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Abstract

Most of the world’s climate action policies are planned and implemented at the
local level, through city and regional climate action plans (CAPs). To assess global
progress in climate mitigation and adaptation, as in forthcoming assessments such
as the 2027 IPCC Special Report on Climate Change and Cities, we need systematic
ways to track and analyze these plans. However, CAPs are dispersed across thou-
sands of jurisdictions, vary widely in structure and format, and are often difficult
to access. We propose a standard CAP ontology, and a retrieval- and extraction-
oriented pipeline that leverages recent advances in natural language processing
(NLP) and information retrieval (IR) to transform CAPs into a structured, verifiable
dataset of climate policies. As a case study, we focus on California, where more
than 260 local governments have published one or more CAPs since 2006. We
develop an annotated benchmark dataset of 17 San Diego County CAPs with over
1,800 extracted policies and associated attributes. Unlike prior efforts that rely
on small annotated corpora or industry-specific disclosures, our system explicitly
grounds every extracted element in its underlying PDF, ensuring transparency
and reducing hallucination in the produced dataset. Addressing these challenges
will enable large-scale comparative analyses of CAPs across jurisdictions world-
wide, supporting policymakers, sustainability officers, and hazard managers, and
accelerating climate adaptation and mitigation efforts.

1 Introduction

Climate action plans (CAPs) represent a growing class of gray policy literature: lengthy, heteroge-
neous PDFs produced by local governments that encode critical commitments for climate mitigation
and adaptation [Gandhi et al.,|2024]. Their diversity in format, terminology, and availability makes
them difficult to retrieve, parse, and analyze at scale. Sample CAP pages illustrating this heterogeneity
are shown in Figure[AT] highlighting challenges for automated information extraction. Despite their
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policy importance, CAPs remain largely inaccessible to large-scale comparative analysis, creating an
opportunity for natural language processing (NLP) to have real-world impact.

We propose a pipeline that combines agentic web retrieval with grounded information extraction
(IE). Using headless browsing, our system autonomously navigates local government websites to
surface CAPs that are often unindexed by search engines and unavailable to conventional scraping.
Once retrieved, CAPs are transformed into structured datasets through IE methods designed for
ecological validity: outputs are directly useful to policymakers and sustainability officers, while every
extracted element is linked back to its source passage in the PDF to ensure verifiability and reduce
hallucination.

From a research perspective, CAPs present unsolved challenges that make them an ideal testbed
for advancing NLP and IR. Retrieval must operate over dispersed, poorly indexed sources where
precision—recall trade-offs have tangible consequences. This extends work in the direction of
automatic dataset collection, as inMa et al.| [2025]]. Information extraction is necessarily multimodal,
an area of active development, especially for vision-language models (VLMs, e.g. [Wang et al.| [[2024]],
Liu et al.|[[2024])). Evaluation must account for cases where multiple annotations are equally valid,
especially when policies are represented in tables or expressed in ambiguous spans. Addressing these
challenges directs progress in web-based agentic IR and document-focused work in NLP towards
gray policy literature domains and produces actionable tools for climate governance.

Novel contributions:

* CAP Ontology We develop a nested structured ontology that allows for standardized
representations of CAPs across jurisdictions (Figures[AZ] [A3).

* Agentic retrieval of unindexed policy documents: Using headless browsing, our system
automatically navigates county and municipal websites to surface CAPs that are generally
not indexed by major search engines and inaccessible to basic scraping protocols.

* Grounded extraction for policy trustworthiness: Every extracted policy element is
explicitly linked to its source passage in the PDF, reducing hallucination and enabling
practitioners to verify outputs.

* Ecological validity and practitioner utility: Our dataset design emphasizes outputs that
are directly useful to sustainability officers, hazard managers, and policymakers, rather than
optimizing only for academic benchmarks.

 Calibrated evaluation thresholds: Conventional metrics (e.g., Cohen’s kappa) assume
rigid annotation consistency, but CAPs often admit multiple valid extractions. We propose
evaluation methods that reflect practitioner-relevant agreement standards.

2 Proposed Approach

Our pipeline for extracting structured information from Climate Action Plans (CAPs) has three
primary components: (1) web retrieval of dispersed PDF documents, (2) large language model (LLM)-
based information extraction with grounding in source passages (Figure [A4), and (3) evaluation
through human annotation and agreement analysis (Figure[A5).

Web Scraper. CAPs are often buried deep in municipal or county government websites and often
not indexed by search engines. To systematically collect them, we employ Selenium-driven headless
browsing to autonomously navigate and capture PDF documents. Metadata such as jurisdiction, pub-
lication year, and plan version are stored alongside each document, enabling transparent traceability
and jurisdiction-level comparisons. As future work, we plan to integrate agent-based web navigation
tools [Ma et al.| 2023} [Huang et al.| 2024].

Information Extraction Task. The core of our approach is an LLM-based extraction pipeline that
processes CAPs at the page level. Earlier versions of our system used a text-only unimodal approach,
where we used the Adobe Acrobat API to convert PDFs into structured HTML and JSON, which
were then processed with OpenAl models and other LLMs. While this is a common approach in
document-based NLP, we found that the lack of multimodal processing rendered model results highly
inconsistent. Our current implementation instead renders page images and passes them to OpenAl’s
multimodal models, prompting them to extract policy statements and associated attributes (Figure[A3).



This variability in extraction accuracy reflects open questions in document-based NLP in how best to
process multimodal content [Deng et al., 2024].

Policies are represented using an ontology of nested fields that we developed in consultation with
climate policy experts (Figure[A2). Each record consists of a root policy and associated attributes,
including: policy description, sector (e.g., transportation, buildings, waste), target year, quantitative
GHG reduction goal, cost allocations (residential, private-sector, municipal), and co-benefits (e.g.,
equity, resilience, public health). Extraction is explicitly grounded: every attribute is linked to the
original text span, table cell, or figure icon in the PDF. This allows practitioners to verify system
outputs and ensures transparency in downstream analyses.

A key technical challenge is the length of documents and the nesting structure of policies within CAPs,
which often contain hierarchical “goal-approach—action” relationships spread across documents that
often exceed 100 pages in length. To address this, we are experimenting with windowed page contexts
(e.g., combining two consecutive pages) and hierarchical labeling schemes. We are also developing
strategies for handling CAP-specific iconography (e.g., cost or benefit symbols, Figure that
define attributes remotely within the document.

Evaluation. To ensure both accuracy and ecological validity, we evaluate our system against a
human-annotated benchmark of 17 San Diego CAPs with over 1,800 labeled policies. Labels were
created using Label Studio, with multiple annotators tagging the same documents to assess agreement.
In addition to standard metrics, we compute inter-annotator reliability (Cohen’s «, Krippendorff’s «)
to quantify the inherent ambiguity of policy texts. Evaluation of the LLM outputs is then performed
relative to this annotated benchmark, with attention to both span-level overlap and attribute-level
correctness. We also assess trade-offs between precision and recall to reflect the practical needs
of policymakers: in some applications, high coverage of policies is preferred even at the cost of
additional noise, whereas in others strict precision is critical.

3 Expected Outcomes and Impact

Our proposed pipeline will deliver outputs of both immediate practical utility and long-term research
value. By making local CAPs and climate action policies accessible, structured, and verifiable, we
will enable new forms of comparative analysis and decision support.

Website. We will build a public-facing website that allows users to interactively explore climate
action policies. Users will be able to query policies by sector, timeframe, cost, or co-benefits,
and immediately view the corresponding passages in the original CAPs. This grounding enhances
transparency, reduces the risk of hallucination, and builds practitioner trust in Al-derived policy
databases. A screenshot of the prototype interactive website is shown in Figure [A7]

Database. The structured policy database will expand over time from our San Diego benchmark set
to encompass all California CAPs and eventually U.S. and international plans. Each policy entry
will include attributes such as sector, emissions reduction targets, timeframes, responsible entities,
co-benefits, and costs (public and private). Linking structured attributes back to the original text
ensures accountability and provides a foundation for reproducible research.

Downstream Analyses. The resulting dataset will allow comparative, quantitative analysis of
local climate governance at unprecedented scale. For example, our pilot analyses reveal notable
trends in California CAPs (Figure [A8). For example, over time, CAPs have placed increasing
relative emphasis on adaptation alongside mitigation, suggesting a growing recognition that projected
warming thresholds require both strategies (Figure [A9). Metrics of CAP quality, e.g., fraction of
populated attributes per policy by CAP, are positively correlated with community wealth, suggesting
disparities in local government capacity and resources for climate planning (Figure[AT0). These kinds
of insights are directly relevant to forthcoming efforts such as California’s Fifth Climate Change
Assessment and the IPCC Special Report on Climate Change and Cities [[PCC, 2024, and illustrate
the potential of NLP to illuminate equity and effectiveness in climate policy.

4 Conclusion

By coupling retrieval, grounded information extraction, and calibrated evaluation, our system will
transform scattered, heterogeneous local climate action plans into structured, verifiable datasets. The



resulting tools will support policymakers, sustainability officers, hazard managers, and researchers
in evaluating and improving local climate action, helping accelerate both mitigation and adaptation
worldwide.
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Appendix

4.2 Building Cogeneration

Measure C: Promote Building Cogeneration for Large Commercial and Industrial Fa
Deleted in CAP Amendment No. 1

Goal: Promote building cogeneration for large commercial and 2035 Reduction: N/A|
industrial facilities, with the goal of producing 6.9 MW.

asure ish a Community

oice Energy Program

Present to City Coundil for consideration a Community Choice Energy program that increases renewable electrciy supply.

Target
Year

Performance Metric

GHG Reduction
Potential (MTCOze)

This Measures will no longer result in significant GHG reductions due to the high renewable electricity
content associated with SDG&E’s RPS and the CEA CCE.

4.3 Single-family, Multi-family, Commercial, and City
Facility Efficiency Retrofits

[Launch a CCE Program with renewable slecticity sources as a percentage of overal energy supplies equal

2020 o or greater than the current percentage of renewable electricty provided by SDGE! and 80% custormer -

participation.

19,465

2030 _[100% renewable electicily supply and 80% customer paricipation.

CAP RE-2: i Homes to install Solar

Measure D: Encourage Single-Family Residential Energy Efficiency Retrofits

Goal: Encourage single-family residential efficiency retrofits with | 2035 Reduction: 7,986 MTCOze
the goal of a 50 percent energy reduction compared to baseline

in 30 percent of the total single-family homes citywide by 2035

(approximately 10,000 single-family homes out of a total of

35,000).

Actions:

D-1:  Publicize available incentive and rebate programs, such as SDG&E'’s Residential Energy Efficiency
Program, on the city’s website and by other means. (Short-term)

D-2: Create a citywide “Energy Challenge,” similar to the Department of Energy’s Better Buildings
Challenge, to promote cost-effective energy improvements, while having residents and building
owners commit to reducing energy consumption. (Short-term)

D-3: Implement and enforce Title 18, Chapter 18.30, Section 18.30.190, mandating energy efficiency
measures in existing residential buildings undergoing major renovations. (Ongoing)

Require 1) New single-famiy homes to install atleast 1.5 W solar per square feet (e.g., 2,000 sq. t. home = 3 kW) or minimum 2 kW per
home; 2) New mult-family homes to instal at east 1 W solar per square feet (e.g., 000 sq. ft. home =1 kW) or minimum 1 kW per unit,

fo install solar PV systems, unless the installation is impracticable due to poor solar resources.

Target N GHG Reduction
Year GOk ELL D Potential (MTCOze)

2020 _|instal 400 W (0.4 MW of sola photovolaics on iew hornes. 1

2030 Install 1,000 kW (1 MW) of solar photovoltaics on new homes. 6142

CAP Measure RE-3: Req Buildings

Systems

‘Adopt an ordinance requiring installation of solar photovoltaic systems on 1) all new commercial buidings, including the commercial
porton of mixed-use projects, 2) commercial building additions that increase total roof area by at least 2,000 sq. f. or alterations with
a permit value of at least $1,000,000 that affect at least 75% of gross floor area, unless the installationis impracticable due to poor

solar resources or other phyicial constaints, as approved Director of Development Services:

Target
Year

Performance Metric

GHG Reduction

2020 | Not applicable. Measure revised as part of 2020 interim CAP update.

Potential (MTCOz0)

2030 |Install 2.7 MW of solar photovoltaics on new and retrofitted commercial spaces. 989

City of Carlsbad 2020, p.46

‘Supporting Measures for Goal 2.1

« Develop RFP and allocate funds for CCE Technical Feasibility Study.

« Expand and implement a Green Buiding Incentive Program to increase the instalation o solar PV, solar water heating at homes and

businesses.

 Faciltate homeowner and business owner financing of

systems by expanding PACE

« Educate homeowners and businesses about incentive programs offered by SDG&E, CSE, and others in the region.
« Consider the purchase of Renewable Energy Credits (REC), f needed, to achieve fo achieve 100% renewabe electicty supply in
2030.

The CAP goals for installation of residential /
photovoltaics (PV) on existing homes in Del Mar
are 0.7 MW of PV by 2020 and 1 MW of PV
installed by 2035”. For reference, we may assume
that a typical residential PV system is 3 kW, so
reaching the goal of 1 MW capacity by 2035
would mean that 333 homes in Del Mar will have
installed a residential PV system by that time.
This will represent approximately 18 percent of
all single-family homes in Del Mar by 2035.

= Work with SDGAE to reach 100 percent  FRSMITTEEINERIRNTRTE T T
of households with targeted educational
and marketing materials (e.g. website or ~ GHG Reduction Potential (2020) 237 MTCOze

e-blast) GHG Reduction Pofential (2035) 504 MTCOze
Work with SDGE to enroll Del Mar's top  pcasures E1LE2, B3, E4

10 energy users in an energy
benchmarking program Co-Benefits Q
Facilitate the permit process for 25

percent of planning or building applications for solar projects by 2020 (beyond state
requirements)

City of Encinitas 2020, p.51

30 Target
0% renewable or GHG-free
power for al SOCP customers in
the Gity of San Diego

\ 2030 GHG Reduction 035 Targ
Tcoze) 100% énewe of GHG e
power for 1 SDCP customers in ) B

| 2035 GHG Reduction
\ (M CO2e)

the City of San Diego

Measure 2.1: Citywide Renewable Energy Generation

Feasibility of Actions
Stakehokderacceptabilty case potential
999 29 929 929
Potential for Equitable Implementation of Actions S“P'“’D "‘5:‘““"‘“ . et s o
evlo inancal support proggams o centize sclar on mufamly
Community benefits Community Addresses buildings, providing financial benefits o tenants and families within
& burdens
99 7 99 Develop fnanclsupprt programs o ncentize depoymen of buldin:

Core Benefits:

@

i timomy ey

Actions
Partner vith SDCP toincrease customer adoption of 100% renewable
energy supply.

codes, while engagingresidents and other stakeholders n th process,

new poliies o incentive programs.

energytechnologies o facitate local reneable energy resource
loyment.

Deploy advanced renewable energy technologies (e batery energy
storage systems, microgrids,etc) at municpal facilies to demonsrate
feasbly.

Leverage muricipa facltes to establsh community solar and microgrid
solutions when taifs allo.

small
landscape owners to ransition o electic equipment,

City of Del Mar 2016, p.35

City of San Diego 2022, p.52

Figure Al: Example pages from four San Diego County CAPs (Carlsbad, Del Mar, Encinitas, and the
City of San Diego). CAPs vary widely in format, with information often presented in nonstandard
tables, using symbols or icons whose definitions appear on other pages or chapters, making automated

information extraction especially challenging.




Tag Sub-Tag Definiti Example

Mitigation Quantity Quantity of GHG reduction quantitative (60, 500), qualitative (high, medium, low), other
Mitigation Unit Unit of GHG reduction mtCO2e, tons of carbon, other

Mitigation Type GHG type co02, methane, n2o, hfcs, pfcs, sf6, nf3, other

Mitigation Emitter Source of GHG emmisions concrete, industrial plant, tailpipe, other

Mitigation Sector Sector of GHG emissions reduction vehicles, industry, waste, agriculture, land use, buildings, other
Mitigation Context Context of emissions during peak hours, in cold weather

Adaptation Hazard Hazard addressed heat, drought, flood, wildfire, sea-level rise, other

Adaptation Quantity Quantity associated with hazard quantitative (60, 500), qualitative (high, medium, low), other
Adaptation Metric Metric associated with hazard trees planted, acres treated, acre-feet of water saved, other

Policy Time Frame Target date 2030, 2040, 2050, already achieved, other

Policy Implementing Agency Responsible for implementation state government, city department of public works, air quality board
Policy Mechanism Policy type requirement, mandate, ordinance, plan, incentive, education program
Policy Funding Funding mechanism tax, bond, grant, fee, general fund

Policy Cost Cost of policy quantitative ($1 million), qualitative (low, moderate, high), other
Policy Benefit Benefit of policy quantitative ($5 million), qualitative (low, moderate, high), other
Policy Co-Benefits Supplementary benefit public health, cost reduction, green jobs, other

Policy Reference Reference document Assembly bill 32, CARB scoping plan, IPCC AR6

Figure A2: A simplified representation of our ontology for structured representation of CAP policies.
The ontology organizes policy information into top-level tags (e.g., Emissions Reduction, Adaptation,
Time Frame, Benefit, Cost, etc.) with sub-tags, definitions, and representative examples. A hierarchi-
cal design enables consistent extraction and comparison of heterogeneous policy elements across
jurisdictions. By explicitly defining attributes such as hazards, quantities, co-benefits, and emissions
reduction metrics, the ontology provides both machine-actionable structure and practitioner-relevant
interpretability, bridging the gap between natural language text and standardized policy datasets.



Prompt:

"You are an expert in climate policy.

For the following image, extract the nested tree structure of measures,
actions, goals, policies, strategies.

—— Include only spans that appear in the image, without modification.

—— Only Extract spans that appear in the text.

—— Do not extract any other spans that do not appear exactly in the text.
—— Do not modify or combine spans."

Ontology:

from pydantic import BaseModel

fr i import ti 1
HORRtYRAROR HERHLEOPEIonS class Duration(BaseModel):

start_date: str
class SpanCluster(BaseModel)

label: str
label_description: str

end_date: str
length_of_time: str

i elapsed: bool
spams: Listlstrl in_progress: bool

still_needs_to_be_initiated:
class Clusters({BaseModel):

lust : list lust
LD e T class ClimateHazard(BaseModel):

primary_impact: list[str]
class Mechanism(BaseModel): . .
secondary_impact: list[str]
education_outreach: bool X X X
tertiary_human_impact: list[str]
mandate: bool . .
exposure_subpopulation: list[str]
incentive: bool ) X
exposure_geographic_area: list[str]
disincentive: bool .
severity_area: list[str]

lunt tion: bool
veTuntary_action o0 duration: Duration

tax: bool
lation: bool

regutation: boo class GHGEmission{BaseModel)

fee: bool N

emission_source: list[str]

emission_type: list[str]

quantity: str

unit: str

objective: list[str]
compliance: list[str]
action_description: list[str]
authority: list[str]

target: list[str]

duration: Duration
emitter_stakeholder: list[str]
affected_by_emission_stakeholder: list[str]

Figure A3: Illustration of the extraction setup for policy text. The prompt instructs the model to
identify nested structures of measures, actions, goals, policies, and strategies directly from the text,
enforcing exact-span fidelity. To structure responses, we provide the model with a JSON schema
derived from our ontology (excerpt shown). This schema specifies classes (e.g., Mechanism, Duration,
ClimateHazard, GHGEmission) and their associated attributes, ensuring that extracted policies are
represented consistently and with explicit links to mechanisms, timeframes, hazards, and emissions
data. By constraining output to this ontology, the system produces machine-readable representations
of policies while retaining their hierarchical and semantic relationships.



i
"doc_id": "cap_measure_e6_example",
“page": 1,
"policy": {

Hriafty HE=E,

"title": "Income-Qualified Solar PV Program",

"description": "Facilitate installation of small-scale on-site solar PV
systems on income—qualified housing by promoting state programs and
collaborating with GRID Alternatives."

}r
“hierarchy": {

“"existing_efforts": [

"SASH program: 24 new affordable housing units by People’'s Self Help
Housing.",
"Collaboration with GRID Alternatives on outreach and eligibility."

]l

“implementation_actions": [

"E-6.1: Outreach via GRID Alternatives to developers and homeowners.",
"E-6.2: Promote solar incentives from the California Solar Initiative
(SASH, MASH)."
]
}r
“"attributes": {
“"emissions_reduction®: {
"quantity": 87,
SnaE MG 02e s
“"sector": ["Buildings", "Energy"l,

"emitter": "Residential electricity (avoided via rooftop PV)"

}l
“"cost": {
“"public": "Very Low",
"private": "None"
}l
"benefit": {
“"public": "None",
“"private": "Medium"
}r
"co_benefits": [1]
}l
“provenance": [
{ "field": "emissions_reduction.quantity”, "anchor": "GHG Reduction
Potential: 87 MT C02e" },
{ "field": "cost.public", "anchor": "City Cost: Very Low" },
{ "field": "benefit.private", "anchor": "Private Savings: Medium" },
{ "field": "policy.title", "anchor": "Measure E-6: Income-Qualified Solar PV
Program" }
]r
"status": "model_pred",
“model_meta": {
“"source": "vision+layout pipeline",
“"created_at": "2025-08-20T00:00:002"
}
}

Figure A4: Mock Docling output. Example of structured JSON representation for a climate action
plan policy (Measure E-6: Income-Qualified Solar PV Program), showing extracted attributes
(emissions reduction, costs, benefits), hierarchical policy structure (existing efforts, implementation
actions), and provenance links to the original text.



Climate Expert 1 Climate Expert 2 OpenAl GPT-40

= E5.6: Dosignate one week per year 0 conduct a fenawable energy oulreach = E5.6: Designate one week per year 10 conduct a fenewable energy oulreach = E55: Dosgnate one wook per yoar 10 Conduct & fenewable energy outroach

campaign targeting a speciic group. The campaign week can also be used 1o campaign targeting & specifc group. The campaign week can also be used o campaign targeting a speciic group. The campaign woek can also be used 10
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Measure E-6: Income-Qualified Solar PV Program Measure E-6: Income-Qualified Solar PV Program Measure E-6: Income-Qualified Solar PV Program

GHG Reduction
Potontiat

Faciltate the instalation of small-scale on-site solar PV Faciltato tho_instalation of smal-scale_on-sito solar PV Faciltate the instaltion of smalkscale on-sie solar PV potwntor
on'income-qualfed housing unis. by promoting toms on income-qualied housing units by promoting w1hiT coe " systoms on income-quaiied housing unia by promotin (LRI 7 0.0
existing programs offered through the California Solar existing programs offered through the California Solar ity Cost existing programs offered through "" California  Solar

Iniiative and New Solar Homes Partnership and by Initative and New Solar Homes Partnership and by oyiow] Inkiative and New Solar Homes Partnership and by

collaborating with organizations, such as GRID Alternatives, collaborating with organizations, such as GRID Alternatives, iy oo Cotboraing i segmanione, s o8 OB
on outraach and aligibily. on outreach and algivily ngs: o outreach and eligiiny.
Exising and/or Gompieted Efforts in Support o Measur: Exstng anclor Completed Efors in Supportof Moasuro: private Cost ‘Exsting andor Completed Eforts in Support of Moasuro
= The Single Famly Affordable Solar Homes (SASH) = [The Single Famiy Aftordable Solar Homas (SASH) ® The Sige Famiy Afordable Solar (sasH
G PR R oA Py S a4 B o e 1 syt ot e | rivate Savings: Proggam wll be Intiaing sclar PV sysiems on 24 new
affordable_hausing_unis_which are_currenty under { affordable. housing unis which are. currenty under | Madum fordatlehousing unis 0 currenty under
Gonstucton by Peopl’s Sai Help Housing. consiruction by Peopl’s SelfHelp Housing." sub_sction constructon by People’s Sef Help Housing.
Implementaion Actons: Imptomentation Actions: Implemontaton Actons
=/ E:61: Continue to colaborate with GRID Aematives andior other communiy = [E6.1: Coniinue o colaborale wih GRID Aleiaives andior oiher communiy = [E4.1: Contine 1o colaborale wih GRID ARemaives andor oiber commundy
cganzaions o rove rgeted odiaion an outszc o doloprs and [6rganization 1o prowie targetededcaion and foutiseoh o davalopee ‘and oganzatons 10 provdo targeted educaton and oureach 10 developers. and
offerd through the SASH Program and. the homeonners about incentives  offered through the SASH Program and the homeowners about incontves ofered hiowgh the SASH Program and. the
Wiy Alerdabe Solor Homes (4ASH) Proga. Mulitamiy Afordable Soar Homes (MASH) Program Muttamey Aflorgatie Solar Homes (MASH) Prograr.
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Figure AS5: In addition to the 17 San Diego County CAPs, for which all policies and attributes
were manually extracted, a subset of pages from other California CAPs were annotated in Label
Studio to evaluate model performance. Shown here are three examples: two annotated by climate
experts and one by OpenAl GPT-40. The two human annotators produced notably different label sets,
underscoring the need to calibrate performance thresholds rather than relying on fixed values from
the literature, which may not be appropriate in this context.



ACTION INVESTMENT BENEFITS TIMEFRAME

The policies, Household or business investment \ The greenhouse gas on Near-term
programs, icons indicate that the action may I' emissions reduction indicates that lhe action is = Next 0-3 years
ordinances, or require investments to be made by . potential icon indicates highly feasible technically, (2020-2023)
other general community members and/or local GHG that the action has the Feasibility politically, and socially
steps that will businesses. Emissions potential to directly under current conditions. id-term
be taken to S reduce greenhouse gas = Next 4-9 years
meet the goal. o b B x::,:;" emissions. ’f‘ The equity icon indicates (2024.20;9)

HIGH ~ MODERATE  LOW -ﬁ that the action could

>$15K  $IK-$15K < $1K “ The public health icon \..) enhance equity within the Long-term

indicates that the action  Equity community. = 10 or more years

Public investment icons indicate that could enhance public (2030-2045)

the action may require investments Public Health  health. The leadership icon

to be made by the City of Albany indicates that the action

and/or other state and regional The resilience icon has high potential for

agencies. Lnn!lcates that the action Leadership Albany to be !nno\mhve end

P .z 3 uilds community demonstrate its leadership

8848 aé a8 Resilience _ resilience to climate in climate action.
HIGH MODERATE LOW change impacts.

>$250K $25K-$250K < $25K
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Goal 1: Decrease environmental impacts of municipal purchasing.

ACTION INVESTMENTS BENEFITS TIMEFRAME

3.1.1 ||[Update, simplify, and implement the municipal Sustainable Procurement Policy. An updated Sustainable

rocurement Policy would prioritize improvements for the highest emissions reduction impact purchasing
decisions within eac1 department, rcludinglvehicle and fuel Jand low-carbon concrete.

Goal 2: Promote the development of a low-carbon economy.

ACTION INVESTMENTS BENEFITS TIMEFRAME

Approach: Mandate and encourage waste reduction.

3.2.1 | Partner with StopWaste to develop and adopt an g requiring for dine-in
and sustainable take-out foodware. This policy would reduce a sig| ource of single-use plastics ahd

igh-carbon materials used in Albany. Adoption is planned fol llowing completion of the draft
[[ordinance afd associated Environmental Impact Report.
[32.2 | Workregionally to support and facilitate food donation programs. Eood donation programs reduce the
amount of healthy, safe food that goes to waste and redirects it to those in need.

32.3 | Promote food waste reduction and low-carbon food choices, Partner witf) StopWaste to launch an outreach
campaign that educates the Albany community about eating lower down on the food ch ide

infort er impact, nutritionally equivalent foods, reducing food waste, and composting food
scraps| The City ill work with local schools and other institutions to encourage low-carbon food choices.
3.2.4 When negotiating a new franchise agreement for solid waste and recycling, include i i i ‘

to incentivize waste reduction that could impa pstream consumer habits. Franchise requirements could

include in-County sorting facilities a\temanve fuel trucks, increased educational programs, pay-as-you-
throw or every-other-week collection, and other innovative strategies that reduce overall waste, recycling,
and compost volume and influence upstream consumer behavior.

(5 %

Approach: Reduce el ns embodied '0ods and materi

s to encourage carbon-smart b ing materials. s includes

" architects, designers, and contractors. This action would enable and promote carbon-sequestering building - =
‘ materials in new construction and renovations. Ultimately, this action could lead to requirements for the Iﬁlﬂl I IQ Near-term
disclosure and/or limit the embodied carbon emissions of buildings through whole-building or material-

specific policies.

32.6 | Adopt voluntary green building tiers. Adopting|CALGreen voluntary tiers|can promote efficient and 'l o) E 'l '—"'I 3l

el —
||| Near-term

sustainable development.
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Figure A6: Example from the City of Albany Climate Action and Adaptation Plan illustrating CAP-
specific iconography. Policy attributes such as costs, benefits, and co-benefits are encoded with icons
(bottom, p. 45), whose meanings are defined remotely elsewhere in the document (top, p. 35). This
highlights a key multimodal extraction challenge: text-only methods cannot recover these attributes,
whereas multimodal approaches must link icons across pages to correctly capture policy information.
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Text

‘Adopta hybrid work schedule/virtual meeting policy.

Expand transportation offerings such as e-shuttles within the community (including sct Solana B

, California
Electrify school buses Solana Beach, California
Electrify school buses Solana Beach, California
Increase Electric Vehicles and Electric Vehicle Charging Infrastructure Solana Beach, California

Electrify school buses Solana Beach, California

residents and businesses.

Implement energy efficiency measres. Solana Beach, California

Implement energy efficiency measures. Solana Beach, California
Electrify school buses Solana Beach, California

Electrify school buses Solana Beach, California

Policy Details

Electrify school buses

Implementation

Attribute

Time Frame

Emissions Reduction

Attribute Text
Source Transportation
Unit MTCO2e
Timeframe 2035

Source Transportation
Quantity 1,002

Quantity 1,002
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Figure A7: Streamlit prototype website for exploring structured CAPs. The application enables
users to browse extracted policies (top left), filter by locality, year, and page, and view structured
attributes. In this example, selecting “Electrify school buses” from the Solana Beach CAP reveals
implementation timeframes and emissions reduction quantities (bottom left). The right-hand panel
displays the source PDF with highlighted spans corresponding to extracted attributes, providing
explicit grounding and allowing users to verify outputs directly against the original document.
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Figure A8: Jurisdictions in California with and without CAPs as of 2022, colored by a CAP “quality
metric.” Cities (census-designated places) and counties with CAPs are shaded according to the
average fraction of policy attributes populated (e.g., sector, implementing agency, cost, emissions
reduction, co-benefits), while jurisdictions without CAPs are shown in gray. Insets highlight the
Bay Area and Los Angeles regions. The figure shows no clear geographic pattern in CAP quality,
suggesting that differences in plan completeness vary jurisdiction by jurisdiction rather than clustering

CAP Quality Metric by Jurisdiction
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spatially.
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CAP Adaptation Metric by Year
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Figure A9: Temporal trend in the share of adaptation policies in California CAPs. Each point
represents a CAP, with the adaptation metric defined as the fraction of its policies classified as
adaptation rather than mitigation. Classification was performed by prompting GPT-40 to label policy
descriptions as “adaptation” (e.g., wildfire defensible space), “mitigation” (e.g., home electric vehicle
charging incentives), or “both” (e.g., tree planting for sequestration and heat reduction). The fitted
regression line shows a modest but steady increase in adaptation focus over time, suggesting that
local governments are devoting increasing attention to climate impacts alongside emissions reduction.
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CAP Quality Metric vs Per Capita Income
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Figure A10: Relationship between CAP quality and community wealth. CAP quality is measured as
the average fraction of populated attributes per policy (e.g., inclusion of sector, responsible entity,
cost, emissions reduction, and co-benefits). Per capita income is shown on a log scale. The positive
association indicates that wealthier jurisdictions tend to produce more complete and detailed climate
action plans, suggesting disparities in local government capacity and resources for climate planning.
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