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Abstract

A central goal of carbon (C) management and a critical outcome of sustainable land stew-
ardship is reducing greenhouse gas (GHG) emissions from agriculture, forestry, and other
land uses. Integrating GHG considerations into management can take many forms, but
C credit markets are increasingly providing sources of private capital to offset the often
high costs of stewardship. In Hawai’i, participation in voluntary C credit markets and
the establishment of jurisdictional compliance C markets are constrained by a lack of
institutional capacity, successful demonstrations, and high-quality data, making private
capital for C market-based approaches in Hawai’i difficult to access. The State of Carbon
in Hawai’i Hui (hui translates to partnership in ’Ōlelo Hawai’i, the Hawaiian language)
convened landowners, researchers, federal and state government professionals, and for-
profit and not-for-profit organization staff to better understand limitations to implementing
C management in Hawai’i. This paper describes why the State of Carbon in Hawai’i Hui
was formed, how we planned for, hosted, and assessed the success of a C-focused summit,
and what outcomes resulted from this process. A Pathway Forward document, a decision
support tool, and this article are outcomes. These products will serve as resources for those
considering Hawai’i-based forest C projects, as well as contributing towards the legislated
goal of reducing greenhouse gas emissions in Hawai’i. Our knowledge exchange process
is readily replicable and can support a variety of efforts in environmental conservation
and beyond.

Keywords: afforestation; peer learning; reforestation; voluntary and compliance C markets

1. Introduction
1.1. Background

Hawai’i’s native forests are threatened by a range of global changes [1] including
invasive species [2], wildland fire [3], pests and disease [4], and climate change [5]—all
combining to make the cost of natural and working land stewardship in Hawai’i among
the highest globally. Carbon (C) markets, including compliance and voluntary C markets
(the latter, VCMs), are viewed as potential mechanisms for generating additional revenue
streams for supporting conservation and restoration efforts in Hawai’i [6]. The C that
accumulates on a property under a formal project with proper enabling conditions and
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certification can result in the issuance of carbon credits, which generate revenue for project
developers or landowners and can be used to help offset management costs. Benefits of
C market participation also include reductions of atmospheric greenhouse gases, which
can help the state of Hawai’i achieve the legislated goal of limiting statewide greenhouse
gas (GHG) emissions to at least 50% below 2005 levels by 2030 [7].

In the past decade, significant work has been invested into understanding C stocks,
inputs, and losses at the scale of the state of Hawai’i [8]. While strategically useful for
constructing source and sink budgets for state GHG inventories, translation of this coarse
resolution knowledge into forms needed to inform operational-scale C market considera-
tions for private landowners has lagged. In addition, the knowledge exchange mechanisms
for C management between private landowners and researchers have been limited, which,
together with data limitations, compromise efforts to bring C-focused sustainability science
to practice.

Prior to the formation of the State of Carbon in Hawai’i Hui (SCHH) in 2022, represent-
ing major landowners, top reforestation vendors in Hawai’i, and most of Hawai’i’s leading
C-focused scientists, there were no formal C management communities of exploration-
focused practice providing C-focused knowledge to landowners with the goal of informing
operational scale practice. In response to this gap, we established a professional work-
ing and learning network to organize and share C-focused information with landowners
across forest sectors. We were especially interested in the intersections of C markets, mea-
surements, policy, economics, intellectual capacity, and enabling conditions. This paper
describes the development of the SCHH, the summit organized by the SCHH, and future
actions for expanding the network of beneficiaries of this C-focused knowledge exchange.
Hawai’i is a small state with a strong network of conservation professionals, allied by an
underlying land ethic for sustaining natural and cultural resources. The aim of sharing this
case study is to provide an example and a potential roadmap for others wishing to develop
knowledge exchanges to address complicated environmental issues.

1.2. Context
1.2.1. Intention

Native Hawaiian perspectives on sustainability and sustainable stewardship practices
emphasize a relationship with and responsibility to ’āina, translated literally as “that which
feeds” and which encompasses land, sea, and humans [9]. The abundance that Native
Hawaiians rely on for their livelihoods results from careful stewardship, not accidents
or luck [10,11]. This careful stewardship thrives on spiritually grounded relationships
that define ’āina, including meaningful and reciprocal interactions among humans and
non-humans [12]. These perspectives and practices also align broadly with Indigenous
cultures worldwide but differ from Western colonial models grounded in commodification
of resources and maximizing resource availability for consumption. Supporting Indigenous
and community-led stewardship promotes the strengthening of cultural practices that
emphasize mutual respect and care for humans, plants, and animals [12,13]. In recognition
of the reciprocal relationships defining ’āina, the overarching need to enhance ecological
and human wellbeing, and a responsibility to ancestral communities, this paper focuses on
intentional actions taken to restore Hawaiian ecosystems, support the creation of biocultural
abundance, and sustain local subsistence practices, which include physical and spiritual
elements. The SCHH is committed to implementing and honoring Native Hawaiian
stewardship practices and therefore engages both traditional and contemporary sources of
knowledge about forestry and agroforestry, centering work on the holistic socio-ecological
benefits of C sequestration [14].
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1.2.2. Need

Many landowners are challenged by diverse environmental, ecological, and social
threats to the natural and cultural resources they steward. In Hawai’i, forests are the
dominant terrestrial vegetation type [8,15] and their ecological and evolutionary processes
have been well studied [1]. Forest types in Hawai’i encompass a broad range of envi-
ronmental conditions spanning wide gradients in both rainfall, from dry to wet forests,
and temperature, from lowland to subalpine systems [15]. Hawaiian forests can vary
greatly in their biomass and structural complexity [8,16,17]. The role of Hawaiian forests
in sustaining biodiversity, watershed function, and ridge-to-reef health are central drivers
for their conservation and management [1,18,19]. A significant feature of Hawaiian forest
ecosystems is that the total number of native species is low [17] but the number of endemic
species that have very specialized niches is high [20]. The two species most significant to
C management in Hawai’i are Metrosideros polymorpha (’ōhi’a) and Acacia koa (koa). Both
species are mesic and wet forest canopy dominants and are important in forestry and
restoration [21–24], but both are impacted by pests and disease. In recent years, Rapid
’Ōhi’a Death caused by a Ceratocystis fungal pathogen has led to localized but devastating
declines of M. polymorpha on Hawai’i Island, with impacts to biodiversity and ecosystem
services, including C storage [4,25]. Acacia koa is strongly impacted, especially at lower
elevations, by Fusarium wilt [26]. For both species, active disease resistance programs
have been identifying putatively resistant genotypes that hold promise for restoration and
forestry applications [26,27]. Koa is also a valuable timber [26]. Given these ecological
concerns but also opportunities, the SCHH was established to accelerate conservation
through an exploration of C management approaches in other US states.

The State of Hawai’i does not operate a compliance market, nor does it have ready
access to one, making VCMs Hawai’i’s only near-term market option. The SCHH focused
on taking a deeper examination of VCM practices and opportunities for subsidizing stew-
ardship while supporting the state of Hawai’i’s GHG emission reduction goals. The VCM
approach was assessed and viewed as being more achievable than a State-administered
C offset market based on the Hawai’i GHG Sequestration Task Force Report: Feasibility
and Implications of Establishing a Carbon Offset Program [28]. Specifically, this report exam-
ined the potential for Hawai’i to operate a C offset program that is sustained through
production of real, quantifiable, permanent, enforceable, verifiable, and additional C off-
sets. Identified barriers included costs of the offset crediting process, the potential loss of
offsets once they are sold, the likely low revenue generated for the State of Hawai’i, and
currently low government institutional capacity for program administration. By building a
C-focused knowledge exchange, the SCHH support a community of practice focused on
creating the enabling conditions for sustainable forest C management in Hawai’i utilizing
carbon markets as a tool. Through this lens, we evaluated data, policy, and capacity limi-
tations to compliance markets, C tax, and VCM strategies to secure C credits to support
land stewardship.

1.2.3. Approach and Rationale

Hawai’i has invested strongly in knowledge exchange-based approaches to address-
ing threats to native ecosystems, including the Pacific Fire Exchange [29] and the Pacific
Drought Knowledge Exchange [30]. Elements of effective knowledge exchange include
providing practitioners with improved and timely access to (1) locally relevant informa-
tion for stewardship, (2) comprehensive information of high-quality, (3) extension and
technical assistance resources, and (4) collaborative knowledge exchange and knowledge
co-production [30]. Hawai’i does not currently formally support compliance or tax-based
strategies for managing C, nor does Hawai’i formally support practitioners with state or
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country extension service resources to achieve the development and implementation of for-
est C projects via VCM-based strategies. To remedy these deficiencies, this paper highlights
how the SCHH has: (1) synthesized information on the processes, policies, and technologies
underpinning compliance market and C tax-based approaches to assess their relevance for
Hawai’i; (2) engaged nationally recognized subject matter experts to further understand C
management options for Hawai’i; (3) developed learning opportunities for the application
of VCM-driven forest C projects in Hawai’i; and (4) established a knowledge exchange
and community of practice to address the continuously evolving nature of C management
and markets.

Initial planning meetings identified: (i) a lack of data needed to support the measure-
ment of C stocks and their change over time; (ii) a limited understanding of the economic
opportunities that can result from C management; (iii) a limited policy environment rela-
tive to some continental US (CONUS) states; and (iv) a lack of experience in assembling
the enabling conditions required for sustaining vibrant participation in C markets. The
SCHH quickly identified the additional need for a gathering to bring different experts
and shareholders together towards the goal of utilizing C market opportunities to sup-
port conservation efforts in Hawai’i. During the initial stages it was unclear if Hawai’i
could support a state legislated compliance market-based approach or whether VCMs
were the only feasible option for meeting the financial needs of landowners. Consequently,
the SCHH planning team directed time and resources to understanding VCMs, existing
compliance markets, and tax-based strategies for C management in Hawai’i, including:
(i) recruiting CONUS and Hawai’i-based subject matter experts with the sectoral and in-
stitutional knowledge needed to support effective participation in C markets; (ii) hosting
a summit to convene existing players in C markets; and (iii) post-summit knowledge
exchange discussion and summarization.

2. Materials and Methods
2.1. Pre-Summit Planning
2.1.1. Overview

During an introductory meeting in December 2022, the SCHH recognized that to
facilitate C market participation for landowners in Hawai’i, numerous enabling conditions
needed to be identified and understood. A summit was identified as an effective approach
for knowledge exchange and idea generation because the SCHH represented important
potential players and knowledge producers in the C space, had the standing to convene
potential stakeholders and invited experts, and had the capacity and resources to structure
an 18-month process and a three-day gathering, during which summit planning and
implementation could happen. In particular, the SCHH understood that planning for
a summit would require a structured process for developing the expertise required to
implement a useful event. Within the first few months the SCHH confirmed that C market
applications should rely on ’āina-based solutions, which the SCHH describes as nature-
based solutions that explicitly engage human communities and their wellbeing while
advancing biocultural diversity in Hawai’i. To build comprehensive technical capacity,
SCHH members led a series of synthesis- and discussion-focused internal seminars on
(i) past and current forest C projects in Hawai’i, (ii) forest C finance, (iii) C tools and
technologies, (iv) voluntary C markets, and (v) C policy. These sessions focused specifically
on the application in Hawai’i. Representing university and federal researchers, state agency
professionals, for profit and not-for-profit professionals, and large private landowners,
SCHH members brought expertise in measurement, policy, financial markets, social science,
forestry, planning, and biocultural stewardship.
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2.1.2. Forest Carbon Projects in Hawai’i

This seminar reviewed past and present C projects in Hawai’i, other available types of
forest C projects not yet practiced in Hawai’i, methodological considerations, and primary
accounting rules and standards. Reviewed project types included Afforestation, Reforesta-
tion, and Revegetation (ARR), Improved Forest Management (IFM), and Avoided Con-
version (AC). Common standards reviewed include the Verra/Verified Carbon Standard
(VCS), the American Carbon Registry (ACR), and the Climate Action Reserve (CAR)—each
relying on one or more methodologies per project type. Updates on two Hawai’i pilot
projects were shared: The Nature Conservancy’s 1400 ha Kona Hema Forest Carbon Project
(IFM) and the State of Hawai’i’s 180 ha Ola Hou Project (ARR). This seminar highlighted
that, based on experiences in Hawai’i and nationally, both ARR and IFM have the potential
to be applied in Hawai’i.

With ARR projects, the focus is on deliberate interventions to facilitate natural forest
regeneration via direct (e.g., planting trees, broadcast seeding) and indirect (e.g., ungulate
exclosures) activities. With IFM projects, the focus is on modifying existing management
practices to increase forest C sequestration and/or avoid emissions (e.g., reduced har-
vest, reduced impact logging, extended rotations). Non-forest lands (<10% canopy cover;
not cleared of trees in the 10 years prior to the project start date) are eligible for ARR
project enrollment. For Hawai’i, this project type is relevant as un-used / under-utilized
grassland/pasture areas and degraded native forests could be transitioned into native-
dominated forest. Forested land (>10% canopy cover; not cleared of trees during the
10 years prior to the project start date) are eligible for IFM project enrollment. A benefit
of IFM is the opportunity for immediate credit issuance and revenue; however, there is
uncertain applicability in Hawai’i as the relevant landscapes likely would be limited to
active timber producing koa forests and koa plantations. There was group consensus that
ARR projects would likely be the focus of VCMs in Hawai’i given the much larger land
area available for restoration-driven reforestation. There was also interest in identifying
financial mechanisms for IFM projects focused on restoration of invaded forests, which are
currently not eligible for VCM certification.

Standards and methodologies that focus on co-benefits include Verra’s Climate, Com-
munity, Biodiversity Program; Plan Vivo Standard v5.0; and Social Carbon SCM0006:
Methodology for the Conservation of Areas of Biodiversity Importance. Co-benefits are an
attractive option to pursue for Hawai’i-based stewards because of high endemism rates
within the Hawaiian flora, highly coevolved plant–animal interactions, the high number of
federally listed threatened and endangered species, and the strong cultural value of forest
resources [1]. Further co-benefits can be integrated during the project development phase
to secure a higher credit premium. However, biodiversity credits are still an emerging but
generally not yet available market opportunity. As a result of this seminar, the SCHH de-
veloped a shared baseline of knowledge on the diversity of C market registries, associated
benefits and weaknesses, and applicability to Hawai’i.

2.1.3. Forest Carbon Finance

The SCHH identified a need for improved understanding of C finance mechanisms,
as market considerations hinge on available capital. Support for VCM participation is
high in Hawai’i, including formal attention by the Hawai’i Governor’s Greenhouse Gas
Sequestration Task Force. Furthermore there is strong interest in supporting projects that
rely on native species and generate social benefits in particular. Scoping, designing, and
implementing VCM projects has been challenging in Hawai’i because of the lack of a
community of practice, supporting industry professionals (e.g., project developers, techni-
cal experts), established buyers (e.g., corporations, seed capital investors, philanthropic
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funders, individuals), and capacity within government institutions (e.g., state oversight
bodies, C and forestry focused extension). Further, there are high costs of management and
reforestation per unit of land, which limits both the viability of small projects and financial
capacity to scale to large projects.

Understanding the short- and long-term trends for forest C project investment to
build landowner confidence was the focus of this seminar. To this end, SCHH prioritized
the exploration of ex-ante/pre-compliance credits, which are based on predicted changes
in C storage, with sequestration being an anticipated result of the project. Such funding
support for upfront start-up costs can overcome a barrier to participation in a forest
C project. Few C standards provide ex-ante/pre-compliance credits to participants, but
one example is C streaming, which includes an upfront deposit with rights to future credits
and additional payment per-credit when credits are sold. Off-take agreements for credits
were also discussed, where through contract, buyers agree to purchase a portion of future
C credits from a C developer before they are produced. Other funding sources examined
include the Carbon Offsetting and Reduction Scheme for International Aviation (targeting
airlines), investment portfolios (e.g., retirement funds, endowments), philanthropy, and
federal and state incentive programs (e.g., USDA Natural Resources Conservation Service
Regional Conservation Partnership Program). As a result of the seminar, SCHH identified
the following priorities related to forest carbon finance: buyer and broker outreach to
inform sale price and the appetite for upfront, off-take or long-term sales agreements;
policy advancements through passage of Act 96 of 2025 (often called the “Green Fee”); and
financial mechanisms such as low interest loans and revolving loan funds to address the
high costs of reforestation in Hawai’i.

2.1.4. Tools and Technologies

This seminar focused on remote sensing as a central tool for reducing the costs of
forest C mapping. Ground-based surveys are time and labor intensive and their extrapo-
lation to landscape scales is less accurate relative to “wall-to-wall” remote sensing-based
approaches [31]. Remote sensing also has reduced per unit area costs, especially when
ground-truthed against available ground-based surveys (e.g., USDA Forest Service Forest
Inventory and Analysis data). Fortunately for Hawai’i, fixed-wing light detection and rang-
ing methods for C mapping in tropical ecosystems have been pioneered in Hawai’i [32–34].
Published growth and yield data are critical to C projects as they provide realistic C stock
projections for project registration. However, growth and yield data for Hawai’i’s primary
forest species are lacking, in part because common native species occur over such large
gradients in rainfall and temperature [1].

2.1.5. Voluntary Carbon Market

This seminar focused on trends, challenges, and the potential of VCMs to provide
market-based solutions to the incentivization of C management. VCMs operate as decen-
tralized markets selling emission offset credits, certified according to registry standards and
derived from carefully designed projects. VCMs emerged in the 1990s but have a limited
representation in Hawai’i because of high upfront costs, limited “economies of scale,”
growth and yield data gaps, financial returns that are difficult to model, and known and un-
known environmental risks. Globally, there have been criticisms over lack of transparency
and oversight, which has led to C offsets of varying quality with impacts on credit value in
the marketplace. The SCHH appreciated these concerns, especially regarding additionality
baselines, avoided leakage, and the international approval of Article 6 of the COP26 Paris
Agreement in 2021. Hawai’i suppliers are in a position to deliver high-quality removal cred-
its that are paired with a variety of biodiversity and hydrology co-benefits. Further, many
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of the standards have strengthened their methodologies, for example through third-party
integrity initiatives (e.g., the Integrity Council for the Voluntary Carbon Market (ICVCM)).
VCM credit pricing is driven by buyers and so SCHH identified the need for Hawai’i
to develop high-quality projects that generate interest and trust. With proper education,
technical assistance, and high-quality marketing, Hawai’i landowners should be able to
attract higher paying purchasers.

2.1.6. Carbon Policy

This seminar engaged jurisdictional-scale C policies for supporting forest C projects,
including federal and state policies (Federal Executive Orders EO14008, EO14057, and
EO14072) and landmark federal legislation (Bipartisan Infrastructure Law and Inflation
Reduction Act, 2022), the latter having allocated billions of dollars to climate-related actions.
The seminar also engaged: definitions for offsets, credits, and registry; state-level policy
case studies (Hawai’i Climate Change and Clean Energy Goals, Act 15 and 16 Session
Laws of Hawai’i, 2018); and the 2019 Hawai’i GHG Sequestration Task Force Report on
the Feasibility and Implications of Establishing a Carbon Offset Program for the State of
Hawai’i. Carbon market and policy structure examples from Michigan, Minnesota, and
California highlighted a diversity of jurisdictional approaches. Examples from Michigan
included both state (Michigan Department of Environment, Great Lakes, and Energy) and
non-profit (The Nature Conservancy) C market outlets. The 2022 Minnesota Climate Action
Framework provides an example of how C sequestration can align with state goals, with
Minnesota’s first sale via the Minneapolis-based urban tree C offset program [35]. In con-
trast, California relies on a portfolio of policies and programs that fulfill the state’s climate
objectives, including California Air Resources Board (CARB) programs that influence land-
based management via the Cap-and-Trade Compliance Offset Program, which provides
allowances to polluters, with each subsequent year seeing a reduced cap on allowances.

3. Results
3.1. Summit
3.1.1. Summit Planning

The first 15 months of meetings informed the content development of the First Annual
State of Carbon in Hawai’i Hui Summit (17–19 January 2024), while the last three months
led to the design of the three-day summit, which included a field day across Acacia koa
management sites, and two days of subject matter expert panels, breakout sessions, and
large group share outs. Logistics were organized by SCHH co-leads and authors Natalie
Kurashima (Kamehameha Schools) and Stephanie Dunbar-Co (Hulili Consulting), and days
two and three of the summit were professionally facilitated by Breanna Rose (BR Strategies,
Limited Liability Corporation). The agenda was designed to include four conference-style
panels of experts followed by breakout workshop sessions, followed by large group share-
outs to provide attendees with more intimate, direct, and structured opportunities for
content engagement and integration.

The summit planners focused on reviewing needs, intentions, and approaches so that
the format would result in opportunities for all participants to hear insights and provide
feedback. Early in the planning process, SCHH decided that the summit would be made
invite-only, with invitations sent to individuals with relevant expertise and experience
to address the specific gaps in knowledge previously identified by SCHH. This included
practitioners, landowners, and researchers working in conservation, forestry, policy, and
remote sensing and who represented federal and state government, not-for-profit and
for-profit organizations, and the private sector in Hawai’i, as well as C science, market,
and develop experts from outside of Hawai’i. Significant effort was made to right-size
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the summit with respect to sector representation, knowledge and experience redundancy,
and desired size of our facilitated large group/breakout group process. We also tried to
invite known collaborators with a history of advancing innovative ideas into practice. The
combination of Hawai’i-based experts and visiting leaders in C measurement, management,
investment, and policy allowed for synergistic cross-fertilization throughout the summit.

3.1.2. Summit Day 1: Field Day

The field day at Kamehameha Schools’ Keauhou lands in the district of Ka’ū served as
an orientation to the summit that allowed participants to meet each other and to experience
the ethical framework developed and adopted by the planning team. This day also provided
participants with an opportunity to learn about the long history of Native Hawaiian
stewardship and restoration at Keauhou as well as the more recent (~50 year) evolution of
koa silvicultural practices across land that is a model for forest management, afforestation,
and experimentation. Organizers hoped that this orientation would help participants
more intentionally engage the summit while also grounding the importance of summit
intention and success. The group started in the Kı̄lauea Forest, an important example
of an intact native wet forest ecosystem, where participants joined in Native Hawaiian
protocol including oli kāhea (literally, “a chant to call out”) to ask the forest for permission
to enter. After several moments of silent observation, focused on the sounds of birds and
rustling leaves and becoming aware of and grounded in that place, participants entered
the forest and followed a path several hundred meters into the forest where participants
encountered very large koa trees, numerous threatened and endangered plant species, and
some of Hawai’i’s endemic forest birds. This initial stop allowed participants to visualize a
healthy ecological benchmark and carry that visualization into the workshop. From there,
we visited one of Hawai’i’s earliest koa afforestation efforts from the 1970’s that included
scarification for koa regeneration across hundreds of acres and then a time series of annual
koa plantings that happened between 2006–2024 (Figure 1) which developed the modern
koa silviculture prescription that has informed reforestation around Hawai’i. Hosts shared
about design, prescriptions, stand management, monitoring, reforestation challenges and
opportunities, and other lessons learned.

 

Figure 1. Field site visited during the State of Carbon in Hawai’i Hui Summit, where participants
spent the first day in the field at Kamehameha Schools’ Keauhou, Ka’ū Forest. Here, participants
learned about silvicultural trials with Acacia koa, where managers tested different approaches to
site preparation and planting density, as well as different genetic sources of koa. Globally, Acacia
koa is recognized as a premier timber species for musical instruments and fine woodworking, but
this species also holds enormous cultural and ecological importance in Hawai’i. Its fast growth,
capacity to fix atmospheric nitrogen and return organic nitrogen to the soil, and ability to compete
with non-native species also make this tree ideal for restoration work including restoration efforts
that integrate carbon-focused objectives.
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3.1.3. Summit Day 2: Information Sharing

Days 2 and 3 of the summit were held in Hilo at the ’Imiloa Astronomy Center on
the University of Hawai’i campus, and began with kı̄paepae, a Hawaiian cultural prac-
tice for setting foundations, intentions, welcoming individuals into a new space, and
understanding and connecting with the spirit and the environment with focused energy
(https://hawaii.hawaii.edu/i-ola-haloa/kipaepae; accessed on 22 March 2026). A kuahu
(altar in Native Hawaiian cultural practice) was created and adorned with kinolau, or plant
representations of Hawaiian deities [36], bringing sacred forest elements [12] into the con-
ference room and serving as a visual reminder of our responsibilities to ’āina and the larger
stewardship purpose of the gathering (Figure 2).

 
Figure 2. Participants in the State of Carbon in Hawai’i Hui Summit started the second day of the
summit building a traditional altar of Hawaiian cultural practice—called kuahu, which is adorned
with kinolau, here plants that are the manifestations of different akua, or Hawaiian deities. Building
and adorning of the Kuahu provides participants the opportunity to learn about Hawaiian cultural
practices and perspectives on the ecological world (akua are often understood as life sustaining
ecological processes).

Following the kı̄paepae, the first presentation, titled ’Ōiwi Intelligence and Our Climate
Future, focused on the value of bioculturally grounded restoration, with participants
learning that C management goes beyond landscape restoration, economic returns, and
conservation to also include biocultural innovation that centers work on caring for ’ohana
(family) and ’āina. The main point was that stakes and risks are high, but risks should
be managed so innovators have the freedom to fail and try again, living the ’ōlelo no’eau
(Hawaiian wise saying) maka hana ka ’ike (knowledge comes by doing). Emphasizing
“how we will do this, not how we can do this,” the speaker directed participants to orient
their mindset towards definitive action, rather than nebulous possibility. Following the
opening presentation, participants were provided with organizers’ intent and an overview
of goals for the summit. Then, the summit moved into three presentations focused on:
project development using Verra’s ARR methodology; performance benchmarking; and
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methodological flexibility to accommodate new technologies, including remote sensing
applied to determine baseline C values and track changes. The widely used [37] biomass
equation for tropical forests was not developed with forest species found in Hawai’i, which
motivated the capture of Hawai’i species data in quality allometry studies (e.g., [17,31,32]).
An important identified feature for expanding projects included Verra’s scaling option,
which would allow projects over time to add land provided the additional lands meet
project criteria. A similar protocol feature was described as allowing landowners to combine
individual projects into a single multi-owner project, thereby increasing economies of scale
and creating more opportunities for participation by small landowners. Community
outreach and knowledge sharing through storytelling were identified as ways to keep
stakeholders informed on changes to project compliance expectations or new methods that
reduce costs.

The next session featured a panel on science and technology alignment with Hawai’i’s
existing tools, which addressed tools and technologies available for quantifying forest C
in Hawai’i. Challenges associated with Hawai’i’s unique biodiversity and CONUS-scale
gradients in climatic and edaphic conditions were identified as complications, but also as
opportunities to develop a Hawai’i-specific process. Through deliberations, lower elevation
areas of windward Hawai’i Island were identified as ideal for C projects—these geographies
are warm and wet, significant C work had been focused on these areas, and the community
of scientists in Hawai’i were primed to fill data gaps. Specifically, this geography has been
the focus of decades of C research, including forest inventory and analysis [38,39], inte-
gration of on-the-ground plot measurements, the development and use of species-specific
allometric relationships to estimate biomass, and application of plane and space-based
light detection and ranging to map C standing stocks across larger landscapes [8,33,40,41].
Ground-truthed wall-to-wall data products were identified as optimal, even while multiple
sources of uncertainty propagate through underlying calculations, including the limited
availability of site and species-specific allometries and ground-truthing that can happen
for only a tiny fraction of the mapped landscape. The effects of diseases like Rapid ’Ōhi’a
Death were identified as adding complexity to C projections, making tolerable uncertainty
price points higher for Hawai’i projects, even while remote sensing now allows for more
accurate estimations of canopy height [32].

Biodiversity credits based on this societally valued conservation co-benefit are an
emerging market of interest to the SCHH, with forest-focused tools such as plane-based
hyperspectral imaging spectroscopy (pioneered in Hawai’i; [42]) providing baseline data,
but market options are limited, valuation protocols uncertain, and, where scaled products
do not exist, securing needed data would add complexity and offsetting costs to a forest
C project. C finance was identified as a mechanism for supporting other resource stew-
ardship outcomes such as: fuel thinning, especially as required by insurance; fencing and
ungulate removal; and invasive plant management. Integration of these actions represents
a challenge because rigorous ecological baseline assessments required for project bene-
fit calculations may show greater accumulation of C via invasive species growth in the
baseline than the treated project case. If the control of invasive plants reduces C storage,
then the resulting calculations would reflect these losses. Soil C was also highlighted as
a large component of the forest C budget in Hawai’i [41], though internationally it has
rarely been incorporated in C market projects and so represents a research need and a
potential sequestration opportunity. Following the panel, participants were assigned to
discussion tables to process shared information on how Hawai’i could incorporate learning
into successful forest C projects.

The afternoon session featured presentations on Enabling Conditions Across Scale:
Government, Markets, and Landowners; the California Air Resources Board (CARB) cap-
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and-trade experience; the design and implementation of the CAL FIRE Greenhouse Gas
Granting Program; C credit opportunities via IFM (e.g., delayed harvesting); and allocation
of state-legislated climate mitigation funds to low-income practitioners. Panelists addressed
and breakout groups discussed cap and trade system mandates and incentivization for
sequestration as well as the rigor but also constraints associated with strict protocols. For
California, these constraints have resulted in offsets making up a very small percentage
of the state’s emission reduction portfolio. In considering a jurisdictional approach to
C management for Hawai’i, participants identified a lack of: formal institutional capacity;
legislative inexperience with regulatory C markets; and expertise with designing, im-
plementing, and managing offset programs within a compliance market. In subsequent
discussions, VCMs were identified as practical solutions to incentivizing C projects in
Hawai’i because of strong enabling conditions (a strong knowledge exchange culture in the
natural resources and fast tree growth), even while upfront costs and decadal gaps between
project implementation and revenue generation represent constraints.

An American Carbon Registry (ACR) speaker addressed their capacity to support
C projects in the following arenas: (i) administration; (ii) review of methodology, design,
and implementation quality; (iii) documentation and reporting; and (iv) participation with
cap-and-invest programs. While no Tribal members were in attendance, experts with Tribal
experience shared that Tribal VCM projects could provide potential lessons for Native
Hawaiian VCM efforts, including integration of climate mitigation into the reestablishment
of cultural practices, reaping co-benefits such as the harvesting of bioculturally important
subsistence and commercial resources and the return of ancestral lands. Additional support
included advice on (v) project size and economies of scale; (vi) grouping small ARR projects
(e.g., <200 ha) to benefit small landowners with aggregated projects, resulting in econom-
ically feasible project sizes (e.g., >2000 ha for ARR or >4000 ha for IFM); (vii) strategies
for stratifying projects across heterogeneous landscapes; and (viii) the role of voluntary
registries in attracting philanthropic funding. Following the panel, participants moved into
self-selected breakout groups (Figure 3).

 

Figure 3. Participants in the State of Carbon in Hawai’i Hui Summit were facilitated by Breanna
Rose (co-author), who asked participants to engage in smaller groups to examine specific topics,
identify needs, and develop actionable approaches for advancing carbon-related topics in Hawai’i.
Each breakout group would provide a structured summary during large group share out, after which
results would be synthesized and shared back to the entire summit participant group. This approach
was used in the second and third days of the summit and led to collective understanding of how best
to manage carbon through stewardship—content that is captured in this paper.
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The final panel discussion for day 2 addressed models of optimal carbon finance for
Hawai’i, with a focus on upfront payment for future sequestration versus payment upon
delivery of sequestered C. The former is advantageous to landowners who need assistance
covering implementation costs associated with a sequestration practice, whereas the latter,
an industry standard, can result in higher value C credits because credits come with less
risk. It was shared that some buyers, representing patient or green/blue capital, operate
as semi-philanthropic entities, with fund managers seeking rate of return outcomes on
sequestered C but also achieving compelling co-benefits that justify lower returns. Thus,
a critical step in planning for a VCM project is understanding buyer motivations and
connecting buyers with the most closely aligned projects. It was noted that, when buyers
invest up front, they have greater interest in field and monitoring methodologies, risk,
and co-benefits. Because Hawai’i is an important visitor destination with distinct market
advantages, a focus on co-benefits could stimulate interest in supporting forest C projects.
This panel was again followed by breakout groups to discuss challenges, opportunities,
and actions. Day 2 of the summit ended with a final share-out by participants and closing
remarks by organizers.

3.1.4. Summit Day 3: A Pathway Forward

Day 3 relied on breakout sessions designed to identify, elaborate, and design actions
required to achieve the summit’s Pathway Forward goal. The day started with a recap
and key takeaways from day 2 from both the panel and breakout sessions, followed by an
overview of day 3 activities and goals. Participants then moved into self-selected breakout
groups to conduct strengths, weaknesses, opportunities, and threats (SWOT) analysis of
the following topics: pilot projects, data and research, finance, policy, market, and capac-
ity/coordination. Following, a plenary discussion yielded priority actions that participants,
again split into the same breakout groups, used to develop specific, measurable, achievable,
relevant, and time-bound (SMART) objectives. There were two rounds of writing SMART
objectives, with a two-year timeframe in mind, each with plenary share-outs and feedback.
A final plenary discussion evaluated the prioritized SMART objectives and identified next
steps to make them achievable. The summit ended with a recap of what was shared and
what participants were taking with them. Closure of the kuahu brought recognition of
the efforts, ideas, and collaboration that had taken place. A group photo was taken and
participants thanked each other before returning home.

3.1.5. Outcomes

Following the summit, SCHH identified three important products to deliver to partici-
pants: (1) a jurisdiction scale (i.e., state of Hawai’i) Pathway Forward product featuring
strategies for effective, robust, and equitable participation in VCMs; (2) a go–no-go de-
cision support tool to assist Hawai’i-based landowners with assessing the adequacy of
enabling conditions needed to justify investing into a VCM project; and (3) this publication,
serving to capture this 18-month process of information gathering, planning, and holding
the summit.

The Pathway Forward document (Appendix A) pulls directly from the priorities
and SMART goals identified during day 3 of the summit, laying out a framework for
the next two years of work by the SCHH. Clear goal, objectives, and draft action steps
were developed for each of four pillars to guide future investment and coordination by
the SCHH. For example, Pillar IV: Capacity and coordination includes the goal to “Build
and coordinate Hawai’i’s capacity to advance restoration through forest C” and objectives
4.1 (to formalize the SCHH structure and support investment in the native reforestation
pipeline) and 4.2 (to engage in current nursery assessments, assess other critical native
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reforestation needs, and identify synergies and build partnerships and networks to support
reforestation investment based on assessment findings).

The intentional structure of the summit contributed to the high level of participant
engagement, which was assessed using objective process-based indicators. These indica-
tors included participant retention across the three summit days, consistency of session
attendance, and the volume of participant-generated outputs (e.g., co-developed goals,
objectives, and draft action steps synthesized into the Pathway Forward). Minimal partici-
pant attrition within and across summit days suggested that the summit design supported
sustained participation and collaborative input. Informal qualitative feedback further indi-
cated that participants found the structure and facilitation conducive to sustained attention
and dialogue and that the summit contributed to strengthened relationships. Anecdotally,
many participants commented that they could not recall another formal gathering that
held their attention so completely. These process-based indicators and direct participant
feedback have informed continued SCHH implementation activities.

At the summit, participants identified a go–no-go tool as being potentially valuable for
supporting landowner decision-making. The SCHH has developed a draft tool centered on
a flowchart of go–no-go decision points. Points, while broadly relevant, were tailored to the
Hawai’i context, allowing landowners in Hawai’i to understand and sequentially evaluate
enabling conditions as criteria for determining VCM project suitability. Specifically, the
flowchart asks users sequential questions about (1) project size, (2) site characteristics,
(3) eligibility, (4) feasibility, (5) site preparation and planning of activities, and (6) long-term
capacity for management activities. Automated evaluation of responses against threshold
criteria provides users with a rapid evaluation of whether their VCM project concept meets
basic requirements. For concepts that do not meet one or more criteria, the landowner
could use the tool to iteratively modify the concept to better meet criteria deemed essential
for success. In future versions of this decision support tool, the SCHH is hoping to develop
an online user interface that would allow an owner to identify a particular area (choosing
a tax map key or outlining a parcel), which would allow the tool to integrate online data
into evaluation of a VCM project concept including C standing stocks, site productivity,
climate change trends, and fire history. The goal was to integrate projected forest C change
given selections for tree species and management regimes. At the time of publication, the
go–no-go tool remains under beta testing.

Finally, SCHH members and summit participants expressed interest in finding a way
to memorialize the conversations leading up to and during the summit. This article serves
that purpose, highlighting all of the different topics covered and the process taken to
make the summit successful. These outputs were assembled into this publication, with the
intention of benefiting other jurisdictions that are seeking to engage C management.

4. Discussion
Effective knowledge exchange can result in diverse benefits for large audiences [30]

and can be replicated, as occurred with the knowledge exchange process outlined here.
In our case, gathering and engaging passionate individuals operating within a specific
jurisdiction with the help of effective facilitation and structured strategy development
led to a powerful process that overcame limitations to identifying and planning critical
future actions. SCHH leaders, who brought their knowledge and experiences, also served
a role in identifying priority topics, assembling content, shaping the summit agenda,
organizing SCHH meetings, and motivating forward progress. The practice of centering
all voices during the summit and respecting all participants as knowledge holders aligns
with SCHH goals to honor Native Hawaiian perspectives and practices and to build a
cohesive community of practice. In replicating this process for other jurisdictions, we
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encourage taking time to ensure your knowledge exchange space is open and structured in
a way that allows for a welcoming and inclusive environment for both long-standing and
new relationships. We also encourage keeping in mind that the SCHH had moved away
from a more open process with a larger audience, which we felt would make for a less
tractable summit that would have needed to focus much more on educating participants
than SMART-focused problem solving. To this end, the SCHH has benefited greatly from
the contributions of many natural and cultural resource professionals who work in Hawai’i,
from recent arrivals to Native Hawaiians. By having these relationships with ’āina and each
other, our knowledge exchange process provided a space for personal and professional
growth. Many of the relationships amongst SCHH members were cultivated over many
years of collaboration, and, by keeping the participant list focused (some 50 participants and
speakers), we were able to ensure that all who were in attendance had ample opportunities
to share their thoughts, especially in smaller breakout groups of 8–10 individuals.

Stable funding was critical to supporting the process that led to design and implemen-
tation of the summit, and the SCHH was fortunate to have the support of Kamehameha
Schools, which supported the development and facilitation of the SCHH, covered travel
expenses for invited speakers, consulting capacity to organize and synthesize content for
the summit, the cost of the event space, and the contract facilitation costs associated with
the summit. In replicating our approach, planners would need to be aware that consistent
funding is important for achieving the collaborative learning outcomes.

5. Conclusions
There were many needs identified by landowners, researchers, and practitioners as

part of the summit, and these needs were successfully translated into an action agenda. Col-
laborative and interdisciplinary approaches were very helpful in addressing the knowledge
exchange needs identified in the 18-month planning process and helped to open a dialogue
on approaches to problem solving. The inclusion of diverse and focused expert speakers
and pairing these people with Hawai’i-based practitioners, researchers, and community
leaders ultimately led to a stronger set of outcomes. Centering Indigenous and local voices
was intentional and allowed the SCHH to address the diverse approaches to stewardship in
Hawai’i. The effectiveness of the SCHH approach was highlighted in a subsequent summit
(May 2025), approximately 16-months after the first summit, where the SCHH leadership
team and local participants of the first summit were brought back together to: (i) revisit
and refine the Pathway Forward document to support continued action; (ii) create a shared
vision for high-quality carbon projects in Hawai’i; and (iii) foster continued learning and
relationship building with hui members.
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Appendix A
State of Carbon in Hawai’i Hui
2024–2026 Pathway Forward (from summit)
1 April 2024
PILLAR I: HAWAI’I DEMONSTRATION PROJECTS
Goal: Implement and scale successful, high-integrity Hawai’i forest C projects
Objective 1.1: Plant, list, and validate at least one public and one private high-integrity

C project by 2026 with landowners willing to share lessons learned and have the capital to
plant while creating a roadmap to expand forest C projects in Hawai’i.

Draft Action Steps:

1. Support the advancement of the state’s Kahikinui/Nakula forest C project, including
progress toward validation in 2024, to ensure the successful completion of a proof of
concept on public lands.

2. Identify at least one private landowner with the financial resources and willingness
to pilot a C project validated in 2024 and transparently share lessons learned by
early 2025.

3. Facilitate regular learning exchanges for landowners to share their processes and
lessons learned.

4. Explore scenarios to assist with scale, including entities to administer projects and the
feasibility of shared project development and group aggregation.

5. Compile an initial roadmap to expand credits for Hawai’i forest C by 2026 with
templates and guidance for future landowners and partners interested in developing
C projects, including opportunities for scale.

PILLAR II: DATA AND RESEARCH
Goal: Advance Hawai’i-specific data, tools, and methods for C management.
Objective 2.1: Issue a technical report on forest C data needs, opportunities, and

methodologies in a Hawai’i context and launch a data pilot by 2026 that develops Hawai’i-
specific tools and methodologies.

Draft Action Steps:

1. Organize a sub-group in 2024 Q1 to draft a scope of work for the technical report and
identify in-house and/or external support needed. Report considerations include
existing data, current initiatives, gaps, and needs, including monitoring co-benefits.

2. Climate-specific growth and yield data for koa and ’ōhi’a and the opportunity model
(notionally an additional, phased scope of work).

3. Opportunities for other Hawai’i C pools (e.g., other vegetation types, soil).
4. Oversee the scope of work implementation for the report development, review, and

release with the Hui members and external support, as needed.
5. Utilize the results to help address Hawai’i data gaps, such as improved underrepre-

sented data for Hawai’i with the Forest Inventory and Analysis (FIA; Smith 2022 [38];
Tinkham 2018 [39]).

6. Layer data pilots onto early Hawai’i C projects [with remote sensing] to help determine
aligned “Hawai’i C methods and protocols” by 2026.

PILLAR III: FINANCE AND POLICY
Goal: Increase financial and policy support to enable restoration and C projects.
Objective 3.1: Market and engage [at least 5–10] stakeholders on advanced buyer

commitments for premium Hawai’i C and identify other public-private revenue streams.
Draft Action Steps:
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1. Develop and implement a social marketing campaign on the premium value of
Hawai’i C and its unique context and story targeted towards the potential buyers and
supporters (e.g., private sector, donors, and legislators).

2. Identify and survey [at least 5] stakeholders on the price point for Hawai’i C.
3. Pitch [at least 5] stakeholders on advanced buyer commitments for the two public

and private pilot projects, messaging Hawai’i’s unique story and co-benefits.
4. Explore other public–private funding mechanisms (e.g., government subsidies, public–

private partnership funds, state grants for early costs, and re-insurance).

Objective 3.2: Build strong legislative support for Hawai’i reforestation and C projects
by 2026 to lay the foundation for strategic state policy and funding.

Draft Action Steps:

1. Determine appropriate legislative and communications strategies for the Hui in 2024–
2026, including engagement processes and representatives.

2. Conduct a policy and barriers assessment at the state and county level by 2026
to identify reforestation and C-related policy opportunities and challenges (note:
consider a legal fellow to sit within DOFAW).

3. Educate legislators to grow support for C policy and state funding, building relation-
ships with [at least two] influential legislative champions by 2026.

4. Identify priority legislation for the Hui and/or its members to support (e.g., long-term
land leases for reforestation with the Department of Land and Natural Resources).

PILLAR IV: CAPACITY AND COORDINATION
Goal: Build and coordinate Hawai’i’s capacity to advance restoration through forest C.
Objective 4.1: Formalize the forest C Hui structure in 2024 and identify how to imple-

ment key needs from pillars 1–4.
Draft Action Steps:

1. Learn from other hui governance models in 2024 (e.g., drought knowledge exchange,
Kua’āina Ulu ’Auamo, Pacific Fire Exchange, Hawai’i Ulu Co-Op, Hawai’i Conser-
vation Alliance) to inform the needs and appropriate future structures for the forest
C Hui.

2. Work with a facilitator to undergo a collaborative network process in 2024 to determine
the Hui’s purpose, name, governance and membership structures, funding, workflow,
and coordination (note: mapping change potential consultant).

3. Identify other critical capacity and staffing needs to further forest C projects and
industry development.

4. Oversee the implementation of three major documents:

Current State of Forest C in Hawai’i (Memorializes the information from the summit).
The 2024–2026 Pathway Forward (this document).
Initial roadmap for landowners to expand Hawai’i forest C (This is also stated in

Pillar 1).
Objective 4.2: Support investment in the native reforestation pipeline.
Action Steps:

1. Engage in current nursery assessments (e.g., DLNR nursery assessment, UH ecosys-
tems extension native plant material survey, USFS assessment of private nursery
capacity) to better understand the restoration pipeline in Hawai’i.

2. Assess other critical native reforestation needs, including workforce development,
vendor development, and fencing costs.

3. Identify synergies and build partnerships and networks to support reforestation
investment based on assessment findings.
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