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Linux Foundation Open Source for Climate (os-ciimate or 0s-c)

Applying the community-based open-source approach that has enabled breakthroughs in Life Sciences & Tech

to solve data & analytics challenges required for investment to achieve Paris Climate Accord goals

OPEN SOURCE COMMUNITY

- Governance, licensing, and
collaboration structures enabling
stakeholders to share cost,
intellectual property, and effort.

- Joint projects for new data,
modelling, standards, and
supporting technology

/ t
- pe "
e I
|
N
A

| | X
4 _B 4 T

COMMONS GLOBAL DATA ANALYTIC TOOLS

- Curated library of public and - Integrate climate-related risk and
private sources, for both opportunity into decisions by investors,
transition and physical financial institutions, regulators, etc.
risk/opportunity

- Top-down and bottom-up modelling
- More accurate corporate _ _
historical and forward-looking  Scenario analysis tools
climate & ESG metrics as a . Alignment tools

public good

Visit www.os-climate.org for more information
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OS-Climate architecture overview

Portfolio Physical Risk & Transition
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Transition challenge . 48
Inconsistent reports Inconsistent opinions
on climate & energy transition on why reports reach different
risks / potential actions conclusions
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OS-Climate Transition tool tentative answer QQQ
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Transition threat to economy growth b 4}

GDP versus energy production evolution | 1950-2050

& F: n
§0Df g GaDs:’?fs(.jEsrt)’:ng - ( WITNESS is coupling
T2 Energy and Economy (; 2
g g 200 » B in a new & disruptive way E E ’ !
& ¥ to better analyse WITNES S
- : transition scenarios

”

1990-2017

| h
100 4( GDP Energy efficiency ) ' prolongation trend
st il IHS inputs are also out of range
i \ ryt‘”' m predicting even more growth
‘
i WITNESS is evaluating
0 = possible energy mix that
0 5 000 10 000 15000 20000 25000 can be reached depending
Primary energy production (Mtoe) on energy & emissions
© Beyond 2°C scenario (IEA) © 2°C scenario (IEA)
© Middle of the road - 1.5°C (IPCC) © Middle of the road - 2°C (IPCC) £ carboned

IHS, IEA and IPCC GDP assumptions are not reliable in the energy transition context
‘Black box’ reports discrepancies & doubful assumptions do not favor actors alignmg_e,.\:@f(.);_.C



Transition threat to human survivability in large areas 4}

Critical environmental limit for humans

(source theconversation.com mentioning PSU H.E.A.T. project results)

Wet-bulb temperatures
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This map shows zones where extreme air temperature and extreme humidity occurred
during a short period (0.1% of maximum hottest daily temperatures) from 1979 and
2017. Darkest colors show most critical combination of extreme air temperature and
humidity

Relative humidity (%)

Map published by NOAA. Data : Radley Horton & al

36 38 40 42 44 46 48 50

Temperature (*C) Do we wait for a massive 100M+ death event

This chart translates combinations of air temperature and relative humidity into critical llkEly to come in the next years ?
environmental limits, above which core body temperature rises (. The border between

the yellow and red areas represents the average critical environmental limit for young

men and women at minimal activity. (W. Larry Kenney, CC BY-ND)




World environmental ImpacT aNd Economics ScenarioS 2
(WITNESS)

Policy

Coalition @ @
Cooperation > <o
Carbon price M

Regulation and subventions

How most IAMs work

Regulation .
- 4 N\
[ MacroEconomics \ Energy
GDP (trillion US$1990)
7 SRES+pre-SRES, non-intervention range Ener Investment
i 9y Energy Energy supply and R&D
ool ¢ P Demand . o )
—Ipcc ;, s . demand & == (L @ LB @/
ls00] o8 ‘* Transportation| | — investment —» E R4 La)
capacity

E-ﬂ Industry Energy supply
) & investment ___ Fuel reserve/

100 Residential required potential

——— Commercial E‘ .
QO 1960 1980 2000 2020 2040 2060 2080 2100 j \ : m )

Climate change
impact A / \ \ /

Climate change . .
9 Emissions Natural Material Material

impact Resources consumption consumption
/ / usage \ / Natural
. Res
Gross Domestic Product depends on . A - |
X Environment
capital, labour and net energy output : Natural resources o
Climate Impact Emissions
N dt h | t d | Emissionsand S Water use Land use
eed 10 nave a population mode carbon cycle increase @ @ U

to properly create world scenarios
(as in World3 model) i

Access to net energy production }

to properly feed production function Integrating most aspects of existing IAM's
Earth is a finite system thanks to disruptive simulation platform
with many resources limits allowing models automated coupling

reflected in the framework [




Which IAM usage and for whom

WITNESS

Assumptions

» what modules or couplings are activated ?

* what are the initial conditions ? Tradliiop,,

* what are fixed evolutions vs what are optimized ones ? s usggge”b

(e.g. fixed Carbon tax vs optimized energy technologies investment) Public institutions. Finance

» global world quantities available in traditional IAM's

) ) o (e.g. GDP, T° raise, CO? concentration, climate damages...)
Configuration Trades description

dataset building) manual data inputs ) )
Financial reference data

Legal taxes & constraints

Generic consequences analysis
» specific but wide ranging impacts
(e.g. Physical risks, PCAF...)

Cherrypicking & collecting data Computing one or several Computing one or several
from different datasources transition trajectories transition trajectories
according to selected assumptions,
and building a configuration file of it

Private businesses, Industry

» specific quantities that are key to their business
and not always available in classical IAM's

(e.g. specific material availability,

W strated® - e o L
@ specific energy availability & price in possible mixes...)

JAM's us89®
\ ;o ;

Y Y
Pre-competitive open-source part . . . Competitive private part
Transparent, shared, auditable, trusted CG{)Q»@W\AWQ Specific to own assets/policies, blended with private da;g{pt%gg_(
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Cooperative platform suited to transition "coopetition” needs ﬁp
Providing additional confidence to boards, shareholders, authorities and citizens v

Investments World evoluti
. . orld evolution
globalw ~ scenarios envelope
Trade - ) - o i / Sectorized

S peci fic scenarios envelopes

private /

strategy
Specific

" == £ , = - e} rivate <—
globalizat ’ - - | : ategy

Regionalized
scenarios envelope

common
strategy

Human resources®y l
lobalization Relevant
g Energy public Need for
o Transportation bodies collaborative
Decades of globalization Manufacturers transition
strategies
High
interdependencies
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v ®0 Energyhix
~ & methane
B FossilGas
& UpgradingBiogas
+ v Whydrogen
v @ gaseous_hydrogen

Global land use (Gha) in 2020

Cache Fie Pain

‘climateeconomics.sos_wrapping sos_wrapping_land_use land_use land_use.

Ending year

6 f
-~ > W Electrolysic
@ PiasmaCracking
v @ liquid_hydrogen
# HydrogenLiquefaction
1w Obiogss
s

Output parameters : 4

Agricultural susface for food

clmateeconamics 505, wiapping. 503 wrepping_land.use land_use Land_use v2_disc_input

climateecancmics sos_wrapping s05_wrapping_land_use land_use land_use_v2_disc._outg

~ O syngas
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Lo Wiuel
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dats

E §R_
TRADES

v 85 coarse_ms._policy_30_05
+ = optimization scenarios

> ag scenatio_policy=0,0% a X =

v g scenario_policy=25,0%

~ TTWITNESS_MDO

v 9 WITNESS Eval
A DesignVarisbles

~ WWITNESS
> mand

o sos e v2 dise_oute

wrapping_land_use land_use land_us.

it T on o |

1 Post processing

-

1ty : Not evaluated

e@aczO Data

enario_policy=100,0%
scenario_policy

@ Pelietizing
v+~ M biomass_dry
& ManagedWed
& Unmanagedi|
5% CropEnergy
v ¥ electricity
4 WingOffshon
dp WingOnshore
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4 GasTurbine
O BiogasFired
0* Geothermal
e CoalGen

Energies CO2 intensity by years

e CO2

isc_input_cache. file_path

Breakdown of energy investments.

' OilGen
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Temperature in 2100 vs Welfare
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Surface taken to produce food over time

~ @ carbon_capture
v @ flue_gas_capture
& Caiciumbooping
& ChilledAmmoniaProcess
& CO2Membranes
& MonoEthanolAmine

& PiperazineProcess
& PressureSwingAdsorption
~ [ direct_air_capture
© AmineScrubbing
€ CalciumPotassiumScrubbing
vyl carbon_storage
@ BiomassBuryingFossilzation
== DeepOceaninjection
== DeepSalineFormation
B DepletecOiiGas
) Enhanced0ilRecovery
A GeologicMineralization
& PureCarbonSolidStorage




Population & health aspects poorly addressed in current IAM's

IAMC

Page Discussion

& Thierry Chevalier Talk Preferences Watchlist Contributions Log out I

Read Edit Editsource View history

Model comparison

This page makes it possible to create a comparison between (a selection of) models and reference c4
card group. You can create a model selection first. This selection will be passed to the ‘group featureq

IAMC

Special page

& Thierry Chevalier Talk Preferences Watchlist Contributions Log out

Model Comparison Socio-economic drivers

|search IAMC-Documentation

al

Foundad 2007
button, a new tab will be opened containing the ‘run query form’ with all features of the reference card|
frvmed 8% Selected models: || * GCAM | [ IMAGE || x MEDEAS | |x MESSAGE-GLOBIOM || x REMIND-MAGPIE || x WITCH || x WITNESS

e Model selection
il You can select models from a list of all IAMC models. IAMC wid Select Socio-economic drivers from the list below:

AIM-Hub Select models . Model [Select all][Select none]

BLUES Current selection is: GCAM: IMAGE: MEDEAS: MESS, O Population [ Population age structure O Education level O urbanization rate

C3IAM O cop O Income distribution ) Employment rate (O Labor productivity

COFFEE-TEA i BLUES . -

S Feature selection = [ Total factor productivity O ﬁfulono.mous energy [ Other socio economic driver

GCAM efficiency improvements

e The buttons below will open a query page in a new tal ontains a form to select features and run tj COFFEE-TEA

GRACE Model scope and Socio-economic Emission, climate and

About model : Macro-economy Energy Land-use s

IFs methods drivers impacts

IMACLIM > = T

MAGE About model Scope and method Soci Vi Energy Land-use Emission, climate and

- features features drivers. features features features impacts features

MESSAGE-

Gl OBIOM

— & Thierry Chevalier Talk Preferences Walchist Contributions Log out
2 e
- ;
Special page [Search IAMC-Documentation

IAMC

Founded 2007

IAMC wiki

- Model
documentation
AIM-HUb
BLUES
C31AM
COFFEE-TEA
DNE21+

Model Comparison Socio-economic drivers

Exogenous or non-existing...

Q|

Socio-economic drivers

MEDEAS

B Yes (exogenous)
O Yes (endogenous)

MESSAGE-GLOBIOM

B Yes (exogenous)
O Yes (endogenous)

REMIND-MAgQPIE

B Yes (exogenous)
O Yes (endogenous)

WITCH

B Yes (exogenous)
O Yes (endogenous)

WITNESS

O Yes (exogenous)
& Yes (endogenous)

\

Other socio economic driver

O Yes (endogenous)

GCAM IMAGE
Population & Yes (exogenous) B Yes (exogenous)
O Yes (endogenous) O Yes (endogenous)
Population age structure & Yes (exogenous) O Yes (exogenous)

O Yes (endogenous)

O Yes (exogenous)
O Yes (endogenous)

O Yes (exogenous)
O Yes (endogenous)

B Behavioural change

0O Yes (exogenous)
O Yes (endogenous)

¥ Yes (exogenous)
O Yes (endogenous)

O Yes (exogenous)
B Yes (endogenous)

i @ Behavioural change ‘

e.g. diet

il
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Looping effects through the rest of the IAM
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M M Model documentation in GitHub ( _
Population in WITNESS

Cumulative climate deaths
“ ([T
| |

Based on existing literature! with modifications
= One year time step and population divided into one year age group
= Evolution of the population depends on birth rate,
and death rate per 5 years age group
* More detailed 1 year age classes and level of education are considered

@ -

Birth ra te Number of birth and death per year
* Function of economics activity and a proxy for education
in case of degrowth we will not retrieve past level of birth rate because of all the knowledge acquired
(e.g. better access to contraception, higher level of education...)
Death rate
» Classic death rate: function of economics activity and a proxy for education
* Improved death rate: classic death rate + sum of climate and nutrition effect
= Key endemic diseases considered
Key model Strengths :’::::n:j mm:::;‘fut;m additional deaths provided by WHO [61]
= Population dynamic fully considered Undemurkion Malaria Dengue Disuhealdiscmses Heat
*= Flexible model allowing fast modelling improvements e
0-4 | 1/14 1/14 173 0
. 59 0 1114 1/14 13 0
Improvement l'eC|U|l'ed 1014 0 114 114 173 0
= Better model of labour productivity il w0 .
* Model additional effects on both birth rate & death rates 60-64 0 4 114 0 0
= Only at global level, need to work on population distribution 6350 4 e 0 ’

) Mclsaac, F. (2020) "A Representation of the World Population Dynamics for Integrated Assessment Models. Environmental Modeling & Assessment", pp.611-632. n|05-C

WHO. (2014). Quantitative risk assessment of the effects of climate change on selected causes of death, 2030s and 2050s. Geneva: World Health Organization



Demo focused on health

w @witness_coarse_mda_ms_sprint14
~ @ mda_scenarios
‘-~ @Full fossil, no damage no tax
I Macrosconomics
€2 GHGCycle
4 Damage
B Temperature_change
. §Utility
& Policy
tee @ Land_Use
> G AgricultureMix
.. 488 Population
> % GHGEmissions
i > @0 EnergyMix
> feccus
> @ Resources
.. @ InvestmentDistribution
1> @IEA energy mix, no damage with tax
i » @Fossil + 2020 invest renewable & CCS, with damage notax
i » @Fossil + renewable (step) & 2020 CCS invest, with damage no tax
> @ NZE inspired, with damage no tax
~ @ NZE. with damage with tax
I Macroeconomics
€3 GHGCycle
. & Damage
- @ Temperature_change
- Uity
& Policy
€ Land Use
L % AgricuitureMix
¥ Crop
A Forest
1 428 Population
v % GHGEmissions
® Industry
= Agricuture
: & Energy
i > @ EnergyMix
Lo feCCUS
> @ carbon_capture
i o> wlcarbon_storage
i @ Resources

# coal_resource

o oil_resource

B! natural_gas_resource
i uranium_resouwrce
== COPPEM_resource

World population over years

knowle dge

Knowledge yearly evolution

[

birth rate

Human cost of global warming per year

tic deaths

Cumulative climate deaths

15-49 age range birth rate

Population by age at year 2100

years

number of people

age




Possible developments: Advanced damage functions Q&

WIT 5 S

Resulting models

- Local temperature
change (Global T)

- P s Flooding occurrences
M (Global T)

Build correlations

between local Extreme weather
information and global

occurrences (Global T)
temperature change

Global average temperature change

=== HadCRUT (1850- )

(°C) | == NOAA (1850-)

=== Berkeley Earth (1850-)

+1.0 = NASA GISTEMP (1880-)
w—Japan Met JRA-55 (1958- )

— ECMWF ERAS (1979- )

+0.5

-0.5
1850 1875 1900 1925 1950 1975 2000 2025

%% | 05-C
Extracted from CMIP5 or future CMIP6 -



Possible developments: Advanced damage functions Qﬁg

Proposal of a-*déﬁééé{_fhn—_ction based on geo-spatial data (2/3)

Resulting models

Local temperature H N Swd TR

Change (GlObal T) Use models with 2t

population
distribution data

Climate induced
death model

HHR

Flooding occurrences
(Global T)

Extreme weather
occurrences (Global T)

Use models with
capital/

Industrialization
distribution data

' ' b ¢ # ‘ Physical damage &
. : o] loss model

waws | OS-C
L3



Possible developments: Advanced damage functions (ﬁg

w

Proposal of a-dé'rﬁéééffhn_ction based on geo-spatial data (3/3)

Climate induced AT Laoer Capital loss due to Physical damage &

impacted by climate :
death model ; change climate change loss model

Macro-economics impacts with
advanced damage functions

[ We are looking for financing of this initiative ] & [osc




SoSTrades Model DevSecOps

Code the tests Discipline integrated
<«— for expected model in SoSTrades ontology
features

Code or

1. Develop your core model (python) el

2.  Wrap your model
» check parameters ontology for your interfaces

Discipline used
in an SoSTrades process

= write the wrapper code (Python)

 grab inputs by name in proper namespace**

 runyour core model

>
 transfer outputs by name in proper namespace** QP/“P _‘
» add post-processing graphs (plotly) gNF;;g‘”pT'o ot i SoSTrades sudy
= write the doc (markdown language) : D ye e skl
3. Addyour new wrapper in proper simulation namespace local variables local variables
Check in your developments and write validation tests Mogel? Mogel 2
5. Wait next DGVSQCODS batch (triggered after a push on integration shared

ipeline) / variables\
pipeline

6. Use your new features (or fix regression or security issues ©)

Model 1 couplings Model 2
variables
** 3according to the discipline I/O names,
couplings variables are automatically identified, N .y y

and multi-disciplinary analyses automatically built - . N
Multi-Disciplinary Analysis (MDA) oAS



Easy to complete or evolve with new effects, parameters...

Policy

Let's say you want to add impact of ODS"™ on health

® oDs: ozone-depleting substances

WITNESS

1. Complete ontology with main elements/variables to be exchanged
(ODS emissions, ozone layer thickness...)

2. Add ODS emissions from any relevant sources as needed

Energy supply

Energy

Im?:.;;.
u!mnnﬂ & % !
capacity

(energy, macro-economics...) imvestment _ ket
jw] ﬁ' ﬁ 6

3. Add environment system impact from all ODS emissions camt chnae 7

(ozone layer reduction, CFC contribution to green house effect...) Shenate:changs jssions atur Material mmm‘:

/ / Vange o (3'
4. Add death rate impactin population model due to Ozone layer Ervironmert - 1\ Mm,.a.s =
. . atural resources

thickness reduction [ g;;;nggd o ] e | aa SE
Automated
e Collection of all ODS emissions Just add your model

e Cumulating greenhouse effect of ODS on top of other factors ) )
99 P Taking into account

e Population evolution due to population damage generated by interactions and loop-back
thinner ozone layer is automated

e Impact on labor For macro-economics

j:oan 0S-C



Verification and Validation in WITNESS as of Jan'24 e

« Academic / Peers's review (publications, conferences...)
» Comparison with other IAM's

V&V (IAMC validation working group, validation workshops...)

WO rkshops * Calibration check with other IAM's and past data

* |T (user stories completion, previous bugs)
» Numerical (adjoint state, convergence robustness, speed...)
« Cooperative business experts

(systems interactions dynamics order of magnitude...)

WITNESS « Calibration check with past data & validated individual system results

reference
use cases

* IT (user stories completion, previous bugs)
* Numerical (adjoint state, convergence robustness, stability...)
* Business Expert
(model interactions dynamics order of magnitude...)
« Calibration check
with past data & validated individual model results

Validation
reference
use cases
library

DevSecOps
non regression
tests

* IT (user stories completion, previous bugs)
« Numerical (gradients, stability...)

» Topic Expert (results & dynamics
order of magnitude, domain of validity...)

« Calibration check with past data




Follow-up or work with the project

For users

Follow-up OS-Climate progress as a whole
=> "All hands meeting"
1h every second Tuesday of the month, 10:00 AM ET

Follow-up Transition tool more specifically
=» "Transition tool weekly"
1/2h every Wednesday, 10:00 AM ET

Specific interaction with Transition tool team
=» "Come as you are"
2h every Thursday, 08:00 AM ET
register at https://www.witness4climate.org/events/

User's training
=» Training development in progress with Linux Foundation
First MOOC's should be available in Q2'24

o
WITNESS

For developers

Start your own developments
=» Setup development environment on your laptop
(native or Docker containerized image available)

Get specific support
=» "Code as you are"
2h every Wednesday, 08:00 AM ET
register at https://www.witness4climate.org/events/

Contribute source code or documentation
=» Contact project to get a GIT branch
where to contribute your developments
https://github.com/os-climate

Test integration of your code
=» Automated through DevSecOps loops
when your code is properly contributed on project GitHub

Developer's training
=> Training development in progress with Linux Foundation
First MOOC's should be available in Q2'24



Barebone open source offer

can be completed by commercial support if needed

OS-Climate «Transition tool» source & documentation scope

Strategic business modeling framework
(set of modules For SoSTrades)
source code & documentation

"

WIT

Capgemini « Business for Planet modeling » commercial offer scope

Capgemini IP Customers IP

Detailed
regionalized
& segmented
ecosystem

Specific

strategic
modeling

Specific
strategy
derivation

Specific
company
add-ons

d e
RS
Vox(s
~ s
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Policy

— Coalition
@ :Q Regulation and subventions
l Cooperation Oo L bl
Carbon price M
‘ Regulation
Investment

Energy supply
™ Energy and R&D
&;Il Capital demand &

¥ mFrwucuon leanSPﬂﬂa‘m" — investment —»
% Labour capacity

Energy

Population

Death & birth rate i, P
Aging ‘8 Investment »
Employment e productivity Industry Energy supply
- & investment __
y Residential required
# Energy % wellare Commercial

Climate change , N
impact Z / \
Emissions Natural Material Material
Resources consumption consumption
usage Natural
% Resources
usage

Climate change
impact

Natural resources
Emissions

Interested in Learning More:

Y

THE N

L LINUX

FOUNDATION

e c
7] 1 Lj.)'k
|
|

https://witness4climate.org https://github.com/os-climate https://stable.osc-tsa.com/

WITNESS presentation Source code repositories Stable public platform /( "‘
and links to OS-C (include all models documentation) (basic github account needed) ‘ CC“F 89" WAL




Links to different resources

https://witness4climate.org

WITNESS presentation
and links to OS-C

https://os-climate.org/

Open Source for Climate

Public
platforms

https://github.com/os-climate

Source code repositories
on GitHub

(include all models documentation)

—

Stable

Integration

https://integration.osc-tsa.com/

Q:E.L.E_
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