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Achieving Multiple Socio-Economic Targets

[ Why should we deal with multiple socio-economic targets? J

[ @ Knowledge on multiple socio-economic targets is evolving ]

[ L’} Sustainable Development Goals: a framework to guide socio-economic targets? ]

[ ‘jé Assessing multiple socio-economic goals ]
o Tools (o Carbon Dioxide Removal (CDR) and ]
o Climate Change Impacts on Agriculture | [ Climate Justice )
o Energy Transition in Africa o Bioenergy




Why should we deal with multiple socio-

economic targets?
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Achieve societal and political
support
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Have stakeholders on board
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Achieve international
agreement/collaboration
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Sustainability challenges are
highly interconnected
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range of development pathways will provide

choices (not only dimate more policy tools to

policy choices) accelerate mitigation
and achieve other SDGs

Source: IPCC AR6 WGIII
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Why should we deal with multiple socio-
economic targets?

INTERNATIONAL MONETARY FUND

“... three key policy attributes are major predictors of whether
people support carbon pricing:

Public Perceptions of
Climate Mitigation
Policies: Evidence from
Cross-Country Surveys

(1) Perceived effectiveness in reducing emissions

(2) Perceived fairness or distribution burden

(3) Perceived other co-benefits of improved air quality, health
outcomes and new jobs”

°
-

410N NOISSNOSIA 44V1S

Prepared by Era Dabla-Norris, Thomas Helbling, Salma Khalid,
Hibah Khan, Giacomo Magistretti, Alexandre Sollaci, and
Krishna Srinivasan

SDN/2023/002




Why should we deal with multiple socio-
economic targets?

“What do you think a good climate policy should aim to achieve?”

INTERNATIQ )

Pu bl | C P S increase

encourage

Climate NER&S
Policies:

Cross-Cq

Prepared by Era Dabla-No
Hibah Khan, Giacomo Mag
Krishna Srinivasan

SDN/2023/002 reduce

IMF Staff Discussion Notes (SDNs,
policy-related analysis and resear:
developed by IMF staff

published to elicit comments ai
debate. The views expressedin i
N’sare th@se of the author(s)and
neceggafly representthe views of th
its Executi¥e Board, or IMF manage!
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Classification of Responses into Topics

Environmental protection ﬁ

Reduce emissions

i
Energy generation — "

;
Raise awareness

m Advanced economies

DeREKROW B Emerging markets
-5 5 15 25 35 45

Answers containing topic (%)

Source: IMF staff calculations based on IMF-YouGovsurvey.

Note: This figure shows the share of answers that contain at least one word related
to each of the four broad topics, plus the share of answers that relate that they do
not know what a climate policy should do. Note that responses can be classified
into more than one topic.



Knowledge on multiple socio-economic targets
|S evo lVII’l g ... butitis still far from our needs i e COZpffcsions

o Energy, greenhouse gas emission, economic growth
usually are assessed together.

o Societies care about many other outcomes:

employment, health, equity, poverty reduction, energy
access, food security, water security, biodiversity, etc.

Ng Discover Sustainability (2026) 7:29
https://doi.org/10.1007/543621-025-02343-x

- : . . @)
A global bibliometric review of climate

change and energy policy research: insights
for sustainable development and internatic~~!
collaboration

Sai-Leung Ng'"

nucleagpower

Discover Sustainability

{ economié growth biomass
wind gnergy

f energy c@umpno'r: govegpance
energyistorage

d envirgpment
carbon emissions ®

sustainable development <
bioae 2y palicy

), obal Wigrming '
natural gas ~ renewable energy sources

Chipa z & ;- clingate
scenarigianalysis
nucleagenergy renewable energy bigfuel

India
sfenewables Cl' a %
ene&) Q ) Jif le ass m
ife cycle agsessme
sustaigebility

greenhousggases emissior
hydropower climate cha& mitigation

decarbonization
EU renewable @nergy policy
climate cha@nge policyeptinization
energysecurity
wind power . ‘
y ¢ environmental policy
energy transition energysector
climate policy
Australia clean @nergy

carben tax

public@pinion

Fig. 3 The network map of co-occurrence showing keyword clusters on climate change and energy policy



Sustainable Development Goals:
a framework to guide multiple
socio-economic targets?

ipcc

INTERGOVERNMENTAL PANEL on Climate change

Climate Change 2022

viitiagauon o l11d [1dlUE
D. Linkages between mitigation, adaptation. and sustainable
development

D.1  Accelerated and equitable climate action in mitigating, and adapting to, climate change
impacts is critical to sustainable development. Climate change actions can also result in some
trade-offs. The trade-offs of individual options could be managed through policy design. The
Sustainable Development Goals (SDGs) adopted under the UN 2030 Agenda for Sustainable
Development can be used as a basis for evaluating climate action in the context of sustainable
development. (f1igh confidence) (Figure SPNLS8) {1.6, 3.7, 17.3, Figure TS.29}

Working Group Il contribution to the

Sixth Assessment Report of the

Intergovernmental Panel on Climate Change Q I P C C A R6 WG I I I




Sustainable Development Goals: a framework to guide sustainable

development?

Sectoral and system mitigation options

Relation with Sustainable Development Goals

Chapter source

1 2 3 4 5 6 7 8 9 101 12 14 15 16 17
Wind energy [« | (<N -N-| Sections 6.4.2, 6.7.7
g | Solar energy [« | [« | - | - | Sections 6.4.2,6.7.7
i Bioenergy - B-N-| - N | Bg Sections 6.4.2,12.5, By
2 | Hydropower [« | BB Section 6.4.2
2 | Geothermal energy E B a Section 6.4.2
& | Nuclear power [ . | -] BEEB Section 6.4.2, Figure 6.1
. Carbon capture and storage (CCS) -] [« | Section 6.4.2, 6.7.7
25 Carbon sequestration in agriculture! B B Sections 7.3,7.4, 7.6
‘g 3 | Reduce CH, and N,0 emission in agriculture - | -« | Section 7.4
g 3 Reduced conversion of forests and other ecosystems? BB B a B B | section74
S § Ecosystem restoration, reforestation, afforestation [« | [« | B [« | Section 7.4
g_f'g Improved sustainable forest management [« | - | Section 7.4
S & , )
% E Reduce food loss and food waste [+ i+ | Section 7.5
£ £ Shift to balanced, sustainable healthy diets [« | [« | [+ | Section 7.4
(=]
< Renewables supply? BEBR (- - | BB Section 7.6
«, | Urban land use and spatial planning [« | [« | BEBa Sections 8.2, 8.4, 8.6
5 Electrification of the urban energy system [« | -« | - | Sections 8.2, 8.4, 8.6
2. | District heating and cooling networks B Sections 8.2, 8.4, 8.6
£ | Urban green and blue infrastructure [« | Sections 8.2, 8.4, 8.6
5 | Waste prevention, minimisation and management a [« | a Sections 8.2, 8.4, 8.6
Integrating sectors, strategies and innovations Sections 8.2, 8.4, 8.6

Type of relations:

Synergies

B Trade-offs

Bl Both synergies and trade-offs*
Blanks represent no assessment?

Confidence level:

B High confidence
B Medium confidence
B Low confidence

I 2 Zero hunger
I 3 Good health and wellbeing
I 4 Quality education
I 5 Gender equality
I 6 Clean water and sanitation

| 7 Affordable and clean energy

I 8 Decent work and economic growth

I 9 Industry, innovation and infrastructure

Buildings

Transport

Industry

Sectoral and system mitigation options

Demand-side management
Highly energy efficient building envelope

Efficient heating, ventilation and air conditioning (HVAC)

Efficient appliances

Building design and performance

On-site and nearby production and use of renewables
Change in construction methods and circular economy

~ Change in construction materials

Fuel efficiency - light-duty vehicle

Electric light-duty vehicles

Shift to public transport

Shift to bikes, e-bikes and non motorised transport
Fuel efficiency — heavy-duty vehicle

Fuel shift (including electricity) — heavy-duty vehicle
Shipping efficiency, logistics optimisation, new fuels
Aviation — energy efficiency, new fuels

_ Biofuels

" Energy efficiency

Material efficiency and demand reduction
Circular material flows

Electrification

CCS and carbon capture and utilisation (CCU)

Related Sustainable Development Goals:
1 1 No poverty

Relation with Sustainable Development Goals

1 2 3 4 5
Bon
opoEmE
DoE
opEEn
BmEn
ooEBDn
B
o
B B
|
B Do
B DEao
B B
B
Bm
|
B
BoE @
-]

I 10 Reduced inequalities
I 11 Sustainable cities and communities

I 13 Climate action
1 14 Life below water

1 15 Life on land

1 16 Peace, justice and strong institutions

1 17 Partnership for the goals
Source: IPCC AR6 WGlII
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i 12 Responsible consumption and production

14 15 16 17

[+ +]

B o

[ ) ]

Chapter source

Section 9.8, Table 9.5
Section 9.8, Table 9.5
Section 9.8, Table 9.5
Section 9.8, Table 9.5
Section 9.8, Table 9.5
Section 9.8, Table 9.5
Sections 9.4, 9.5
Section 9.4

Sections 10.3, 10.4,10.8

Sections 10.3,10.4,10.8

Sections 10.2, 10.8, Table 10.3
Sections 10.2, 10.8, Table 10.3
Sections 10.3, 10.4,10.8

Sections 10.3, 10.4,10.8

Sections 10.6, 10.8

Sections 10.5, 10.8

Sections 10.3, 10.4,10.5, 10.6, 10.8

Section 11.5.3
Section 11.5.3
Section 11.5.3
Sections 11.5.3,6.7.7
Section 11.5.3



Sustainable Development Goals: a framework to guide sustainable
development?

Relation with Sustainable Development Goals

Sectoral and system mitigation options == Chapter source

12 314 56 7 8 9 o2 oot e 17
|

" Wind energy iﬁ i ! _.: 1| Sections 6.42,6.7.7
z Solar energy :d I I h — : : Sections 6.4.2, 6.7.7
% Bioenergy m: : i! B l: : Sections 6.4.2, 12.5, Box 6.1
i Hydropower -1k o1 F I ! | Section 6.4.2
= | Geothermal energy -+ § :l_!i L ]+ I roo T _I: | Section 6.4.2
& | Nuclear power ' ¥ .| Lo I 1 I | Section 6.4.2, Figure 6.18

| Carbon capture and storage (CCS) I - B : T * | Section 6.4.2,6.7.7

Limited knowledge

Knowledge on multiple socio- Issues to be investigated by integrated

economic targets is quite narrow! Challenges modeling approaches!
Gaps
Type of relations: Related Sustainable Development Goals:
Synergies 1 1 No poverty I 10 Reduced inequalities
B Trade-offs I 2 Zero hunger I 11 Sustainable cities and communities
Bl Both synergies and trade-offs* I 3 Good health and wellbeing i 12 Responsible consumption and production
Blanks represent no assessment? I 4 Quality education I 13 Climate action
Confidenea leval: I 5 Gender equality 1 14 Life below water
. , I 6 Clean water and sanitation 1 15 Life on land
R Jiigh confidence | 7 Affordable and clean energy 1 16 Peace, justice and strong institutions

B Medium confidence

B Low confidence I 8 Decent work and economic growth B 17 Partnership for the goals

I 9 Industry, innovation and infrastructure Source: IPCC AR6 WG



Human Systems: Economy, Trade,
Energy, Agriculture, Transport,
Industry, Land-Use, Population
Dynamics, Infrastructure, Natural
Resources (Global to Regional Scale)

PRIMARY FACTORS y Ry A

INCOME

=
’\‘

CONSUMER

SECTORS Region A

\ e ’ i Region B
EXPENDITURES /. » %
d A " g |

GOODS&SERVICES .

County-Level Multi-Risk
Triage

ey Flood Risk =™ e
- —

Physical Systems
MIT Earth System Model

Urban Airshed

Air Pollution Processes

2-Dimensional Dynamical,
Physical & Chemical
Processes

Coupled Ocean,

Atmosphere, and Land

Ocean
3-Dimensional Dynamical,
Biological, Chemical & Ice

Processes (MITgem)

Land
Water & Energy Budgets (CLM)
Biogeochemical Processes
(TEM & NEM)

CAMS3; WRF; CESM; GEOSChem

Probabilistic Ensembles &
Integrated Projections

Socio-economic Latin
hypercube
tp, Parameters sampling

Policy scenario

Economic Projection
& Policy Analysis
(EPPA) Model

Anthropogenic
emissions

— ryparae MIT Earth System
A, sampling Model (MESM)

- policy cost, prices, energy mix...
- temperature, precipitation...

Integrated socio-economic
tA, and climate projections

Water Resource System Model

OTHER |
BASING l

Pattern Scaling &
Extreme Events

1GSM 1688 SCALED PATTERN
378 h,
i T}
il L
5
FIE e
! ;

Exploratory Modeling &
Scenario Discovery

Air Quality & Human Health

Standard global emissions inventories of
anthropogenic air pollutant precursors (CEDS)

v

Egijro

Choice of climate policy scenarios—>
scaling for emitting activities

v
S8 Choice of pollution control scenarios>
scaling for emissions intensities

]

A/ri:i,nl
(EPPA

(GAINS

Flexible air pollutant emissions scenarios

Decision-Making Frameworks

Statistical Emulators
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Assessing multiple socio-economic goals

Tools

STRESS Platform https://est.mit.edu/

Systers for the Triage of Misks Som Bwircrmentsl and Socio-economic Sresson Energy Expenditure as Share of GDP Population Below Poverty Level

Wy -
o N e
iy 4

Risk

Low Medium High
— | | p— ’
° » © © 3 %0

CO2 Emissions

Million Tons of CO2

| S| —

) 2,000 4,000 6,000




Assessing multiple socio-economic goals

Tools

MIT Economic Projection and Policy Analysis (EPPA) Model i

LR E T EL K [0 e RSV CI N T TR ([ef5] ) Economic Projection and Policy Analysis (EPPA) model: multi-
Framework sector, multi-region computable general equilibrium (CGE) model
projects economic growth, transitions and human emissions

Multi-sector, multi-region computable general equilibrium (CGE) model of the world economy for energy, economy and emissions projections

Carbon Cycle & Ice Processes Biogeochemistry (TEM & NEM)
i |

https://globalchange.mit.edu/research/research-tools/human-system-model

|
1
1
1
1
|
|
: PQM&%E&&I&ES 18 Regions Technical Features
o o A " " . . . | 3 Written in GAMS using
Economic Projection and Policy Analysis (EPPA) MIT Earth System Model (MESM): intermediate complexity, ' INCOME \ MSPGE
National and/or Regional Economic Development, . ’ . . . . 1 : Recursive-Dynamic
el Sy i modeling the Earth’s physical, chemical and biological systemsto | / _J Region C Recursive-Dynamic|
| : - -
H H _ N CONSUMER . RODU R EF A Calibrated to current
project climate-relevant conditions. | “SECTORS Region A PR BETWEERineAItiE s e
1 ’ levels based on IMF
.. . . 1 \ e EPPA regions: and IEA
Statistical Downscaling: Pattern-scaling of MESM based on CMIP6 1 -’ Region B s o Documented n peer-
Hydrology/ |l Land use [l Agriculture, CO,, CH,, CO, . . . ! EXPENDITURES % A et LA Cthrtain reviewed literature
water change [ forestry, , flf N0, nox, s0x, responses to assess regional likelihoods of change. ! ¥ N s Publicly Available
resources bio-energy, . NH,, CFCs, : N Qi Cona Version
- EUR Europe (EU+)
productvity [ consrams J] VO Bt ! Non-Energy Sctors B . ol
Dynamic Downscaling: Community Earth System Model (CESM) || Ful R A Crops *Regions and sectors can be
X N K L )| Mput LT ) Livestock added for special studies* Key Outputs Key Features
with multiple climate sensitivities(CSs) for full range of response. | output Forestry GDP Global Coverage & International Trade
1| Data == Food gD" & ?‘ea Consumption Economy-Wide Coverage & Inter-Industry Linkages
S — L g ) emen 5
MIT Earth System Model (MESM) . H (Wi _ Energy-Intensive Industry. G Emissions (GHGs, Air Pollutants) Feedbacks Across Regions & Sectors
Voleane \hileitie Community Earth System Model (CESM) )| gy = ] Manufacturing Non-Ferrous Metals Primary/Final Energy Use Theory-Based (mi e s R
forcing > Atmosphere forcing > Energy Exascale Earth System Model (E3SM) || Egem = Services o e optons Electricity Generation ! Prices, & Capital A i
2-Dimensional Dynamical, Urban Airshed | G cial Transport e Technology Mix GDP and Welfare Effects
Solar N Physical & Chemical Air Pollution Processes Solar Atmosphere : Key Inputs L hold Transport Plug-in Electric Commodity and Factor Prices Pgl:c:e§ imi ices, sector/ ions...)
forcing Processes forcing -> 3-Dimensional Dynamics, 1| Policy Assumptions Energy Sectors Battery Electric Sectoral Output Distortions (taxes, subsidies, etc.)
Chemistry and Physics 1| Population Growth Crude Oil Hydrogen Land Use Accounting for Physical Quantities (energy, electricity, land)
€O, CH, N,0 1| Capital/Labor Productivity Growth Refined Oil — 3 *At global and regional levels* *Links to MIT Earth System Model (MESM)*
Coupled Ocean, CeHCs Coupled Ocean, 1| Energy Efficiency Improvements Liquid Fuel from Biomass
Atmosphere, and Land PFCs.SF, SOX : Technology Costs Oil Shale Key Equations !
A BCandO, Atmosphere, and Land H Rate of Technology Penetration Coal Conv. Fossil (coal, gas, oil) Advanced Nuclear Firms imize profit: choose technology, level of outputand inputs :
_ 1| Elasticities of Substitution Natural Gas (conv., shale, tight) g‘;‘;l ;?‘;5'(':((:"500' Adv Coal) “il"a’f subject to production functions and costs 1
Ocean Land Land use N ‘a-:z?aanaged o Q(E?S = : Fo(srseillalt:zdetloklzrzz ::zf\ll’;'"aegﬁ‘i’t';uas’ Gz Electricity——— 1 Coal +Bio Co-firingw/ CCS ~ Wind Household maximize welfare: choose savings and consumption subject |
_Di i . t A -Dimensional Dynamical, Gas with CCS Renewables with Backup i 1
ZAD'F"EF:S"[’)'.‘;' M'Xe"j\ Lzyle' Naturaland Managed change Biogeophysics and BlologicallChemicalleee | e Rl e e @ e DAC Emoi A (S Hmes e \
nomaly Diffusive Model, Biogeophysics (CLM) and Biogeochemistry Processes 1| Land Productivity *New T ies Contii y Addeq* LNuclear Biomass with CCS Equilibrium Conditions: Market-Clearing, Zero-Profit, Income Balance 1
1 1
1 |
1 1
1 |

Existing tools can be used to overcome limited knowledge, challenges and gaps on multiple socio-economic
impacts,
and must be enhanced and integrated with others towards that direction!
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Index (2015

Assessing multiple socio-economic goals
Climate Change Impacts on Agriculture

Climatic Change (2021) 166:29
https://doi.org/10.1007/510584-021-03119-8

—a How will changes in
‘= agriculture prices
Impact other socio-
economic goals, such
as food security?

Challenges in simulating economic effects of climate
change on global agricultural markets

Angelo C. Gurgel' @ - John Reilly' @ - Elodie Blanc'
Received: 29 May 2020 / Accepted: 10 May =~~~ == * ° o ot

© The Author(s) 2021 Global price indexes for crops
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Assessing multiple socio-economic goals

Energy Transition

o Sustainable development challenges, rich in
natural resources, highly vulnerable to climate

in Africa

Global GHG Emissions

change, risks associated with low-carbon > ,
t it 0 Relative to Current Trends
ransition
o . . -5 .
o ™t transition scenarios for Africa: o —Accelerated Actions
Al negligible impact on global GHG 9 10 —Just Transition
T2 avoids impacts on economic growth 51 — Just Transition + SDG
« reduces energy access gap -20
¥ reduce deforestation and protect ecosystems -25
i ith G i -30
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Assessing multiple socio-economic goals
Carbon Dioxide Removal (CDR) and Climate Justice

2°C climate stabilization scenario: global carbon markets and international trade in GHG permits

angooffsets from afforestation and bioenergy with CCS

GtCO,e/year

15
Rest of World

H USA

M Rest of East Asia
W Europe

M India

B China

Fast Dev. Asia
Russia

W Africa

-10
W Latin America

-15

Buyers
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Assessing multiple socio-economic goals
Carbon Dioxide Removal (CDR) and Climate Justice
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Climate justice in a global/regional context:
shifts in the world socio-economic
“energy/technology/environment” balance?

Share of fossil x renewables (hydro+wind+solar+bioenergy) in total primary

6/ad

energy by 2100 in a CDR portfolio scenario assuming “sustainable biomass”

Fossil Energy + CCS
(Share of Primary Energy)

[ J=10%

[ <20% s
B <30% | ‘

B <s0% -~
B > 50%

Renewables
(Wind, Solar, Hydro & Bioenergy)

-

(Sha;e of Primary Energy)

|:] < 40%
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Assessing multiple socio-economic goals

Bioenergy
Table 6.73 | Impacts of integrated response options based on land management on the UN SDGs.
S £ g S "
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Increased food productivity

Improved cropland management

An IPCC Special Reporton cli | Improved grazing

land management
land management, food secur 9

Improved livestock management

Agroforestry

Agricultural diversification

Bioenergy and BECCS'?

B Large positive impacts, strong evidence I small positive impacts or low evidence B Vedium negative impacts, medium evidence
I Medium positive impacts, some evidence I Low negative impacts or low evidence I Large negative impacts, high evidence




Assessing multiple socio-economic goals

Bioenergy
Global bioenergy consumption
B <100E)yr 200 to 300 EJ yr!
I 100 to 200 EJ yr' | >300 EJ yr!
A. BECCS mitigation B. Energy cropland area C. Agriculture price
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Figure 6.8 | Correlation between bioenergy use and other indicators. Panel A shows global COz sequestration by BECCS in 2100. Panel B shows global energy
cropland area in 2100. Panel C shows agricultural prices in 2100 indexed to 2010. Data are based on the amount of bioenergy used globally in 2100. All scenario data that
include bioenergy consumption and the variable of interest are included in the figure; the resulting number of scenarios varies per panel, with 352 in panel A, 262 in panel
B, and 172 in panel C. The boxes represent the interquartile range (i.e., the middle 50% of all scenarios). The line in the middle of the box represents the median, and the
‘whiskers' represent the 5 to 95% range of scenarios. Data is from an update of the Integrated Assessment Modelling Consortium (IAMC) Scenario Explorer developed for the
SR15 (Huppmann et al. 2018; Rogelj et al. 2018b).

SPECIAL REPORT

Climate Change and Land

How will changes in agriculture
prices translate in other socio-
economic impacts, such as
changes in household income and

in food security?

Are there regional/local/sectorial or
context-specific opportunities?
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Multicropping maize-based production system
contributions to SDGs.

Land use changes in Brazil from increasing corn ethanol by 8 billion
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868 163
(50,000) (25,455) (868) (163)
(100,000)
(150,000)
(200,000) (167,625)
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Forest Vegetation Forest Natural
Vegetation
Changes in household income in Center-West Brazil
0.7 from increasing corn ethanol by 8 billion gallons
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Lowest > Highest
Income Households g
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Bioenergy

b Results from socio-economic models

Indicator Geography Metric
Food production Local %

Food preduction National %

Food production Global %

Food price Local %

Food price National %

Food price Global %
Income of the poorest families Local %
Consumption by the poorest families Local %

Utility index of poorest families Local %
Renewable fuel production Local billion L
Power generation Local MWh
Fuel and chemicals prices Local %
Electricity and utility services prices Local %

Price of transport services Local %

Liguid fuel price National %
Electricity price National %

Price of transport services National %
Electricity and utility services prices Global %

Fuel and chemicals prices Global %
Greenhouse gas emissions National MtCO.e
Greenhouse gas emissions Global MtCO,e
Cropland area National million ha
Pasture area National million ha
Planted forest area National million ha
Natural (secondary) vegetation regrowth area National million ha
Natural forest area National million ha
Non-forest natural vegetation area National million ha
Cropland area Global million ha
Pasture area Global million ha
Planted forest and secondary vegetation area Global million ha
Natural forest area Global million ha
Non-forest natural vegetation area Global million ha
Economic growth National %
Economic growth Global %




Final Remarks

Socio-economic co-benefits are key to achieve public support

and stakeholder engagement

“Just transition” may facilitate international discussions and
sustainability agreements, but it requires better understanding and
framing

There are several context-specific challenges and opportunities to
align multiple environmental and socio-economic positive
outcomes

Need to advance knowledge on multiple socio-economic targets
(overcame gaps, deal with trade-offs, find and enhance synergies)
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