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Al can aid climate action across a range of dimensions
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Sources Stern, N., Romani, M., Pierfederici, R., Braun, M., Barraclough, D., Lingeswaran, S., ... & Niemann, N. (2025). Green and intelligent: the role of Al in the climate
transition. npj Climate Action, 4(1), 1-7.; Milojevic-Dupont, N., & Creutzig, F. (2021). Machine learning for geographically differentiated climate change mitigation in urban areas.



Use of GPT and GenAl chatbots usage surging

Mid-2025 - user statistics
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Source: https://gptrends.io/blog/mid-2025-ai-chatbot-scorecard/
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Use of GPT and GenAl chatbots usage is surging

A majority of Americans say they interact with Al at
least several times a week

% who say they interact with artificial intelligence (Al) ...

Almost constantly/ About
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Estimates for Asian adults are representative of English speakers only
MNote: Respondents who did not give an answer are not shown. White, Black and Asian
adults include those who report being only one race and are not Hispanic. Hispanic adults
. are or any ace
Source: Survey of U.S. adults conducted June 9-15, 2025
“How Americans View Al and Its Impact on People and Society”

PEW RESEARCH CENTER

Sources: https://blogs.worldbank.org/en/digital-development/who-on-earth-is-using-generative-ai-; https://www.pewresearch.org/science/2025/09/17/ai-in-americans-lives-awareness-experiences-and-attitudes/



https://blogs.worldbank.org/en/digital-development/who-on-earth-is-using-generative-ai-

Challenges in applying GenAl Chatbots for climate
information-seeking

e Uncertain, geographically biased training data,
skewed heavily towards Global North




Training data heavily skewed towards Global North

Te:_it (Gini=0.92) Speech (Gini=(.86) Video (Gini=(0.74)
’w t".'l . : 1 -1 i
| & e e - = -
Across 4000 public datasets between 1990- \ ,

2024, spanning 608 languages, 798
sources, 659 organizations, and 67
countries used for Al training:

\AFRICﬁ ASIA EUROPE N AMERICA OCEANIA S AMERICA

By Count
TEXT 0.3 13.4 24.0 61.5 0.7 0.2
. . SPEECH 3.6 35.7 30.4 30.4 0.0 0.0
90% of training data came from North VIDEO | 00 252 244 48.0 08 16
. . By Tokens or Hours
. (o)
America; fewer than 4% from Africa o0 61 52 5 o v
SPEECH 0.1 38.8 18.8 42.4 0.0 0.0
VIDEO 0.0 23.1 22.0 38.2 16.7 0.1

Source: Data Provenance Initiative (2024) https://www.dataprovenance.org/Multimodal_Data_Provenance.pdf.



Challenges in applying GenAl Chatbots for climate
information-seeking

e Uncertain, geographically biased training data

e Ranking/prioritization of sources

Liu, et al. (2024). Lost in the middle: How language models use long contexts. Transactions of
the Association for Computational Linguistics, 12, 157-173.

e Hallucination/embellishment

g,et al. (2025). A survey on hallucination in large language models: Principles, taxonomy,
es, and open questions. ACM Transactions on Information Systems, 43(2), 1-55.

irmation bias

azemitabaar, M., Deng, M., Inzlicht, M., & Anderson, A. (2025). Invisible Saboteurs:
antic LLMs Mislead Novices in Problem-Solving Tasks. arXiv preprint arXiv:2510.03667.

e Summary creep

Peters, U., & Chin-Yee, B. (2025). Generalization bias in large language model summarization of
scientific research. Royal Society Open Science, 12(4), 241776.

e Computational challenges

Li, X., et al. (2024). Evaluating mathematical reasoning of large language models: A focus on
error identification and correction. arXiv preprint arXiv:2406.00755.




Explainable Al (XAl) still limited in the climate/geosciences

Of 2.3 million arXiv abstracts from 2007 to 2022,
. only 6.1% mention XAl, compared with 25.5% that
. e mention Al. This share has stayed steady, with
g e hﬂ;gg;ggggg;ghm b‘pdtﬁt most XAl papers coming frqm geoinformatics and
geophysics.
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Dramsch, J. S., Kuglitsch, M. M., Fernandez-Torres, M. A., Toreti, A., Albayrak, R. A., Nava, L., ... & Hrast Essenfelder, A. (2025). Explainability can foster trust in artificial intelligence in geoscience. Nature Geoscience, 18(2), 112-114.



Climate Chatbots aim to make GenAl usage more credible

\{ ! I H HOME CHAT FAQ ABOUT  CONTACT Net Zero Tracker ‘
~= NET ZERO

C"m a te Q& A @ Macaozinho

% Macaozinho

Ola, sou Macaozinho!

Enter your question...

Sou especialista em Mudancga do Clima para
a COP30.

como posso te ajudar?

Model ©®

GPT-4

ChatNetZero is engineered to merge expert-level Net Zero domain knowledge with the capabilities of Large Language Models
(LLMs), all while overcoming the limitations that have made LLMs less trusted within the climate change community.

Warning! Please note that ChatClimate is not endorsed by IPC( . S
chance that chatClimate is hallucinating, may occasionally pro {ssis e
instructions or biased content and may occasionally generate i . | i gy e e |
information. Ry . |

Generate

Latitude Longitude

BETA
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| Tty i
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ChatNDC is an Al d . ' ClimateGPT 92 o LN t
a IS an Al-powere Lo £ o { | . g
; i ) i \ Elevation: 92.0 m ]
platform designed to enhance ; : N ) i A |
‘ we i 3 i 3 Current land use: Not known [
access to and understanding — e ; e L |
ChatNDC of climate pohcy data - e . 0 Soil type: Cambisols |
Case Studies information. VA 1 |\ Distancetothe shore:202939.86m
Data ’ ; \ { / Near surface temperature [Souce: AWI-CM-1-1-MR, historical ,-mc? 55P5-8.5]
About ._ ) E,'-'
Privacy Policy ,» "\. __-'- s iy 3
: owered by ERASMUS Al ke 7
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.- L 5 I.:L"" .'{ ..-- 10
: ﬁ-l:‘agden
P of
e

SR [ e[S ClimateGPT synthesizes interdisciplinary e A |
climate change researchin a task-specific @ ‘sfaidoggsn ~ = = ° = . =~ & =

Source: ChatNetZero.ai; ChatNDC.org; Chatclimate.ai; macaozinho,; https://www.eci.io/climategpt; https://helmholtz.software/software/climsight



https://www.routetobelem.com/macaozinho

Generic Chatbots tend to have lower factual accuracy, embellish

1. How does Walmart’s climate goals compare with Ama- Model Step 1 Step 2
zon’s and other large retail stores? ChatNetZero 0.70 0.81+0.30
2. How many nations in the world have a net zero target ChatClimate 0.20 0.17+0.39
enshrined in law? GPT 0.40 0.40+0.40
3. How many companies rule out the use of offsets / credits Gemini 0.30 0.28+0.40
for their net zero targets? Coral 0.30 0.42+0.40
4. Does 3M or Pfizer have any conditions on the use of _ _

offsets? Table 1. Factual evaluation — ratio of true

statements over total number of statements

5. How do the United States, China, Wal-Mart, Apple and
generated.

California compare in terms of their decarbonization efforts

6. How does Foxconn’s climate goals compare with Fast
Retailing’s? Limit response to 100 words and use your
most recent information, including databases and searching

online. Model Embellishment ratio
7. How does VakifBank and Saudi Aramco compare in

terms of their climate policy’s end target status? Limit ChatNetZero MLAZah L
response to 100 words and use your most recent information, ChatClimate ().3340.34
including databases and searching online. GPT () A5+ 28
8. How does Reliance Industries and Emaar Properties Gemini 06140 3%

compare 1n terms of their climate interim targets? Limit ]
response to 100 words and use your most recent information, Coral ().2340).30
including databases and searching online.

Table 2. Embellishment ratio — non-factual

. . . . statements over total number of statements
Figure 3: Domain-specific questions posed to each LLM generated.

for evaluating factual accuracy of responses.

Source: Hsu, A., Laney, M., Manya, D., Zhang, J., Farczadi, L. Evaluating ChatNetZero, an LLM-Chatbot to Demystify Climate Pledges. Review copy of pre-print:
https://openreview.net/pdf?id=MmTaM7Imvu.



energy per response (Jjoules)

Climate-Al applications must consider environmental footprint
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Mixtral 8x22B(_)
Al's data centers consume ~4.4% of all US
uistral rarge €Nergy but could consume as much as 22% of
electricity by 2028.

Llama 3.1 70B These centers typically use electricity that's
® 48% more carbon-intensive than the U.S.
average.
e Training Al models only accounts for 10-20% of
0 Ny Al's energy use. Most comes from prompting or
parameters (billions) Inference

Data Source: https://ml.energy/leaderboard; MIT Technology Review (2025). https://www.technologyreview.com/2025/05/20/1116327/ai-energy-usage-climate-footprint-big-tech/.



Climate-Al applications must consider environmental footprint

(kWh)
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e Domain-specific (smaller LLMs)
have lower energy consumption
than generic models

eAgentic models are much more
energy intensive

e« ChatNDC's agentic
hallucination check is 61%
faster, but uses 25x more energy
than ChatNetZero's non-LLM
algorithm

Data Source: Data-Driven EnviroLab and Arboretica, in prep.



Climate-Al applications must consider environmental footprint

Average energy consumption (kwh)
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e With the same input length,
ChatGPT produces about 2.6
times more output and uses
about twice the energy.

e Even though ChatNetZero's
Input is over 600 times longer
than gpt-4o0-mini, it still shows
lower average energy use.

Data Source: Data-Driven EnviroLab and Arboretica, in pre

p.



Jevon’s Paradox: Rebound effect of increasing Al and energy usage

Cost of tokens

$100
$80

...........

>

Elastic
Demand

16 14
Jevon's Paradox

Use of Al

Source: Image credits: https://medium.com/enrique-dans/how-deepseck-provides-a-perfect-example-of-the-jevons-paradox-fd89125033ac; Tasos Katopodis/Getty Images for Friends of the Earth



Trustworthy climate Al must have humans in the loop

Custom, norms, religion Human-in-the-loop

design corrects

E Te;:gggrlrc:gricaend =\ Social structure that i Biased -

i o~ are cn:;;:li l:; social i ~ :ed pmﬁg;

E Policies and regulations i Biased dstabase . .

K infzstuctur I 5 For just, equitable Al usage for

| SR climate, human involvement is
Individual and collective knowledge and perspectives for e S S e n t | a | = frO m d |Ve I"S e d a t a a n d

epistemic web

community input to transparent
oversight - so we avoid harms like
algorithmic redlining, where biased
models reinforce existing inequalities
instead of solving them.

Sources: Debnath, R., Creutzig, F., Sovacool, B. K., & Shuckburgh, E. (2023). Harnessing human and machine intelligence for planetary-level climate action. npj
Climate Action, 2(1), 20; Bottom image: Santo, W.L. (2023). Algorithmic neighborhoods. https://ephemera.medium.com/algorithmic-neighborhoods-91alead887e2.



overnance systems for Al needed so climate Al tools can be trusted

Standards Sectors About ISO Insights & news Taking part Store Search Q |=]

ISO/IEC 42001 :2023 ISO/IEC 42001:2023

Information technology — Artificial 1 9 9
intelligence — Management system CHF
e Language
Published (Edition 1, 2023) ; o 1
Read sample Sl guerhe id nl
E g The Algorithm Register
orma
O PDF + ePub . =i
Pana I Home Algorithms Organisations Dashboard @® Language: English v
Add to cart
o P - Please note: The algorithm descriptions in English have been automatically translated. Errors may have been
AVErt Swi ran: IF CUrrenc’
onvert swiss francs RERSOATAreY introduced in this process. For the original descriptions, go to the Dutch version of the Algorithm Register.
Go to Dutch language
L -
The Algorithm Register of the Dutch government

- * * * Find one of the 1099 algorithms
State of ﬁf:ﬁ (arolina *x ok [ adtat v [ e
GOVERNOR

Artificial
September 2, 2025 * |nte||igence *

EXECUTIVE ORDER NO. 24 View the 3 most recently changed algorithm descriptions

ADVANCING TRUSTWORTHY ARTIFICIAL INTELLIGENCE THAT BENEFITS ALL Act > Selecting voters | Municipality.of Noarduwik About this register
NORTH CAROLINIANS * * T B In the Algorithm Register of the government, Dutch government
WHEREAS, anificial intelligence (“Al™) iz a transformational and rapidly evolving i i . i . : i - - Fre o c .
teshnology impacting countless facets of North Carolinn's econory and communities - presenting Facial comparison - identity verification tool at municipal counter | organizations publish information about algorithms that they use
extraordinary opportunitics and new risks for North Carolinians; and Municipality of Zutphen in their work. The register focuses on impactful algorithms

o ) p ; (including high-risk Al systems) and gives the visitor insight into
Carolinians by effectively and responsibly deploying Al and

WHEREAS, the State of North Carolina is committed 1o better serving all North * * *

) [: a[bDl l|”5‘ -0 1N} ICJDEI'I!)- O' Iil‘-'f sU .
LAI-INeiel mmill .._..,|,.__._. P IRy S PRIV o] | ith D‘ f ?
WHEREAS, the Governor is committed to ensuring that all North Carolinians benefit from

the growth and use of Al; and Or browse all algorithms Register your algorithm.

WHEREAS, Al presents transfommative opportunities to enhance govemment operations
and drive economic growth; and

WHEREAS, North Carolina is committed to fostering innovation, advancing Al-driven
industries, and preparing its workforce for the evolving technological landscape and is uniquely
paesitioned 10 achieve these goals &5 a top stme for business and a national hub for world-class
academic and training instilutions; and

WHEREAS, the responsible and ethical deploymemt of Al is essential to ensure
transparency, accountability, and the protection of civil libertics in government operations and
decision-making; and

WHEREAS, the Governor affirms that the civil rghts, privacy, and security of all North

Carolinians are paramount as use of Al expands in our economy, schools, health care systems, Sources: ISO/IEC 420012023y hitps: Zalgeritmesoverheidnl/enutm -seurce=chatgpt.com; NC Governor's Office. https:/governornc.gov/executive-order-no-24-advancing-trustworthy-artificial-inteligence-benefits-all-north-carolinians/open
government, and daily life; and




THANK YOU!

We’ve launched a new Center for Climate Leadership and
Al-driven Integrity in Mitigation (CLAIM). Sign up for our
newsletter to stay up to date:

ddl@unc.edu
datadrivenlab.org



