% discount rate)



Results from Classication and Regression Tree (CART, Breatnaln, 1983) algorithm






Results from Classication and Regression Tree (CART, Breatnaln, 1983) algorithm







87



Consumption

patterns
Overall
productivity C
Demographics \

Aging

‘e,
Migrations \ Growth
engine
Savings \‘/

Energy,
food and

housing
markets

rate
Capital flows

N

Debts =
Trade Technology

and resources

L

Location

88



e Une illusion?
— ... le piege de la carte a I'echelle 1:1

89



e Borges, "On Exactitude in Science":

« In that Empire, the Art of Cartography attained such Perfection
that the map of a single Province occupied the entirety of a City,
and the map of the Empire, the entirety of a Province. In time,
those Unconscionable Maps no longer satisfied, and the
Cartographers Guilds struck a Map of the Empire whose size was
that of the Empire, and which coincided point for point with it.

The following Generations, who were not so fond of the Study of
Cartography as their Forebears had been, saw that that vast Map
was Useless...»
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And then came the grandest idea of all! We actually
made a map of the country, on the scale of a mitad
mile!" "Have you used it much?" | enquired.

"It has never been spread out, yet," said Mein Hére
farmers objected: they said it would cover the whol
country, and shut out the sunlight! So we now hge t

country itself, as its own map, and | assure yaloéds
nearly as well.”

-- Lewis Carroll,Sylvie and Bruno Conclud€d893).
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e Une illusion?
— ... le piege de la carte a I'échelle 1:1
— ... quel niveau de complexité est gérable/nécessaire?
— ... attention a la disponibilite/qualité des données

e Des modeles tres différents co-existent

— ...des controverses sur la “bonne” représentation des
mecanismes economiqgues (pas de “loi” immuable?)

— ... repondent a des guestions différentes
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e Solow (2000)

« When | walk around Boston or sail around Vineyard Sound |
navigate without hesitation as if the earth were flat, and | get
there just fine. If | were flying to Timbuktu or sailing to Sydney, |
would surely navigate as if the earth were spherical. The analogy
IS not perfect. Here is a rather better one that | understand less
well: in everyday life, | anassured, Newtonian physics is

perfectly adequate, but over much longer distances and higher
velocities it would be a bad mistake to omit relativistic effects.
Presumably there are intermediate velocities at which the choice
might be worth thinking about. »
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Merci pour votre attention

... et vos guestions.

T , , ', 0 ,H#1 23/ 4 #i
5
/ 2 6!, 71897 /
. "= 123/ : / :
, / ( 68<, 3897=/
e 9% ,0//, 1, -,(,0 , 191 12 /> ) 9'"? 5)
) * ) (1

@ 223,A 2,212921/

http://www.imaclim.centre-cired.fr/spip.php?article21

quivarch@centre-cired.fr




