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Definitions 
Additionality - A criterion for project eligibility defined by registries, which varies by program, 
to ensure the project activity is additional to what would have occurred in a baseline or 
business-as-usual scenario and that the project activity would not have occurred without the 
financial incentive of ecosystem service benefits.  

Allowance - A government-issued permit, equivalent to one metric ton of carbon dioxide, used 
in cap-and-trade or cap-and-invest programs where businesses must calculate and submit 
allowances equal in volume to their annual emissions. In a cap-and-trade program, the total 
number of allowances issued will decline over time.  

Baseline – The baseline is assessed based on the business-as-usual activities, measured in terms 
relevant to the specific ecosystem service market. It is usually defined by the current land 
management regulations and activities. 

Business as usual - The activities that would have occurred in the project area in the absence of 
incentives provided by an ecosystem service market. Methodologies for determining these 
activities—and for approximating stock levels that would have resulted from these activities— 
vary by registry program and project type. 

Carbon offset credit - A reduction or removal of greenhouse emissions from the atmosphere 
that is used to compensate for an equivalent amount of emissions from another greenhouse 
gas-emitting activity occurring elsewhere. 

Carbon stocks - The amount of carbon stored on a per unit area (i.e., acre) basis. 

Credit Period - The period over which a project’s ecosystem service improvements are eligible 
to be verified or confirmed and issued credits. Crediting periods are limited to ensure that a 
project’s baseline remains credible. 

Ecosystem service - the direct and indirect benefits that ecosystems provide humans. 

Ecosystem service credit – a unit used to quantify an improvement to an ecosystem service. It 
varies by ecosystem type, protocol, and registry.  

Permanence - The requirement that greenhouse gases must be permanently reduced or 
removed from the atmosphere for projects to be issued carbon credits. For sequestration 
projects, this requirement is met by ensuring that the carbon associated with credited 
greenhouse gas reductions and removals remains stored for at least a minimum number of 
years defined by the applicable registry. For other ecosystem services, the improvement must be 
considered permanent.  

Project Developer - An organization or individual that registers projects for the purpose of 
generating emission reductions or removals or enhancing an ecosystem service. The project 
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developer may be the same entity as the project owner or may act as a technical consultant on 
behalf of the project owner. 

Protocol - A document that contains the eligibility rules, assessment boundary, quantification 
methodologies, monitoring and reporting parameters and so forth for a specific project type. 
Project protocols are also referred to as methodologies, with the terms used interchangeably 
depending on the registry. 

Registry - An organization that establishes standards for quantifying and verifying ecosystem 
service projects, issues ecosystem service credits and tracks the transfer and retirement of those 
credits in a publicly accessible online system. 

Reporting Period - A discrete period over which a project’s ecosystem service enhancements 
are quantified and reported to a registry. 

Verification - The process of reviewing and assessing all of a project’s reported data and 
information by an accredited verification body, to confirm that the project owner has adhered to 
the requirements of this protocol.  

Verification body - An organization or company that has been International Organization for 
Standardization (ISO) accredited and approved by the applicable registry or CARB to perform 
greenhouse gas verification activities for specific project protocols. 
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Executive Summary 
Washington State has taken proactive steps to address environmental challenges. In 2020, the 
state adopted the Washington State Energy Strategy, which established a goal of achieving net-
zero greenhouse gas emissions by 2050. The following year, the legislature enacted the Climate 
Commitment Act, creating a market-based cap-and-invest program to reduce emissions from 
the state’s largest polluters. In 2024, the state legislature instructed the Washington State 
Department of Natural Resources (DNR) through a legislative proviso (ESSB 5187 Chapter 475, 
Laws of 2023) to develop an ecosystem services inventory and asset plan. This is not a site-
specific project, but an exploratory assessment of what may be possible on DNR-managed 
lands. 

Ecosystem services refers to the range of direct and indirect benefits that natural systems 
provide to humans. These benefits include clean water, air purification, pollination, carbon 
sequestration, flood regulation, recreation, tourism, aesthetic value, cultural heritage, soil 
formation, nutrient cycling, and habitat provisioning. It’s important to acknowledge that many 
ecosystem services have non-economic values that are equally significant. Not all ecosystem 
services can—or should—be monetized, but these dimensions fall outside the scope of this 
proviso.  

To conduct this work, DNR contracted with Greene Economics to review the existing and 
emerging markets for ecosystem services, create an asset plan and inventory, and explore 
potential avenues to monetize ecosystem services on DNR-managed lands. DNR convened a 
Work Group composed of representatives from trust beneficiaries, Tribal governments, forestry 
industry, conservation organizations, experts, and local and state government. The Work Group 
met seven times over 1.5 years to provide input, discuss emerging findings, engage with the 
research team, and provided comments on two drafts of the consultant report. Work Group 
members’ contributions—both during meetings and through written comments—were reviewed 
by the consultants and helped shape the consultants’ work. While the Work Group contributed 
valuable insights throughout the process, there was no expectation of consensus, and members 
do not necessarily agree with the findings or recommendations presented in this report.  

This legislative report summarizes the consultant’s final analysis of the potential for DNR-
managed lands to participate in ecosystem service markets as a way to generate new and 
diversified revenue streams. Eight markets were analyzed: avoided wildfire emissions (AWE), 
regulatory and voluntary carbon, water quantity, blue carbon, voluntary biodiversity and habitat, 
wetland mitigation, and water quality.  While all markets involve various policy, technical, or 
operational hurdles before DNR could feasibly participate, avoided wildfire emissions, regulatory 
and voluntary carbon, and water quantity currently show the most near-term potential. These 
four markets warrant continued evaluation as viable options for DNR. 
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• The AWE market is credit based and quantifies greenhouse gases (GHG) emission 
reductions produced through the implementation of fuel treatments in forests. AWE 
projects involve the strategic placement of fuel treatments to modify fire behavior so fire 
severity and its related impacts on forest vegetation are reduced. This market aligns with 
the DNR’s Forest Health 20-year Strategic Plan and other legislative directives.  Entering 
this market can help pay for forest health treatments that DNR has already planned.   

o This market supports DNR’s goals of reducing catastrophic wildfires. 
o AWE credits could supplement funding for planned forest health treatments. 
o Credit prices could potentially cover over $100/acre of activity costs. 
o The inclusion of Indigenous knowledge and a discussion of traditional treatment 

options historically used by Tribes could provide valuable insights.  
• The regulatory forest carbon market involves the sale of offset credits which represent 

the sequestration of carbon created through changes in forest management. For this 
report, the regulatory carbon market is most applicable to DNR. Possible carbon projects 
are improved forest management (IFM) or reforestation.  Regulatory or compliance 
markets are administered and regulated by governments with certain specific industries 
required to participate.  

o The regulatory carbon market was found to be economically feasible on 
approximately 25,000 project acres of DNR-managed land in western Washington 
for a specific IFM project scenario. This would sequester 1.0 million MTCO2e. 

o Additional analysis at the project level will be necessary to determine if a project 
is economically viable. 

o This analysis still needs to be conducted for eastern Washington. 
• The voluntary forest carbon market operates similarly to the compliance market but is 

private and voluntarily driven. While it does not require governmental or regulatory 
oversight, many agreements involve third-party, independent verification. Instead, it is 
private and voluntarily driven.  

o The voluntary carbon market was not found to be economically feasible for DNR 
based on current market prices.  Prices in the voluntary carbon market can be 
highly variable and more analysis at the project level will be necessary to 
determine if a project is economically viable, which can be done at the same time 
as DNR considers entering the regulatory market.  

o The voluntary market is more flexible than the regulatory market with the ability 
to have shorter project lengths (40 years). 

• Water quantity markets involve the sale or leasing of water and are typically not credit 
based. There are multiple water quantity markets, but the focus of this report is on DNR’s 
water rights and DNR’s ability to lease these rights.  

o This market was found to be the most lucrative of all markets analyzed. 
o It will take significant research to identify what water rights are available for DNR 

to lease.   
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o DNR is not currently leasing water rights separate from land; this internal policy 
may require additional legal review to participate in this ecosystem services 
market. 

Although analysis suggests that many of these markets may currently generate less net revenue 
than current uses, DNR might want to explore them to diversify its current and future revenue 
streams. Additionally, prices for these ecosystem services may continue to increase over time. 
Entering the more promising markets could bolster DNR’s asset portfolio and potentially offer 
additional benefits, such as environmental improvements. 

Blue carbon and voluntary biodiversity and habitat markets are currently too nascent and 
unprofitable to recommend for entry, but DNR should monitor their development, particularly 
locally, as they may become viable in the future.  

Greene Economics researched the water quality market, but discussions with the Washington 
Department of Ecology (Ecology) confirmed it is not a viable option for DNR-managed lands in 
the foreseeable future.  Wetland mitigation was also explored and found to be potentially 
profitable but requires more internal analysis to determine if this is a suitable endeavor for DNR.   

To enter any of these ecosystem service markets, DNR must address several recurring barriers: 

• Legislative authority: DNR seeks clarity on its authority to sell ecosystem service credits 
on state and aquatic lands and may need explicit legislative authority. Without it, DNR 
may only participate indirectly by leasing to third parties, potentially reducing project 
value. Direct sales would allow DNR to retain more benefits. 

• Lease term limits: Current law restricts state land leases to 55 years, with extensions up 
to 99 years. Aquatic lands leases are limited to 30 years on beds of navigable water and 
55 years on state-owned tidelands and shorelands. However, regulatory carbon markets 
and some voluntary protocols require 100+ year commitments. Longer-term leasing 
authority would improve DNR’s competitiveness. 

• Staffing and expertise: DNR specialized staff and additional technical capacity are 
needed to manage ecosystem service projects. Pursuing a specific market, like carbon, 
will require dedicated hiring and training. DNR may need to utilize third-party 
developers to help with most or all parts of project development when first entering a 
market. 

• Upfront investment and delayed returns: Most projects require significant early 
funding and may take years to generate credits. Success will depend on DNR’s ability to 
fund, staff, and manage projects over the long term. 

Given these challenges, it may be wise for DNR to start with a pilot project once the legal 
framework is in place. Despite the steps and initial costs required, ecosystem service markets 
offer both revenue potential and environmental benefits, making them worth pursuing. 
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Introduction 
DNR was established by the Washington State legislature “to provide for more effective and 
efficient management of the forest and land resources in the state” (RCW 43.30.010). DNR 
manages seven specific trusts comprising 2.9 million acres of state-owned uplands to generate 
revenue and preserve forests, water, and habitat. DNR also manages 2.6 million acres of state-
owned aquatic lands, and over 100,000 acres of state-owned, upland natural areas. Together, 
these lands provide a multitude of ecosystem services that include timber production, 
agriculture, carbon sequestration, wildlife habitat, clean air and water, recreation, and cultural 
uses.  

Ecosystem services are the direct and indirect benefits that ecosystems provide humans. Many 
ecosystem services have traditionally been monetized and are now established as industries, 
while other markets for ecosystem services are emerging. This report is focused on emerging 
ecosystem service markets. According to the United State Department of Agriculture (USDA), 
ecosystem services can be broken down into provisioning, regulating, supporting, and cultural 
(refer to Figure 1):   

Provisioning services are any type of benefit to people that can be extracted from nature and 
include food, drinking water, timber, and natural gas, as well as many more. 

Regulating services are the benefits provided by ecosystem processes that moderate natural 
phenomena. Plants cleaning air and filtering water, or bees pollinating flowers are examples of 
regulating services.  

Supporting services are services that are necessary to produce all other ecosystem services. 
Photosynthesis, nutrient cycling, and oxygen production are all supporting services.  

Cultural services are non-material benefits that contribute to the developmental and cultural 
advancement of people, including how ecosystems play a role in local, national, and global 
cultures. These benefits include spirituality, recreation, and aesthetics.   

DNR has special obligations and responsibilities to Tribes because the lands that DNR manages 
are the ancestral homelands and territories of native people. DNR has deep respect for and 
gratitude towards these original and active stewards of the region. In respect of the sovereignty 
of Tribal Nations and their rights, titles, and treaties, DNR will engage in government-to-
government relationships in the assessment of future ecosystem services opportunities.  

 

 

 

 

 

https://app.leg.wa.gov/rcw/default.aspx?cite=43.30.010
https://www.climatehubs.usda.gov/ecosystem-services
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Figure 1. Typical breakdown of ecosystem services and examples of each type of service. 

 

2023 Legislative Proviso 
In 2023, ESSB 5187 Chapter 475, Laws of 2023 was passed for the fiscal biennium of 2023 to 
2025. This legislative proviso established that DNR is to “convene a group composed of a 
balanced representation of experts and stakeholders to conduct a state ecosystem services 
inventory and develop a state lands ecosystem services asset plan. The plan must outline how 
state lands under the department's jurisdiction can be monetized, including ecosystem services 
credits, and utilized to reduce the overall greenhouse emissions, or increase greenhouse gas 
sequestration and storage, in the state, including both public and private emissions.” 
The proviso specifically requires the following: 

• Conduct a resource and asset inventory; 
• Explore opportunities for ecosystem services credits; 
• Develop a marginal cost abatement model; 
• Conduct a needs assessment in relation to marketing, including a proposed 

implementation plan and recommendations for execution; 
• Identify regulatory limitations; 
• Create an implementation plan for a virtual dashboard; and 
• Make recommendations for the creation of an ecosystem services equity and innovation 

account.  
For a more detailed description of these requirements, refer to the proviso in the appendix.  
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Contractor: Greene Economics 
The primary research for this project was conducted by Greene Economics in concert with its 
subcontractors: Spatial Informatics Group (SIG), Montrose Environmental, and Pax 
Environmental, Inc. Greene Economics produced an Ecosystem Services Inventory and Asset 
Plan, which served as the main source of information for this legislative report. Some 
information found in this report may not match the information in Greene’s report. While DNR 
made every effort to ensure the deliverables met the requirements of this legislative report and 
validated as much information as possible, some inaccuracies may remain. Due to this concern 
and the length of their final report, DNR has not included the full inventory and asset plan they 
produced in this report. The Greene Economics full report is available upon request.  

It is also important to note that many of the markets analyzed by Greene Economics are still 
emerging, with limited information available on key metrics such as cost, project size, labor 
requirements, and the existence of local protocols.  

Work Group 
DNR convened an external work group with balanced representation from experts, government 
representatives, and key stakeholders (Table 1), including trust beneficiaries, Tribes, conservation 
organizations, timber industry representatives, ecosystem services experts, environmental justice 
representatives, and Ecology staff.  

Table 1. Ecosystem Services Work Group Members 

Name Organization Representation 
Mark Burrows Stevens County Beneficiary 
Brenda Campbell Snoqualmie Tribe Tribal Representative 
Matt Comisky American Forest Resource Council Stakeholder 
Stephen Donofrio Head of Carbon Markets Intelligence at 

OPIS, a Dow Jones company 
Expert 

Kathleen Farley Wolf DNRP King County Expert 
Kim Bray Hoh Indian Tribe Tribal Representative 
Rebecca Niggemann Washington State Department of Fish and 

Wildlife 
Stakeholder 

David Onstad Kitsap Environmental Coalition Stakeholder 
Mark Ozias Clallam County Beneficiary 
Kasia Patora Department of Ecology Partner Agency 
Russ Pfeiffer-Hoyt School Board of Directors, Chair and 

WWSDA Trust Lands Advisory Committee, 
Chair 

Beneficiary 

Mary Jean Ryan Center for Responsible Forestry Stakeholder 
Gareth Waugh Port Blakely Stakeholder 

drou490
Pencil
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Jordan Wildish Department of Ecology Partner Agency 
Rene Zamora Cristales 
(unable to attend, no 
alternate sent) 

University of Oregon  Expert 

 
Throughout the project timeline, the work group has participated in meetings where they were 
presented different parts of the project. The work group provided feedback, advice and 
guidance based on the research supplied by the contractor at these meetings and their fields of 
expertise. While the work group contributed valuable insights throughout the process, there was 
no expectation of consensus, and members do not necessarily agree with the findings or 
recommendations presented in this report.  

Work group members were given the opportunity to meet with the contractor and multiple 
work group members prepared and presented information on ecosystem service markets. 
Additionally, the work group reviewed written reports drafted by the contractor and this 
legislative report where they were given the opportunity to provide written and verbal feedback. 
Many comments and questions were made throughout the project and were addressed as the 
project progressed. Notable contributions were presentations of carbon projects made by 
Kathleen Farley Wolf and Gareth Waugh as well as suggestions that led to the creation of the 
screening tool explained in the following section.  

Structure of this report 
This report analyzes several ecosystem service markets. Each market includes the following 
criteria: 

• Background information on the market 
• DNR opportunities to enter the market 
• A market and economic analysis 
• An inventory 
• Screening tool 
• Project development information 
• A suggested implementation plan  
• Conclusion 

Appendix B details how some of these sections were developed or analyzed with the 
understanding that DNR may want to reanalyze these markets in the future.  
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Regulatory Forest Carbon Market 
A carbon market is a specialized marketplace where carbon allowances, credits, and offset 
credits can be bought and sold. Carbon markets are critical elements of cap-and-trade programs 
(referred to as “cap-and-invest programs” in some spaces) intended to reduce (greenhouse gas) 
GHG emissions. Compliance or regulatory markets are administered and regulated by 
governments or international bodies, with certain industries required to participate and others 
admitted voluntarily.  

Markets are established by governments or multi-government bodies through regulations that 
control the supply of allowances and credits and regulate their trading.  Companies operating in 
a regulated environment can use allowances, credits, and offset credits to meet emission 
reduction targets, depending on the specific conditions of the regulated environment.  

Carbon allowances permit a buyer to emit a specific, limited amount of carbon dioxide (CO2) or 
other GHG through its operations. Regulatory bodies set emission caps and then issue 
allowances to emit, with the total number of allowances matching the cap. Companies buy 
allowances to cover their emissions, up to an established limit, and can trade allowances 
between one another.  

Carbon credits represent a reduction or removal of GHGs. Each credit represents one metric ton 
of CO2 equivalent (MTCO2e) which means that GHGs and carbon are converted to a carbon 
dioxide equivalence to build a common unit. When a government sets an emissions cap, 
companies must reduce their emissions through methods like improved technology or 
renewable energy. Companies that achieve reductions greater than their cap can sell their 
credits, but once sold, credits cannot be traded or resold. The potential revenue from carbon 
credits incentivizes emitters to reduce the amount of CO2 released into the atmosphere. 

Carbon offset credits are issued for activities that either remove CO2 from the atmosphere or 
prevent its emission. Companies can invest in projects that either sequester or prevent CO2 

emissions by purchasing offset credits. These credits can be traded multiple times. 

CCA 
In 2020, Washington updated its emissions targets to achieve net zero by 2050, laying the 
groundwork for a state carbon market.  The Washington Cap-and-Invest program is governed 
by the Washington CCA, effective January 1, 2023.  The CCA has established a comprehensive 
program to reduce carbon pollution and meet the statutory GHG limits. Administered by 
Ecology, the program allocates CCA funding to various agencies for projects and programs.   

The CCA primarily focuses on carbon credits, with a smaller emphasis on offset credits. These 
offset credits are where DNR, as a forest land manager, has an opportunity to participate in the 
market.  
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The table below shows the maximum allocations for offset credits from 2024 to 2026, allowing 
offset credits to cover emissions from non-tribal projects is set at 5%. For 2027-2030, those 
limits drop to 4%.  

Table 2 Maximum Allocations for Offset Credits by Year (WAC 173-446-210, Ecology 2022). 

Emissions Year Total 
Covered 
Emissions 
(WA) 
(MTCO2e) 

Maximum 
Allocation 
for Offset 
Credits 
(MTCO2e) 

  

  Tribal (3%) Other 
(5%) 

Total 
(8%) 

2024 58,524,909 1,755,747 2,926,245 4,681,993 
2025 53,761,254 1,612,838 2,688,063 4,300,900 
2026 48,997,598 1,469,928 2,449,880 3,919,808 

 

Carbon Markets in Different States 
The California carbon market operates under the California Global Warming Solutions Act (A.B. 
32) and its amendments. It is managed by the California Air Resources Board (CARB) through a 
cap-and-trade system that limits total emissions and allows trading of emission allowances and 
offset credits. Participants must comply with strict reporting, verification, and emission cap 
requirements. 

Québec’s cap-and-trade system, established in 2012, is part of the Western Climate Initiative 
and is overseen by the Ministry of the Environment, the Fight against Climate Change, Wildlife, 
and Parks. Participants are required to submit emissions reports, undergo third-party 
verification, and meet reduction targets (McAfee 2016 p. 333-353). 

In 2018, California, Québec, and Ontario signed an agreement linking their markets. This allowed 
for the exchange of allowances and offset credits among participants, expanding market 
leverage and enabling collaboration on GHG reduction efforts. The agreement also enabled 
other jurisdictions to join (State of California 2017). 

The current joint market between California and Québec is about six times larger than 
Washington’s. Efforts are underway to link Washington’s market to this joint market and create 
additional trading opportunities (Burtraw and others 2022). 

DNR Opportunities 
The primary regulatory market of interest to DNR is the Washington Cap-and-Invest program 
administered by Ecology under the Washington CCA.  The two forestry offset protocols most 
relevant to DNR are Improved Forest Management (IFM) and Reforestation. While the 
Department of Ecology also allows a third protocol—Avoided Conversion—DNR-managed lands 

https://app.leg.wa.gov/WAC/default.aspx?cite=173-446-210
https://apps.ecology.wa.gov/publications/documents/2102017.pdf
https://archive.gov.ca.gov/archive/gov39/2017/09/22/news19963/index.html
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are not eligible for this category because they are already legally and administratively protected 
from conversion to non-forest uses. In other words, these lands will remain forested and are not 
at risk of being developed or converted, which is a core requirement for eligibility under the 
avoided conversion protocol. Currently, 100 percent of offset credits must provide a direct 
environmental benefit within Washington. Credits from a DNR project would be of considerable 
interest to regulated entities in Washington. 

The California market is also an option for DNR because only 50% of offset credits must meet 
the direct environmental benefit (DEBS) requirement. This means credits from an approved 
project in Washington could be utilized by an entity in California. However, registering 
Washington-based credits for the California market involves additional steps. 

The Washington Department of Ecology adopted four CARB protocols for use in Washington, 
including the Compliance Offset Protocol U.S. Forest Projects, June 25, 2015, which governs, IFM 
or reforestation projects. These projects require a 100-year compliance period after the last 
credit issuance and typically spans several thousand acres. The table below details these two 
project types.  

Table 3. Compliance Offset Protocol U.S. Forest Projects (CARB 2015). 

Definition 
 Improved Forest Management Reforestation 
General 
Description  

Included Activities:  
Increasing rotation ages  
Increasing productivity by thinning 
diseased and suppressed trees, 
Increasing productivity by managing 
brush and short-lived forest species, 
and  
Increasing stocking on understocked 
areas (planting more trees) 
Located on land with greater than 
10% tree canopy cover  
Tracts can be contiguous or 
separated 

Projects that restore tree cover on 
land that is not at optimal stocking 
levels and has minimal short-term 
(30-years) commercial opportunities 
and has had less than 10% tree 
canopy cover for a minimum of 10 
years; or has been subject to a 
significant disturbance that resulted 
in a loss of at least 20% of the land’s 
above-ground standing live tree 
biomass 
Tracts can be contiguous or 
separated  
No harvesting for 30 years, except to 
prevent disease 

Requirements 
Permanence 100 years after the last offset credits 

have been issued  
100 years after the last offset credits 
have been issued 

Baseline 
Calculation  

Projected over 100 years using an 
approved growth and yield model 
that is calibrated to the project area. 
Must estimate baseline carbon 

Projected over 100 years using an 
approved growth and yield model 
that is calibrated to the project area. 
Must estimate baseline carbon stocks 

https://ww2.arb.ca.gov/sites/default/files/cap-and-trade/protocols/usforest/forestprotocol2015.pdf
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stocks and carbon stock change in: 
standing live and dead carbon, and 
forest products. 

and carbon stock change in: standing 
live and dead tree carbon, shrubs and 
herbaceous understory carbon, forest 
products, and emissions from site 
prep. 

Verification 
and Ongoing 
Reporting 
Requirements  

Required to monitor onsite carbon 
stocks, submit annual Offset Project 
Data Reports, and undergo third-
party verification of those reports 
with site visits at least every six years 
for the duration of the project life 

Required to monitor onsite carbon 
stocks, submit annual Offset Project 
Data Reports, and undergo third-
party verification of those reports 
with site visits at least every six years 
for the duration of the project life 

 

To enter a project into the market, DNR will need to work through a registry. More on registries 
is in the voluntary carbon market section. 

Legal Authority 
DNR is authorized to directly sell valuable materials from state lands (RCW 79.15.010).  However, 
it is not certain if the definition of valuable materials on state lands (RCW 79.02.010) includes 
ecosystem service credits. To develop an ecosystem service project on state lands it is 
recommended that DNR expand this definition to explicitly include ecosystem service credits.  

If the state lands’ definition of valuable materials were expanded to include ecosystem service 
credits, the additional requirement that valuable materials be removed within 5 years of a sale 
(RCW 79.15.100 (5)(a)) would need to be amended to include an exemption for ecosystem 
service credits.  

Currently, DNR may lease state land to third parties for purposes it deems advisable (RCW 
79.13.010). However, RCW 79.13.060 sets a maximum lease term of 55 years with the potential 
option to extend to 99 years. All regulatory carbon credit protocols have a 100-year permanence 
requirement as well as a required monitoring period. To better facilitate DNR’s leasing options, 
these sections need to be revised to extend the maximum lease term for ecosystem services.  

Market Analysis and Economic Model 
A MACC for forest carbon offsets on DNR-managed lands in western Washington was 
constructed using the method described in the Evaluation Tools Appendix B of this report. This 
MACC was created for an IFM project scenario based on a 20-year delay of all harvest activities.  

Economic models rely on simplifying assumptions. The following assumptions are fundamental 
to the proposed MACC and should be kept in mind when evaluating the results.  

• DNR’s 2019 Forest Estate Model (FEM) for western Washington represents the baseline 
(or business as usual) for DNR’s planned harvest schedule over 100 years. 

• Delaying timber harvest increases carbon sequestration potential. 

https://app.leg.wa.gov/rcw/default.aspx?cite=79.15.010
https://app.leg.wa.gov/rcw/default.aspx?cite=79.02.010
https://app.leg.wa.gov/rcw/default.aspx?cite=79.15.100
https://app.leg.wa.gov/rcw/default.aspx?cite=79.13.010
https://app.leg.wa.gov/rcw/default.aspx?cite=79.13.010
https://app.leg.wa.gov/rcw/default.aspx?cite=79.13.060
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• The CARB Compliance Offset Protocol U.S. Forest Projects provides a reasonable 
estimate of potential carbon offset credits. 

• A MACC represents the marginal opportunity cost of each additional carbon credit. 
• A 3% discount rate was used to match the 2019 FEM. 
• Harvest costs are estimated to go up due to the indirect costs of managing a forest for 

an additional 20 years. 
• Carbon project and management costs were estimated based on input from carbon 

project developers, assuming a project size of 10,000 acres. 

DNR operates under a management fee structure that was not fully accounted for in Greene’s 
assessment because the management fee varies by trust and had to be simplified for the 
purposes of the analysis.  DNR management fees would need to be analyzed on a project by 
project basis to accurately reflect the variability across trusts.  The information below provides a 
model to evaluate a project’s potential economic feasibility. 

Market Protocols 
The CARB Compliance Offset Protocol U.S. Forest Projects serves as the basis protocol for this 
MACC and is used in Washington’s Compliance Market. This equation is used to calculate 
MTCO2e: 

QRy = [(∆ AConsite - ∆ BConsite) + (ACwp,y – BCwp,y) * 0.80 + SEy] * (1 – ACD) + Ny-1 

Each part of the equation will be described in the following steps. QRy is quantified GHG 
emission reductions and GHG removal enhancements for reporting period y in MTCO2e.  

(1-ACD) and Ny-1 are specific to avoided conversion projects and are not relevant to IFM projects 
like this one. 

The following example parcel will be used to show how the MACC calculates carbon and costs: 

Theme 11: Df (Douglas fir)    Theme 2: SIC2 

Theme 3: UT-1LT06     Age2: 7 

After-action age: 9    Acres: 21.60 

Baseline 
The baseline was calculated using the FEM and following parts of the CARB U.S Forest Project 
protocol. A baseline must be set for both the change in on-site carbon (∆ BConsite) and carbon 
stored in wood products over 100 years (BCwp,y). 

 
1 Theme 1 represents the dominant species for the stand. These are Doulgas fir, western hemlock, or red 
alder for western Washington. Theme 2 represents site class. In this example, it is site class 2. Theme 3 
represents past management activities for the stand. For this example, UT means this parcel was 
unthinned at the start of the FEM planning period and 1LT06 means one light thin was done at age 6.  
2 Age is in decades and is the decade the activity is planned. Age 7 represents years 60 to 69.  

https://ww2.arb.ca.gov/sites/default/files/cap-and-trade/protocols/usforest/forestprotocol2015.pdf
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The objective function of the 2019 FEM is to maximize the net present value of revenue from 
forest management activities over 10 decadal planning periods. Forest management decision 
units (or parcels) determine the potential outcome coefficients such as timber volume, revenue, 
or habitat acres. An activities file is generated as the output from the model.  This is a schedule 
file that details the period and activity acres for thinning and harvesting that would occur for 
each decision unit over the 10 decades. The FEM also outputs a report detailing forest 
conditions that result from the prescribed activities and future forest growth in each planning 
period known as the conditions file. The yield file or database is an input to the FEM that 
provides projections for forest conditions and how they change over time based on known 
forest conditions such as species, site class, age, and past forest management. A yield is 
generated for each forest stratum and age.  

The yield file provides the baseline carbon amount for each decision unit. The age of a 
scheduled activity and its stand characteristics can be found in the activities file and then those 
same strata can then be found in the yield file to obtain MTCO2e/ac for that parcel prior to the 
activity occurring.  

For the example, the baseline MTCO2e is 402.1 MTCO2e/ac. 

295.7 MTCO2e/ac * 21.60 ac = 6,387.1 MTCO2e 

More information on calculating amount of MTCO2e in wood products will be explained in the 
protocol specific steps section below. More information on how the change in onsite carbon is 
understood and calculated is in the next section. 

Additionality 
Additionality is generated through the 20-year delayed harvest change in management scenario. 
This is represented by the change in actual onsite carbon (∆ AConsite) and actual carbon in wood 
products stored over 100 years. (BCwp,y).  

For the (∆ AConsite) - (∆ BConsite) part of the equation, this represents the growth of carbon that 
isn’t cut in the project. The FEM parcels are all based on harvest activities, and calculating the 
carbon for each parcel is only based on what is being harvested but doesn’t include what isn’t 
being harvested. There are 20 years of harvest activities not occurring during the project period 
that would have occurred in the baseline. Those parcels would then have grown somewhere 
between 1 to 2 decades. To include this growth, the parcels no longer being cut’s growth was 
calculated for 1 to 19 years and then averaged over the acres of the project. This average 
represents the growth generated by the project per acre. This average came out to be 13.04 
MTCO2e/Ac which represents (∆ AConsite) - (∆ BConsite) for the equation.  

For the new MTCO2e actual carbon stored in wood products, you use the same strata for the 
parcel, but the new age is increased 2 decades. You use the yield table to find the new carbon 
amount with this same strata and new age. Some stands will also have been commercially 
thinned during the planning period. If the thinning occurred during the planning period, then 
the age these stands were thinned was also increased by 2 decades. 
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For the example the actual MTCO2e is 445.4 MTCO2e/ac. 

445.4 MTCO2e/ac * 21.60 ac = 9,620.6 MTCO2e 

For the change in onsite carbon: 

13.04 MTCO2e/Ac * 21.60 Ac = 281.7 MTCO2e 

More information on calculating amount of MTCO2e in wood products will be explained in the 
protocol specific steps section below. 

Permanence 
The permanence requirement for this project is 100 years after the final credit is issued. Change 
in management is forecasted over the 100 years, but credits will be issued in the first year of the 
project.  

Since this project is being calculated to estimate the amount of carbon generated for the whole 
100 years of the project, y is 100 for the equation. 

Leakage, Secondary Effects, and Protocol Specific Steps 
Leakage is reflected in the 0.80 of the equation which represents market responses to change in 
wood production.  

Secondary effects (SEy) are GHG emissions caused by the project activity. This is calculated with a 
specific equation in CARB but has to do with the wood not cut onsite caused by the project and 
estimates that this wood will be cut offsite. Due to the nature of the model, it is difficult to 
estimate the amount of wood not cut on a parcel-by-parcel level (since each parcel represents a 
harvesting activity). Like with the change to actual baseline carbon, an average for secondary 
effects was estimated based on the 20 years of harvest activities that no longer will occur in the 
100-year period of the project due to the delayed harvest scenario. This average is 2.16 
MTCO2e/ac.  

For the example, 2.16 MTCO2e/ac * 21.60 ac = 46.7 MTCO2e 

Protocol specific steps require that sawmill efficiency, product mix, storage of carbon in wood 
products and landfills over 100 years be taken into account in a specific manor. A confidence 
deduction and risk rating also apply.  

For this project the confidence deduction is assumed to be 0 based on sampling error so this 
does not affect the equation.  

Mill efficiency is assumed to be 53.1% for hardwoods and 74% for softwoods. Product mix for 
hardwoods is assumed to be 78% lumber, 12% plywood, 8% paper, and 2% miscellaneous. 
Product mix for softwoods is assumed to be 90% lumber, 8% paper, and 2% miscellaneous. 
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Appendix C of the CARB 2015 Compliance Offset Protocol provides estimates of the storage of 
carbon in various wood products and their coefficients found in the equation below.3 

For the example, the baseline wood products carbon is: 

74% * (78% * 6,387.1 * (0.463+0.298) + 12% * 6,387.1 * (0.484+0.287) + 8% * 6,387.1 * 
(0.058 + 0.178) + 2% * 6,387.1 * (0.176 + 0.454)) = 3,391.6 MTCO2e 

The actual wood products carbon is: 

74% * (78% * 9,620.6MTCO2e * (0.463+0.298) + 12% * 9,620.6MTCO2e * (0.484+0.287) + 
8% * 9,620.6MTCO2e * (0.058 + 0.178) + 2% * 9,620.6MTCO2e * (0.176 + 0.454)) = 5,108.7 
MTCO2e 

Putting all parts of the equation together: 

282.1 MTCO2e + (5,108.7 MTCO2e – 3,391.6 MTCO2e) * 0.80 – 34.8 MTCO2e = 1,608.7 
MTCO2e 

The last step is to apply the risk rating. The risk rating is calculated based off factors that could 
result in a reversal. This reversal rating calculates the amount that must go to the buffer pool. 
The inverse of the rating calculates the final amount of MTCO2e generated by the project. 

Table 4. Risk Rating Scores for DNR (CARB 2015). 

Risk Type Risk Category Contribution to Reversal 
Risk Rating 

Financial Financial Failure 1% 
Management Illegal Forest Biomass Removal 0% 

Conversion 0% 
Over-Harvesting 0% 

Social Social 0% 
Natural 
Disturbance 

Wildfire 4% 
Disease or Insect Outbreak 3% 
Other Catastrophic Events 3% 

For this project, the calculation yields: 

Risk of Reversal = 100% - ((100% - 1%) * (100% - 0%) * (100% - 0%) * (100% - 0%) * (100% - 
0%)* (100% - 4%) * (100% - 3%)* (100% - 3%))=11.58% 

The inverse is 100% - 11.58% = 89.42% 

For the example: 

 

3 These values are taken from Appendix C of the CARB Protocol (Tables C.1 and C.2 for baseline, and 
Tables C.3 and C.4 for after- action).  

https://ww2.arb.ca.gov/sites/default/files/cap-and-trade/protocols/usforest/forestprotocol2015.pdf
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1,621.0 MTCO2e * 89.42% = 1,438.5 MTCO2e which is equivalent to 1,438.5 carbon offset 
credits created by this parcel.  

Opportunity Cost 
The opportunity cost for the project is the discounted loss in revenue from delaying harvest 20 
years. This or OCi is calculated by taking the net revenue that would have been produced from 
harvesting as the FEM scheduled and then subtracting the discounted net revenue gained by 
the sale of the timber 20 years later. Harvesting later decreases the present value of the timber, 
but there is also the gain of the additional timber growth during that 20-year period. The 
discounted net revenue for the harvest is provided by the FEM, covering the revenue and costs 
of the harvest.  

The 20 years of additional timber to be harvested was obtained from the yield matches and a 
percentage of growth was calculated. This percentage of increased timber volume was then 
multiplied by the gross revenue and then discounted at 3% for 20 years. Then the nominal costs 
were subtracted to get the net revenue.  

For the example, the expected growth is 154%.  

The baseline discounted net revenue is $148,109.04 

The actual after-action  20 year discounted net revenue is $143,185.57 

Opportunity cost is $148,109.04 - $143,185.57 = $4,923.47 

Change in Management Costs 
The indirect costs for harvest are assumed to go up due to management length increasing 20 
years. This additional cost is estimated to be $531.60 / ac. Costs to enter and manage the carbon 
project are additional to the costs associated with the harvest activities. These costs were 
derived from estimates provided by The Climate Trust, a carbon project developer. These costs 
were estimated to be $1,927 / ac based on an assumption of a 10,000-acre project size. The total 
change in management costs for a project are $531.60 + $1,927.25 = $2,458.85 / ac or Ci 

For the example, change in management costs are: 

$2,458.85 / ac * 21.60 ac = $53,111.16 

Marginal Cost Calculation 
The marginal cost is calculated using the equation explained in Appendix B: 

𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑖𝑖 =  
𝐶𝐶𝑖𝑖 + 𝑂𝑂𝑂𝑂𝑖𝑖
𝑄𝑄𝑄𝑄𝑦𝑦

 

𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑖𝑖 =  
$53,111.16 + $4,923.47

1,438.5
= $𝟒𝟒𝟒𝟒.𝟑𝟑𝟑𝟑 𝒑𝒑𝒑𝒑𝒑𝒑 𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝟐𝟐𝒆𝒆 𝒂𝒂𝒂𝒂𝒂𝒂𝒂𝒂𝒂𝒂𝒂𝒂 
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MACC Results 
Following this method for all parcels or decision units in the FEM, a MACC is produced that 
orders all the parcels from lowest marginal cost to highest. A subset of parcels were found to be 
economically feasible compared to timber harvest using this model. Approximately 1.0 million 
credits could be sold at the carbon offset price of $36/credit on about 15,000 activity acres 
(which would be approximately a 26,000-acre project) and would be profitable compared to 
timber. Of those credits, approximately 43% are in Clallam County and 34% are in Jefferson and 
86% of the credits are primarily western hemlock. The results show that 58,154,704 MTCO2e 
could be additionally sequestered through this scenario if DNR put all its forested land in 
western Washington in a carbon project generating about 38.04 credits or MTCO2e/ac. It is 
worth noting that this would likely not be done and would not be more profitable than current 
land use. Areas that will not be harvested, such as riparian areas and steep slopes are excluded 
from the activity acres but are included in the project acreage. 

 

 

Figure 2. Marginal Abatement Cost Curve 

 

Eastern Washington 
The constructed MACC is based on output from the FEM that was completed for western 
Washington. When the FEM is completed for eastern Washington, the outputs from that effort 
may be substituted into the same spreadsheet analysis as western Washington, and the same 
type of MACC will be produced. Because tree species, acreage densities, and environmental 
conditions are different on the east side of the state, it is difficult to know what results may be 
expected. 
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In 2015 the Confederated Tribes of the Colville Reservation (Colville) developed an IFM project 
on 487,814 acres of forest land in eastern Washington. The land had historically been managed 
for timber production with intermediate and regeneration harvests. Colville engaged the 
services of Finite Carbon to develop the project.  

Details on the project scenario are not known but are assumed to be different than the 20 year 
delayed harvest scenario outlined in the MACC. GHG reductions and removal enhancements 
totaled 14,357,787 MTCO2e across the 453,026 project acres. This resulted in approximately 31.7 
credits per acre for the reporting period July 2015 to July 2017. The price these credits sold for is 
unknown. If DNR entered its 780,704 acres of forest land in eastern WA into a project and was 
able to generate credits at this same rate, 24.7 million credits could be generated. At the 
estimated $28/MTCO2e offset price, this would generate $693 million in revenue which does not 
include costs of the project.  

Price Forecast 
The Ecology Cap-and-Invest program conducted six auctions under the CCA in 2023, and the 
Ecology website states it raised almost $1.8 billion in revenue, with about 88 entities 
participating. In the four quarterly auctions, prices ranged between $48.50 and $66.68 per 
allowance (Ecology 2024). 

The highest price per allowance in the Washington market in 2023 was almost double that of 
the California and Québec markets. In California/Québec, the auction prices in 2023 averaged 
around $33 per allowance, while those for 2024 averaged a little over $35 per allowance (CARB 
2024,  Québec Ministère de l’Environnement 2024). This combined market is larger and more 
mature compared to Washington’s market, with historic data available for over 10 years. Based 
on historical data for the California/Québec carbon market, carbon allowance prices had an 
average annual growth rate of about 12 percent between 2014 and 2024. 

In Washington, the offsets program within the larger cap-and-invest program was implemented 
later than the allowances program, and the first offset credits totaled 249,136 MTCO2e, were 
issued for two projects on December 19, 2023 (Ecology 2024). Prices for these offset credits are 
not readily available. Assuming, however, that offset credit prices tend to stay around 70 percent 
of allowance prices (similar to the California market), offset credits in Washington could 
currently be valued between $28 and $44 per MTCO2e and average around $36 per MTCO2e 
(Ecology 2024). 

Based on forecasts developed by the research team and the results of the MACC, there are 
project acres that would likely be economically feasible, especially in western hemlock stands in 
Clallam and Jefferson Counties.  

https://apps.ecology.wa.gov/publications/documents/2414011.pdf
https://ww2.arb.ca.gov/our-work/programs/cap-and-trade-program/program-data/cap-and-trade-program-data-dashboard
https://ww2.arb.ca.gov/our-work/programs/cap-and-trade-program/program-data/cap-and-trade-program-data-dashboard
https://www.environnement.gouv.qc.ca/changements/carbone/ventes-encheres/historique-prix-encheres-WCI-en.pdf
https://ecology.wa.gov/blog/january-2024/ecology-issues-the-first-washington-cap-and-invest-offset-credits
https://ecology.wa.gov/air-climate/climate-commitment-act/cap-and-invest/offsets
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Inventory 
Valuation Estimation 
To compare concepts and results of the initial suitability using MACC results and Colville case 
study, an estimate of potential revenue at the maximum available offset credits through the CCA 
for 2025 and 2026 is shown in Table 5. Project sizes are based off the credits/ac from the MACC 
project scenario of a 20-year delayed harvest for western Washington (38.04 credits/ac) and the 
Colville case study project for eastern Washington (31.69 credits/ac). Revenue potential is shown 
for prices of $36/credit and $44/credit. Costs and net revenue are not included in the table.  

Table 5. IFM Results from MACC for Western and Colville-Based Estimates for Eastern 
 

Available 
Credits 

Project 
Size 
W. WA 
(ac) 

Project 
Size E. 
WA 
(ac) 

Potential 
Revenue @ 
$36/credit 

Potential 
Revenue @ 
$44/credit 

Max Non-Tribal Offsets 2025 2,688,063 70,664 84,824 $96,770,268 $118,274,772 

Max Non-Tribal Offsets 2026 2,449,880 64,402 77,308 $88,195,680 $107,794,720 
 

Table 6 shows some example project sizes and their potential revenue that does not include 
costs at different prices based on the MACC and Colville MTCO2e/ac calculations. The minimum 
project size is assumed to be 10,000 acres. The maximum project size is based off the available 
offset credits through the CCA for 2026. Based off the MACC, the western Washington max 
project acres would be economically feasible at $44/credit. 

Table 6. Example Project Revenue Using Credits/Acre from MACC and Colville 

Project Info Project 
Acres 

Credits $36/credit $44/credit 

 In Western WA Using MACC Credits/Acre = 38.04 

Min Project 10,000 380,389 $13,694,004 $16,737,116 
Economically Feasible @ $364 25,764 980,081 $35,282,916 $44,123,564 

Max Project 60,000 2,282,400 $82,166,400 $100,425,600 
 In Eastern WA using Colville Credits/Acre = 31.69 

Min Project 10,000 316,900 $11,408,400 $13,943,600 
Max Project 75,000 2,376,750 $85,563,000 $104,577,000 

 

4 The MACC for this report was developed with a project size assumption of 10,000 acres. A 25,764 acre 
project will likely have higher costs (though many costs are fixed) so fewer acres may be economically 
feasible at the $36/credit price. 
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Above Ground Carbon Stocks 
For DNR to participate in any of these forest carbon markets, regulatory or voluntary, a baseline 
estimate of carbon is needed to estimate the carbon credit potential.  

The main dataset used in this analysis is RS-FRIS version 5.1, a forest inventory developed by 
DNR for state trust lands using remote sensing technologies. It combines photogrammetric 
point cloud data (DAP), field measurements, and statistical modeling to predict forest attributes. 
Constructed from data collected in 2021 and 2022, the inventory also accounts for certain post 
imagery harvest activities. It provides a detailed estimate of tree biomass, which is converted 
into aboveground carbon MT/ac.  

The inventory for carbon is based on creating a heatmap. This was done by finding the mean 
average MT/ac of aboveground carbon for each region. This number for each region was then 
compared to the local unit carbon data from RS-FRIS. Areas above the regional mean are green 
and areas below the mean are red. Areas above this mean often drive decisions to enroll a forest 
in the carbon offset market as these are carbon rich areas suggesting considerable quantities of 
offset credits can be created. It is important to understand that this approach can only be used 
as an early-stage screening tool to identify areas of high stocking above the regional baseline. 
For an actual CARB IFM protocol-based carbon offset project, baseline stocking of DNR forest 
lands would need to be derived in a very customized manner.  

Figure 3. Aboveground carbon from WA DNR RS FRIS 

 

https://gis.dnr.wa.gov/portal/home/item.html?id=fb86a279891c4c8f8409e69fbcef2304
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Figure 4. Difference from Average Above Ground Carbon Stocks (MT per Acre) 

 

Areas with higher than mean values could be suitable for potentially high yielding carbon 
projects. Below carbon areas may be opportunities for reforestation.  

Table 7 below shows each region’s minimum, maximum, mean, and median carbon MT/ac and 
table 8 shows the differences in comparison to the mean. The minimum and maximum values 
indicate the range of carbon stocks present within each region, highlighting areas with both the 
lowest and highest carbon storage potential. A minimum value of zero can be attributed to one 
managed parcel, within each region, that contains no detectable live or dead carbon within a 20 
meter pixel. The mean and median values offer insight into the central tendency of carbon stock 
distribution, with the median being particularly useful in cases where extreme values may skew 
the mean. Standard deviation measures the variability of carbon stocks within each region, with 
higher values suggesting greater heterogeneity in carbon distribution across the landscape. 
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Table 7. RS FRIS Aboveground Live and Dead Carbon Stocks by Region (MT/Acre)  

Region Max Mean Median Min Standard 
Deviation 

Northeast  138 18 12 0 20 
Southeast 226 29 17 0 29 
Northwest 260 57 55 0 42 
South Puget Sound 296 60 57 0 45 
Pacific Cascade 301 61 63 0 44 
Olympic 287 71 73 0 42 

 

 

Table 8. Difference from Average Above Ground Live and Dead Carbon by Region (MT/Acre)  

Region Max Mean Median Min Standard 
Deviation 

Northeast  120 0 -6 -18 20 
Southeast 197 0 -11 -29 29 
Northwest 203 0 -2 -57 42 
South Puget Sound 236 0 2 -67 45 
Pacific Cascade 239 0 2 -61 45 
Olympic 216 0 -3 -71 43 

The western Washington regions have the highest maximum carbon stock values, means, 
medians, and standard deviations, indicating variability in carbon storage in these areas. 
Additionally, these regions have the highest summation of above-baseline carbon stock, 
suggesting they contain large areas with significant carbon storage potential.  Table 9 shows the 
forested acres for each region derived from DNR’s Large Data overlay from 2024.  

Table 9. DNR Forested Acres by Region 

Region Acres 
Northeast 430,925 
Southeast 349,779 
Northwest 364,124 
Olympic 377,900 
Pacific Cascade 435,953 
South Puget Sound 350,844 
Total Eastern WA 780,704 
Total Western WA 1,528,822 
Grand total 2,309,526 

\ 
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Screening Tool 

Initial Suitability  
The inventory suggests that there are numerous areas on DNR-managed lands that have forests 
potentially suitable for a reforestation or IFM project. Results from the MACC suggest that prices 
would need to be almost double what they are now for western Washington, before a carbon 
project would be more profitable in comparison to current use of the land. However, these 
results were only focused on one project type and did not evaluate eastern Washington. Prices 
are expected to rise but caps for offset credits will make demand for this market decrease over 
time. All these factors have resulted in a mixed rating.  

Environmental Potential  
Carbon sequestration and emissions reductions result from project implementation, while selling 
regulatory offset credits enables those outcomes to be recognized and traded in the carbon 
market.  Managing forests for optimal carbon sequestration contributes to additional 
improvements in forest habitat, resulting in increases in biodiversity. Co-benefits include 
improved soil health, reduced flood risk, and more regulated temperature.  

Market Analysis  
The compliance markets are some of the most mature ecosystem service markets. They are 
highly regulated and stable. Protocols continue to undergo revisions. However, the expected 
regulatory changes are likely to strengthen oversight, increase the accuracy of verified benefit 
increments, and provide further assurances of maximum sequestration longevity. Thus, prices 
should remain strong. (Burtraw and others 2022) 

Project Development  
All regulatory markets maintain strict requirements for participation. DNR will need to ensure 
that the developed project meets requirements, follows the correct steps, registers with the 
appropriate approved registry, and fulfills audit requirements. This will require significant 
investment and time. However, this investment in resources could be mitigated by using a third-
party developer. There are several third-party developers DNR could work with that specialize in 
forest carbon and have experience within the regulatory market. With their support, a project 
could be developed in less than five years. Due to the presence of experienced third-party 
developers and reasonable project development timeline, project development received a 
favorable score. 

Regional Economy  
Jobs and economic output in many Washington counties depend on the forestry sector. The 
forestry sector may provide over 10,000 jobs, with an employment ‘multiplier’ of 1.77, meaning 
for each hundred forestry sector jobs, another 77 are linked to that sector in supporting 
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industries. In the case of an IFM project, the harvest schedule could change, which could affect 
forestry jobs. Delay could have an impact on local forestry economies. Further, all jobs in the 
forestry sector are dependent on industry infrastructure such as the presence of sawmills and 
transportation to process logs, as well as equipment suppliers. When there is a loss of industry 
activity, there is also a ripple effect through the other job sectors. If margins at sawmills are thin, 
then even a temporary shock can put these critical infrastructure businesses at risk. For these 
reasons, the preliminary score for the regional economy is unfavorable. 

Equity Opportunity  
At a landscape scale, any project that contributes to the reduction of GHGs can provide co-
benefits to historically underserved communities, such as cleaner air in metropolitan areas, 
improved environmental health in rural areas and increased opportunities to engage with 
nature. There is also an opportunity for DNR to target underserved communities, by giving 
higher weight during the selection process to projects located in these communities. 

Legal Considerations  
DNR needs express authorization to sell carbon credits or ecosystem service credits in this 
market. Additionally, if DNR wanted to lease a project for longer than 100 years, the leasing 
term limits would need to be lengthened.  

Project Development  
The table below was developed by Greene Economics in partnership with The Climate Trust to 
illustrate the basic steps and requirements for project development. The activities and levels of 
effort apply to both IFM and reforestation project development and are similar for both 
regulatory and voluntary markets. The level of effort, time frame and cost estimates are per 
project and largely independent of projects size, although typically projects are at least 10,000 
acres.  It is important to note that these estimates are highly optimistic and may underestimate 
the actual time, resources, and complexity involved in real-world project implementation. 

Requirements and Gap Analysis 
Table 10. Project Development Requirements and Steps 

Project Phase Description Activity Level of Effort, 
Timeframe, and 

Cost  
Carbon 
Opportunity 
Summary 

Complete initial 
feasibility 
assessment of land 
parcels using the 
selected project 
methodology and 
confirm eligibility of 

Site visit with quick cruise to 
corroborate initial forest carbon 
estimates. GIS works to run a 
comparable properties analysis. 
Assessment of methodology 
eligibility including land condition 
and management history, 

2+ months  
1 FTE, 8-10 days 
Approx. $30,000  
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project activities and 
land condition 

landowner agreements, and 
management plans 

Comprehensive 
Forest 
Inventory 

Design an efficient 
carbon inventory 
using statistical 
optimization 
techniques  

Inventory design; contracting and 
managing qualified professional 
forest inventory crew; provide on-
site and remote inventory SOP 
training, support, and data quality 
assurance  

4-6 months 
Design QA/QC- 1 
FTE,10-16 days  
Approx. $30,000-
$55,000 
Field Inventory - 2 
FTE, 7-9 weeks 
$50,000-$75,000 

Carbon 
Calculations 
and Monitoring 

Calculate on-site 
carbon stocks and 
project baseline 
against which the 
project will be 
assessed  

Model forest growth using USFS 
Forest Vegetation Simulator; 
calculate inventory uncertainty; 
project baseline in accordance with 
the selected methodology  

1 month 
1 FTE, 10 days 
Approx. $35,000  

Develop and 
Submit Project 
Documents 

Create all project 
development 
documents as 
required by selected 
methodology 

Evaluate any relevant forest 
management plans, regulations, 
and conservation agreements; 
develop GHG plan, Risk Mitigation 
Agreement, Monitoring Reports, 
Attestations, Terms of Use, and 
other/similar documents as 
required by selected methodology 

3-6 months  
1 FTE, 4 weeks 
Approx. $35,000-
$60,000  

Validation / 
Verification 

Lead successful 
engagement with 
accredited provider 
for project validation 
or verification  

Contact and manage third-party 
verifier (VVB); deliver sufficient 
data and information to VVB; 
actively engage with VVB for deck 
and field components; provide 
informed response to VVB  

4-6 months  
1 FTE, 4-6 weeks 
Approx. $65,000-
$95,000  
(includes verification 
support) 

Carbon Credit 
Registration, 
Marketing, and 
Sales 

Complete issuance 
of credits and 
implement robust 
credit marketing and 
project due 
diligence process to 
ensure successful 
offset sales 

Manage registry account including 
annual reporting, issuance 
documentation, and credit 
transfers; develop credit marketing 
materials and engage in buyer 
outreach; successfully complete 
buyer due diligence processes; 
track carbon market changes to 
stay current on market conditions; 
negotiate credit sales contracts 

Ongoing  
Cost variable  
This is an important 
role for the 
managing entity and 
strongly informs 
project design and 
development.  
3-4 FTE  
Additional legal 
expenses 
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Technical 
support 
throughout 
Project Term  

Successfully 
complete required 
monitoring, 
reporting, and 
verification 

Contract and manage third-party 
verifiers throughout project term 
for selected methodology; re-
inventory and model project and 
revise project documentation as 
needed  

Ongoing  
1 FTE, 6-8 weeks per 
year 
Approx. $40,000 per 
year, with an 
additional $15,000 
for desk verifications 
for credit issuances. 
Additional expenses 
occur every 5 years 
for full verifications, 
and every 10 years 
for full forest 
inventory updates 

 

The table below details what DNR currently has and what gaps exist to develop a regulatory 
carbon project.  

Table 11. DNR Gap Analysis for Regulatory Carbon Project Development 

What DNR Has Gaps & Needs 

• GIS Inventory Tool and screening tool from 
this project. 

• DNR data on past forest activities, land 
management, and inventory 

• Forest health plans, priorities, and data 
• Forest management plans 
• Carbon and Forest Management Work 

Group Results 
• Capability to manage projects 
• Professional foresters and modelers on 

staff 
• Payment processes 
• Leasing and bidding processes 

• WA state law may need to be amended 
to allow direct participation or 
participation through leasing in 
Ecosystem Service markets. Internal 
processes may need updated as well for 
project approval 

• Familiarity with protocols and 
methodologies including nuanced 
understanding of the market 

• Staff capacity and/or contracting with a 
third party to run most parts of the 
project including project management, 
contract management, data collection 
and verification, sales and marketing, 
and monitoring 

• VVB review 

Implementation Plan 
The following table is a suggested implementation plan for DNR to enter the Regulatory Carbon 
market based on the requirements from the protocols and gap analysis.   
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Table 12. Implementation Plan for Regulatory Carbon Offset Projects 

Steps Est. Time frame 
1. Expand the definition of valuable materials if warranted and extend 

DNR’s lease term limits  
unknown 

2. Engage Third-party Developer- includes finalizing roles and 
responsibilities for third-party developers (e.g. feasibility study only, 
feasibility study through project development, feasibility study 
through ongoing monitoring) developing an RFP to engage services 
of a third-party developer, and implement competitive bidding 
process to award contract  

6-9 months from 
RFP development 
through bidding and 
contracting 

3. Carbon Opportunity Analysis- site visits, comparable properties 
analysis, eligibility assessment including land condition, 
management history etc. 

3-6 months 

4. Comprehensive Forest Inventory- inventory design, crew 
contracting, training and management, data quality assurance  

4-6 months 

5. Carbon Calculations and Monitoring—model forest growth, 
calculate inventory, project baseline 

1 month 

6. Project Development and Submission- create submittal documents 
using approved templates and guidelines 

3-6 months 

7. Independent Validation and Verification—contract and manage 
approved third-party verifiers, convey data to verifiers, manage site 
visits 

4-6 months 
(depending on 
verifier availability) 

8. Credit Registration/Marketing/Sales to Ecology  Ongoing 

9. Ongoing Monitoring and Reporting  Annually, and at 5- 
and 10-year 
intervals 

Conclusion 
The regulatory carbon market is the most developed credit-based ecosystem service market 
active in Washington. The market is well established and stable. Based on the economic analysis 
done with the MACC and known credit prices, there may be DNR-managed lands in western 
Washington that are economically feasible to enter the market. More analysis at the project level 
will be necessary to determine if a project is economically viable.  

To enter this market, it is recommended that DNR utilize a third-party developer to help with 
most parts of project development since there are many carbon project developers familiar with 
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the intricacies and nuances in developing a project. However, this could be done directly by 
DNR if expertise is obtained through staff development.  

For DNR to enter this market, several regulatory changes may be necessary. It is unclear if DNR 
currently has the authority to directly sell carbon credits on state lands. State law may need to 
be adjusted to include this authority either by adjusting the definition of valuable materials or 
some other mechanism. DNR can lease lands that could potentially be put into a project. 
However, DNR leases are limited to 55-year timespans with the potential to be extended to 99 
years. Any regulatory carbon project would be longer than 100 years which may make it difficult 
to enter into an agreement with a third-party developer. It is recommended these laws are 
adjusted to enter the regulatory carbon market.  

Finally, any project that DNR enters will take time and staffing resources as detailed in the 
project development and implementation plan sections above. Projects will need to be planned 
well in advance and with the understanding that it can take a few years before generating 
credits to sell in the market. All parts of a project will need to be adequately staffed or 
contracted to a third-party to be successful.  
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Voluntary Forest Carbon Market 
Voluntary carbon markets are markets where individuals, businesses, governments or other 
entities can buy and sell carbon offset credits to mitigate emissions. Unlike regulatory markets, 
voluntary markets are decentralized and incentive based, meaning the use of a credit is neither 
legally required nor regulated. Demand is created primarily in response to shareholder and 
community pressure to reduce GHG emissions, as well as voluntary corporate pledges and 
commitments to reach net-zero targets. Supply is created when an entity initiates a project that 
either removes carbon or reduces carbon emissions.  

Credits can be purchased either through brokers or exchanges (e.g. Xpansive CBL and ACX- Air 
Carbon Exchange) or directly from suppliers who develop and maintain multiple registries like 
Verra, American Carbon Registry (ACR), Gold Standard, and Climate Action Reserve (CAR). 
Voluntary markets frequently operate alongside regulatory markets. Regulatory markets are 
increasingly allowing voluntary market credits to be used to satisfy regulatory compliance 
requirements, including those in California and Washington. (Procton 2024 p. 9). 

DNR Opportunities 
There are multiple protocols and registries that DNR could use to develop a voluntary project in 
partnership with a third-party developer. The most well-known registries—ACR, CAR and 
VERRA–offer the greatest number of protocols that could be used to develop voluntary projects 
on DNR-managed land. IFM and reforestation projects are most suitable for DNR though 
afforestation may be a potential option depending on the registry. Most protocols have a 40-
year permanence requirement though some may require 100 years like the regulatory market. 
Project sizes are similar to regulatory but may need to be larger than the 10,000 acres due to the 
lower credit prices in this market.  

IFM 
The following are different protocols for IFM projects that could be used on DNR-managed 
lands. For all protocols shown here, verification is required at certification and the reporting 
period is annual: 

• ACR- IFM on Non-Federal U.S. Forestlands Version 2.1 (ACR 2024). 
o Crediting Period of 20 years. 
o The minimum project term is 40 years, beginning on the project start date 
o Projects must be validated within 3 years of the start date. 
o Verification at each request for credit issuance, no less than every 5 years 
o Forestland that was converted from native species to non-native species within 

10 years of the project start date is ineligible, and the planting of or 
management for non-native species is not permitted. 

https://xpansiv.com/cbl/
https://acx.net/
https://acx.net/
https://verra.org/
https://acrcarbon.org/about-us/
https://www.goldstandard.org/
https://climateactionreserve.org/
https://3298623.fs1.hubspotusercontent-na1.net/hubfs/3298623/SOVCM%202024/State_of_the_Voluntary_Carbon_Markets_20240529%201.pdf
https://acrcarbon.org/wp-content/uploads/2022/07/ACR-Methodology-IFM-on-Non-Federal-US-Forestlands-v2_1-20240701.pdf
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o Project areas subject to commercial harvesting at the project start date; in the 
with-project scenario, must adhere to best management practices to protect 
water, soil stability, forest productivity, wildlife, and other sensitive resources, as 
published or prescribed by applicable federal, state, or local government 
agencies, in addition to at least one of the following:  
 Be certified by Forest Stewardship Council (FSC), Sustainable Forestry 

Initiative (SFI), or American Tree Farm System (ATFS) or become certified 
within one year of the project start date; or  

 be enrolled in a state or federally sanctioned forestry program with 
monitoring and enforcement mechanisms in place or become enrolled 
within one year of the project start date and demonstrate compatibility 
with Montréal Process Criteria. 

• CAR- Natural Climate Solutions- U.S. Forest 5.1 (CAR 2023). 
o Additionality is assured over 100-year crediting period, during which project 

activities ensure forest carbon stocks are maintained or increase compared to 
the baseline. 

o The schedule of required verification is dependent upon the project type and 
whether the project is aggregated or non-aggregated. 

o Must take place on land that has greater than 10 % tree canopy cover. 
o Must employ natural forest management practices 
o May not include areas in which tree cover is produced or expanded in ways that 

result in the replacement of intact native grassland habitat within broadly 
recognized grassland biomes. 

o May not employ broadcast fertilization. 
o At initial verification, the project operator must sign the Reserve’s Attestation of 

Voluntary Implementation form indicating that the project is not legally required 
and was not legally required at the time of the project’s start date. For the 
purposes of the attestation, the “Project” is defined as maintaining onsite carbon 
stocks at or above their current levels (at the time the attestation is signed) for at 
least 100 years. 

• Verra- Natural Climate Solutions – Agriculture, Forestry and Other Land Use- IFM and 
VM0003- IFM through Extension of Rotation Age v1.3 (Verra 2023). 

o 40 years permanence requirement 
o The schedule of required verification is dependent upon the project type and 

whether the project is aggregated or non-aggregated 
o This methodology quantifies the GHG emission reductions and removals 

generated from improving forest management practices to increase the carbon 
stock on land by extending the rotation age of a forest, or patch of forest, before 
harvesting. 

o This methodology is applicable to managed-forests where clear cutting or patch 
cutting practices are implemented in the baseline. 

https://climateactionreserve.org/how/protocols/ncs/forest/
https://verra.org/methodologies/vm0003-methodology-for-improved-forest-management-through-extension-of-rotation-age-v1-3/
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o Forests which are subject to timber harvesting, or managed with an objective for 
earning revenue through timber harvesting in the baseline scenario are eligible 
under this methodology. 

o Prior to the first verification event, the project area must meet one of the 
following conditions: 
 Certified by Forest Stewardship Council (FSC); or 
 Subject to an easement, or equivalent instrument, recorded against the 

deed of property that prohibits commercial harvesting for the duration of 
the crediting period unless later certified by FSC. 

• VM0010 Methodology for IFM Conversion from Logged to Protected Forest v 1.4 (Verra 
2024). 

o 40 years permanence requirement 
o The schedule of required verification is dependent upon the project type and 

whether the project is aggregated or non-aggregated 
o The methodology quantifies the GHG benefits generated from preventing the 

selective logging of forests that would have been logged in the absence of 
carbon finance. This methodology is applicable where the baseline scenario 
includes planned timber harvest in the form of selective logging. Under the 
project scenario, forest use is limited to activities that do not result in 
commercial timber harvest or forest degradation. This methodology is applicable 
to tropical, temperate or boreal forests. 

o The project proponent must demonstrate intent to harvest through documented 
evidence showing: 
 The project site is representative of other forestlands harvested in the 

country within the past two years; and, 
 The project site is within commercially viable distance to existing 

transport networks and a port for timber export or a mill for timber 
processing; or, 

o A valid and verifiable government-approved timber management plan for 
harvesting the project area. 

o Planned timber harvest events in the baseline scenario can occur in any year of 
the project activity, not just year zero (0). 

Reforestation 
The following are different protocols for reforestation projects that could be used on DNR-
managed lands: 

• ACR - Afforestation and Reforestation of Degraded Lands (ACR 2017). 
o Permanence requirement of 40 years 
o Applies to lands that are degraded and are expected to remain degraded in the 

absence of the project. A/R projects in non-REDD+ countries are eligible for 
crediting. 

https://verra.org/methodologies/vm0010-methodology-for-improved-forest-management-conversion-from-logged-to-protected-forest-v1-4/
https://verra.org/methodologies/vm0010-methodology-for-improved-forest-management-conversion-from-logged-to-protected-forest-v1-4/
https://acrcarbon.org/wp-content/uploads/2023/03/ACR-Afforestation-Reforestation-of-Degraded-Land-v1.2-1.pdf
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o The methodology establishes guidelines for identifying degraded land, 
determining the eligibility, and quantifying the carbon stocks in tree biomass 
associated with the project activity – ex-post. Carbon in wood products, litter, and 
soil organic carbon are optionally quantified. 

o Projects often occur on lands previously converted to agriculture or livestock, 
lands that have been abandoned, or those that are producing marginal yields. 
Only native species that would occur under natural forest conditions are 
acceptable for planting. These credits must be tagged as removal credits 

• CAR – Reforestation (CAR 2023). 
o Permanence requirement of 100 years 
o Verification is at registration and 6 or 12-year cycle depending on project 

characteristics 
o Reporting period is annually 
o The project involves tree planting or removal of impediments to natural 

reforestation, on land that: 
 Has had 10 percent or less tree canopy cover for a minimum of 10 years 

and was previously under forest cover (including potentially as far back as 
pre-Euro-American settlement); or is a site that is appropriate for the 
support of native forests, as demonstrated by corresponding evidence 
such as historical remote sensing-based imagery or LANDFIRE Biophysical 
Settings (BPS) data; or 

 Has been subject to a significant disturbance that has reduced canopy 
cover below 25 percent within the project area. 

o The tree planting, or removal of impediments to natural reforestation, does not 
follow a commercial harvest of healthy live trees that has occurred in the project 
area within the past 10 years, or since the occurrence of a significant disturbance, 
whichever period is shorter. 

o The project may not include areas in which tree cover is produced or expanded in 
ways that result in the replacement of intact native grassland habitat within 
broadly recognized grassland biomes. 

o The project does not employ broadcast fertilization. 

Legal Authority 
As with the regulatory carbon market, to sell credits directly DNR would need explicit legislative 
authority to sell ecosystem service credits.  

DNR projects over 99 years would need an amendment to state lands leasing laws due to lease 
term limitations of 55 years with an extension to 99 years. Projects shorter than 99 years would 
be available to be leased to a third-party developer.  

https://climateactionreserve.org/wp-content/uploads/2023/07/Final_Forest_Protocol_V5.1_7.14.2023.pdf
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Market Analysis and Economic Model 
According to the Science Based Targets Initiative, there are over 8,000 companies that have 
publicly committed to net-zero emissions (De Luna 2024). Currently, almost half of the Fortune 
500 companies have set net-zero goals including Washington based companies like Microsoft, 
Amazon, and Paccar. Only two percent of companies have explicitly ruled out the use of carbon 
credits in their climate action plans (L. 2024). 

Figure 5. Voluntary Carbon Market Size, by Volume of Traded Carbon Credits pre-2005 to 2023 
(Procton 2024 p. 9). 

 

In terms of per unit prices, buyers paid $6.53 per ton of CO2e for carbon credits in 2023. While 
this was a small decline from prices in 2022, average credit prices in 2023 were higher than in 
any year before 2022. Also, the prices appear to be rebounding from this 2023 decline as of 
early 2024 (Procton 2024 p. 9).  

There are more concerns and uncertainty about additionality, integrity, and scientific rigor 
associated with voluntary credits than with regulatory credits. This is reflected in the lower price 
for voluntary credits. According to Ecosystem Marketplace, these steep declines are driven by 
two main issues. One is related to credit integrity and quality. The other is a shift in preference 
away from credits associated solely with emission reduction towards those offering co-benefits 
beyond emission reduction (Procton 2024 p. 5). 

The MACC and economic analysis in the regulatory section of this report is applicable to this 
market as well. However, this market does have the potential for shorter projects so a MACC 
could be set up for a shorter time frame than 100 years. A shorter time frame would mean fewer 
credits generated over the same area.  

Since this market has lower prices than the regulatory market, economic feasibility for DNR is 
even less likely to occur in the near future.  

https://www.forbes.com/sites/phildeluna/2024/04/09/why-are-companies-buying-so-many-carbon-removal-credits/
https://carboncredits.com/study-fortune-500-companies-using-carbon-credits-are-reducing-their-emissions-faster-for-net-zero/
https://3298623.fs1.hubspotusercontent-na1.net/hubfs/3298623/SOVCM%202024/State_of_the_Voluntary_Carbon_Markets_20240529%201.pdf
https://3298623.fs1.hubspotusercontent-na1.net/hubfs/3298623/SOVCM%202024/State_of_the_Voluntary_Carbon_Markets_20240529%201.pdf
https://3298623.fs1.hubspotusercontent-na1.net/hubfs/3298623/SOVCM%202024/State_of_the_Voluntary_Carbon_Markets_20240529%201.pdf
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Inventory 
The inventory for above ground carbon for the voluntary forest carbon market is the same as 
regulatory carbon.  

Valuation Estimate 
Below is a table with prices estimated for the voluntary market. The potential revenue is based 
on DNR putting all its forested acres into the carbon market in 2025 dollars. The revenue in the 
following tables do not include costs.  

Table 13. IFM Results from MACC for Western and Colville-Based Estimates for Eastern and 
Potential Revenue 

Geography Western WA Eastern WA Total 

MTCO2e from IFM 58,154,704 24,742,919 82,879,623 

Revenue if Sold at $7 $407,082,928 $173,200,433 $580,283,361 

Feasible at Current Price $7 0 N/A 0 
The table below details potential revenue from reasonable project sizes in eastern and western 
Washington. The western Washington projects are based on the IFM 20-year delayed harvest 
scenario. The eastern Washington projects are based on the Colville Project. There are no 
feasible acres at the $7 price per credit. There are 384 feasible acres at the $20 price per credit. 
However, this would not be enough acres for a carbon project. Prices in the voluntary market are 
variable and could be higher for DNR if there is an interested local buyer. For revenue 
projections at higher price points, see the regulatory carbon valuation section above.  

Table 14. Example Project Revenue Using Credits/Acre from MACC and Colville 

Project Acres Credits $7/credit $20/credit 
In Western WA Using MACC Credits/Acre = 38.04 

10,000 380,389 $2,662,723 $5,854,560 

100,000 3,803,890 $26,627,229 $76,077,796 

In Eastern WA using Colville Credits/Acre = 31.69 

10,000 316,900 $2,218,300 $6,338,000 

100,000 3,169,000 $22,183,000 $63,380,000 
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Screening Tool 

Initial Suitability  
Unlike the regulatory market, there are no limits on the number of credits that can be sold 
through the voluntary market. Voluntary credit use is also not constrained by location. However, 
prices are not high enough to make a project profitable and future price trends are uncertain. 

Environmental Potential  
Voluntary carbon markets have the same environmental potential as compliance markets in 
removing GHG from the atmosphere. The more credits generated through this market, the more 
carbon sequestered. Similar to regulatory credits, co-benefits would also increase with the 
creation and sale of credits in the voluntary market. 

Market Analysis  
Prices are generally lower and more volatile in this market than in the compliance markets, 
however the market is mature. The vulnerabilities and risks of this market are similar to the 
regulatory carbon market but there are also elevated concerns with additionality and verifiability 
among critics. The Commodity Futures Trading Commission is developing guidance for 
voluntary carbon market derivatives and taking enforcement actions to address voluntary 
carbon market fraud (Townsend and Holtan 2024). Overall, this market has received a mixed 
assessment. 

Project Development  
Entry and participation requirements for the voluntary market are similar to those found in the 
regulatory offset market and focus on ensuring projects meet criteria for additionality, 
permanence, exclusivity, and verification. There are several protocols for the voluntary market 
and there are opportunities for projects with shorter terms. There is no lack of third-party 
developers with experience in the voluntary carbon market. With more protocols to choose 
from, and protocols that are generally less stringent than regulatory protocols, project 
development timelines can be equivalent or slightly shorter than those associated with the 
regulatory market. 

Regional Economy  
The potential impacts to the regional economy are similar to those in the regulatory market, 
with the same level of dependence (location quotients) on forestry and the natural environment. 
But with shorter permanence requirements, any potential tradeoff between forestry and carbon 
production could be short-lived and potentially mitigated. There is also more flexibility in the 
project scenario, meaning projects can be designed to have less impact on the regional 
economy.  

https://www.hklaw.com/en/insights/publications/2024/10/cftc-doj-and-sec-announce-first-coordinated-action-aimed
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Equity Opportunity  

If DNR participates in the voluntary carbon market, it could result in improved air quality overall, 
which benefits all local communities. The voluntary carbon market also has several protocols 
and no restrictions on the number of credits produced. Therefore, the potential positive impacts 
could be even greater than those incurred via the regulatory carbon market. There is also an 
opportunity for DNR to target underserved communities by giving higher weight during the 
selection process to projects located in these communities. 

Legal Considerations  
DNR likely needs expressed authorization to sell carbon credits or ecosystem service credits in 
this market. Additionally, if DNR wanted to lease a project for longer than 100 years, the leasing 
term limits would likely need to be lengthened.  

Project Development  
The following table was designed with the help of Climate Trust to outline the steps necessary to 
set up a voluntary carbon project. Some steps may vary depending on the protocol, registry, and 
project type chosen.  

Requirements and Gap Analysis 
Table 15. Project Development Requirements and Steps 

Project 
Phases 

Description Activity Level of Effort, 
Time frame, and 

Cost  
Carbon 
Opportunity 
Summary 

Complete initial feasibility 
assessment of land parcels 
using the selected project 
methodology and confirm 
eligibility of project 
activities, land condition, 
and landowner 

Site visit with quick cruise to 
corroborate initial forest 
carbon estimates. GIS work to 
run a comparable properties 
analysis. Assessment of 
methodology eligibility 
including land condition and 
management history, 
landowner agreements and 
management plan, etc.  

2+ months  

1 FTE for 8-10 days 

Approx. $30,000  

Comprehensive 
Forest 
Inventory 

Design an efficient carbon 
inventory using statistical 
optimization techniques 
and targeting the 
precision threshold 
requirements of the 
selected methodology  

Inventory design; contracting 
and managing qualified 
professional forest inventory 
crew; Provide on-site and 
remote inventory SOP training, 
support, and data quality 
assurance  

4-6 months 

Design QA/QC- 1 
FTE for 10-16 days  

Approx. $30-55,000 

Field Inventory - 2 
FTE’s 7-9 weeks 
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$50-75,000 

Carbon 
Calculations 
and 
Monitoring 

Calculate on-site carbon 
stocks and project 
baseline against which the 
project will be assessed  

Model forest growth using 
USFS Forest Vegetation 
Simulator; calculate inventory 
uncertainty; project baseline in 
accordance with the selected 
methodology  

1 month 

 1 FTE- 10 days 

Approx. $35,000  

Develop and 
Submit Project 
Documents 

Create all project 
development documents 
as required by selected 
methodology 

Evaluate any relevant forest 
management plans, 
regulations, and conservation 
agreements; develop GHG plan, 
Risk Mitigation Agreement, 
Monitoring Reports, 
Attestations, Terms of Use, and 
other/similar documents as 
required by selected 
methodology 

3-6 months  

1 FTE- 4 weeks 

Approx. $35,000 - 
$60,000  

Validation / 
Verification 

Lead successful 
engagement with 
accredited provider for 
project Validation or 
Verification  

Contact and manage VVB; 
Deliver sufficient data and 
information to VVB; Actively 
engage with VVB for deck and 
field components; Provide 
informed response to VVB; 
Provide expert guidance to 
landowner   

4 – 6 months  

1 FTE 4-6 weeks 

Approx. $65,000 - 
$95,000 (includes 
verification support) 

Carbon Credit 
Registration, 
Marketing, and 
Sales 

Complete issuance of 
credits and implement 
robust credit marketing 
and project due diligence 
process to ensure 
successful offset sales 

Manage registry account 
including annual reporting, 
issuance documentation, and 
credit transfers; develop credit 
marketing materials and 
engage in buyer outreach; 
successfully complete buyer 
due diligence processes; track 
carbon market changes to stay 
current on market conditions; 
negotiate credit sales contracts 

Ongoing  

Cost depends on the 
size and timing of 
credit issuances  

3-4 FTE’s  

Additional legal 
expenses 

Technical 
support 
throughout 
Project Term  

Successfully complete 
required monitoring, 
reporting, and verification 

Contract and manage third-
party verifiers throughout 
project term for selected 
methodology; Re-inventory 
and model project and revise 
project documentation as 
needed;  

Ongoing  

1 FTE 6-8 weeks per 
year 

Approx. $40,000 per 
year for ongoing 
project 
management, with 
an additional 
$15,000 for desk 
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verifications. 
Additional expenses 
occur every 5 years 
for verifications, and 
every 10 years for 
forest inventory 
updates 

The table below details what DNR currently has and what gaps exist to develop a voluntary 
carbon project.  

Table 16. DNR Gap Analysis for Voluntary Carbon Project Development 

What DNR Has Gaps & Needs 

• GIS Inventory Tool and screening tool from 
this project. 

• DNR data on past forest activities, land 
management, and inventory 

• Forest health plans, priorities, and data 
• Forest management plans 
• Carbon and Forest Management Work 

Group Results 
• Capability to manage projects 
• Professional foresters and modelers on 

staff 
• Payment processes 
• Leasing and bidding processes 

• WA state law may need to be amended 
to allow direct participation or 
participation through leasing in 
Ecosystem Service markets. Internal 
processes may need updated as well for 
project approval 

• Familiarity with protocols and 
methodologies including nuanced 
understanding of the market 

• Staff capacity and/or contracting with a 
third party to run most parts of the 
project including project management, 
contract management, data collection 
and verification, sales and marketing, 
and monitoring 

• VVB review 

Implementation Plan 
The following table is a suggested implementation plan for DNR to enter the Voluntary Carbon 
market based on the requirements from the protocols and gap analysis.   

Table 17. Implementation Plan for Voluntary Carbon Offset Projects  

Steps Est. Time frame 
1. Expand the definition of valuable materials if warranted and extend 

DNR lease term limits (per protocol requirements) 
unknown 

2. Finalize roles and responsibilities for third-party developer (e.g. 
feasibility study only, feasibility study through project development, 
feasibility study through ongoing monitoring). Develop RFP to 

6-9 months from 
RFP development 
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engage services of a third-party developer and implement 
competitive bidding process to award contract  

through bidding and 
contracting 

3. Carbon Opportunity Analysis 3-6 months 

4. Comprehensive Forest Inventory 4-6 months 

5. Carbon Calculations and Monitoring 1 month 

6. Project Development and Submission 3-6 months 

7. Independent Validation and Verification  4-6 months 
(depending on 
verifier availability) 

8. Credit Registration/Marketing/Sales Ongoing 

9. Ongoing Monitoring and Reporting  Annually, and at 5- 
and 10-year 
intervals 

Conclusion 
Similar to the regulatory carbon market, the voluntary carbon market is well established and 
active in Washington. A key difference between these markets is that prices are much lower in 
the voluntary market. Based on the economic analysis done with the MACC and known credit 
prices, there are no DNR-managed lands in western Washington that are economically feasible 
to enter the market. However, prices can be variable and more analysis at the project level will 
be necessary to determine if a project is economically viable. This market should be continued 
to be monitored to evaluate when credit prices become more favorable.  

To enter this market, it is recommended that DNR utilize a third-party developer to help with 
most parts of project development since there are many carbon project developers familiar with 
the intricacies and nuances in developing a project. However, this could be done directly by 
DNR if expertise is obtained through staff development. 

Additionally, for DNR to enter this market, regulatory changes may be necessary. Just like the 
regulatory carbon market, it is unclear if DNR currently has the authority to directly sell carbon 
credits on state lands in the voluntary market. DNR’s state law may need to be adjusted to 
include this authority either by adjusting the definition of valuable materials or some other 
mechanism. However, since projects can be shorter in this market (40 years), DNR can lease 
lands to a project developer to participate. The lease term limits of 55-year timespans with the 
potential to be extended to 99 years do still limit project lengths for this market. These laws may 
need to be adjusted to enter the voluntary carbon market.  

Finally, any project that DNR enters will take time and staffing resources as detailed in the 
project development and implementation plan sections above. Projects will need to be planned 
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out with the understanding that it may take a few years before generating credits to sell in the 
market. All parts of a project will need to be adequately staffed or contracted to a third-party to 
be successful.   
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Avoided Wildfire Emissions Market 
The Avoided Wildfire Emissions (AWE) market entails the quantification of GHG emission 
reductions through the implementation of fuel treatments in forests that are at risk for high 
severity wildfire due to fire suppression and past harvesting history. AWE projects involve the 
strategic placement of fuel treatments to modify fire behavior so fire severity and its related 
impacts on forest vegetation are reduced compared to the baseline no fuel treatment.  

The working concept behind the AWE market is to address gaps in funding for restoration and 
fuel treatments by providing advanced funding through the sale of credits that are calculated 
based on future probable emission reduction. The methodology provides a mechanism for 
funding beneficial projects based on forecasted mitigation units (FMU). This market is in its 
infancy. However, due to increasing wildfire concerns, there is real interest in using this market 
to fund fuel treatments in high-risk wildfire areas.  

DNR Opportunities 
DNR-managed forests that are under risk of high-severity wildfire that need treatment would 
potentially be eligible for this market. There is currently one protocol soon to be available in 
Washington state. The Climate Forward program under the Climate Action Reserve (CAR) 
registry is the only program that currently accepts avoided wildfire emissions projects. Climate 
Forward issues GHG emission reduction credits before projects are completed to facilitate early 
investment in a wide array of innovative emission reduction projects. 

These projects are done through the Reduced Emissions from Megafires (REM) methodology 
which includes thinning, prescribed burning, pruning, removal of surface fuels (pile burning), 
and mastication. Project size can range from a few hundred to a few thousand acres and sites do 
not need to be contiguous. GHG reductions are recognized as FMUs. One FMU is equal to one 
MTCO2e expected to be reduced or sequestered. 

The REM methodology allows for credits to be generated in association with activities that are 
already planned as well as for avoided wildfire emissions projects to occur where future timber 
harvests are planned. While timber harvesting is permissible, the timber removed for harvest 
purposes is considered when calculating FMUs generated. Areas where harvesting is planned in 
the future will accrue far fewer FMUs than areas that do not have planned timber harvesting due 
to the greater potential of avoided carbon emissions in areas with larger carbon stocks. A 
harvested stand will have less carbon to burn up once it is harvested. 

To be eligible under the REM methodology, one key requirement involves how fire probability is 
determined. A standardized fire probability map covering Washington and the rest of the United 
States is being developed by Spatial Infomatics Group (SIG) and is expected to be completed in 
2025. Once this map is available, Washington will be eligible to use the REM methodology.  
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Legal Authority 
It is not certain if DNR has the authority to sell FMUs as a form of ecosystem service credits on 
state lands. This is not an authority specified in the RCWs about valuable materials. This project 
would be removing CO2 from the air so may be related to laws defining valuable materials.   

Market Analysis and Economic Model  
While the AWE market is very nascent with no active projects in Washington, it is expected to 
generate a lot of interest. Climate change and other factors are exacerbating wildfires, 
particularly in eastern Washington, wildfire prevention will become even more important 
moving forward. Wildfire prevention is a critical component of the 20-Year Forest Health 
Strategic Plan. The second goal of the Strategic Plan is to “reduce risk of uncharacteristic wildfire 
and other disturbances to help protect lives, communities, property, ecosystem, assets and 
working forests” (DNR 2024). This market aligns well with DNR’s objectives to reduce wildfire risk 
across Washington.  

The premise of this market is not expected to be controversial. No members of the work group 
voiced concerns about DNR entering this market.  

To set up a MACC based model for this market, FMUs/Ac will need to be known which is not 
available at this time. Below shows how it could be done, when this information is known: 

• Market Protocols – The REM methodology will be used once the wildfire probability 
map is complete and available for Washington. 

• Baseline – The baseline is the expected carbon emissions if no fuels reduction 
management activity occurred. 

• Additionality – Project activities meet the performance standard if they are forecasted 
to reduce GHG emissions below what would have occurred under the business as usual. 

• Permanence – The project length is 40 years. 
• Leakage, Secondary Effects, and Protocol Specific Steps – Leakage is not considered 

for this project. Secondary effects may include increases in mobile combustion CO2 

emissions associated with project implementation as well as increased CO2 emissions 
caused by shifting of emissions from harvesting activities from the project area to other 
forestlands. 

• Opportunity Costs – There is not expected to be an opportunity cost for this project 
unless DNR decides to not harvest to increase their FMU/acre amounts which is a very 
unlikely scenario. 

• Change in Management Costs – This is detailed above in the estimated project costs 
table.  

Prices are very uncertain at this time but are expected to start at approximately $10 per FMU 
and may rise as the market develops. The economic feasibility for avoided wildfire projects will 
hinge on the market price for FMUs. It is estimated that a project could produce between 0 to 
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20 FMUs per acre. The exact number is dependent on the fuel treatment used, carbon stock, and 
wildfire probability.  

Treatment costs are estimated based on numerous sources, see Greene Economics’ report for 
specific references. Entering the market and annual costs are estimated based on discussions 
with Climate Trust, carbon project developer. The following table details estimated costs for a 
project:  

Table 18. Estimated AWE Project Costs 

 

The table below shows the economic feasibility of different project sizes, FMUs per acre, and 
project prices per FMU. Since activities for this market are ones that DNR may want to do 
regardless of entering the market to reduce fire hazards and keep forests healthy, the credit sale 
revenue does not need to cover the entire price of the project. The project revenue needs to 
cover the fixed cost of entering the market and any opportunity costs associated with the 
project. DNR then needs to analyze how much of the management costs will be covered by the 
remaining project revenue and if that amount of revenue is worth doing the management 
activity and setting up a project.  

DNR operates under a management fee structure that is not taken into account in this 
assessment. This management fee varies from trust to trust. The table below is a model to help 
determine when a project might be economically feasible but projects will need further site 
specific analysis to determine if they are viable for DNR.  

 

 

 

 

 

 

 

 

 

 MGMT Action Entering the Market Annual 
MGMT 

Opportunity 
Costs 

Cost Unit Per Acre Flat Fee Flat Fee Per Acre 

All Project 
Types 

$926 $200,000 $0 $0 
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Table 19. Examples of AWE Project Economic Feasibility 

Feasibility Factor  Scenario 
1 

Scenario 
2 

Scenario 
3 

Scenario 
4 

Scenario 
5 

Scenario 
6 

Scenario 
7 

Acres 500 500 500 5000 5000 5000 5,000 

FMU/Acre 2 10 10 2 10 10 15 

Total FMUs 1,000 5,000 5,000 10,000 50,000 50,000 75,000 

Price per FMU $20 $20 $50 $20 $20 $50 $50 

Revenue $20,000 $100,000 $250,000 $200,000 $1.0 
million 

$2.5 
million 

$3.75 
million 

Cost of Management 
Action  

$463,000 $463,000 $463,000 $4.63 
million 

$4.63 
million 

$4.63 
million 

$4.63 
million 

Cost of entering the 
market  

$200,000 $200,000 $200,000 $200,000 $200,000 $200,000 $200,000 

Opportunity Cost  $0 $0 $0 $0 $0 $0 $15.4 
million5 

Total Costs $663,000 $663,000 $663,000 $4.83 
million 

$4.83 
million 

$4.83 
million 

$20.20 
million 

Does Revenue cover 
market entry and 
opportunity costs? 

No No Yes Yes Yes Yes No 

Share of Revenue 
that cover MGMT 
costs. 

0% 0% 11.0% 
$100/Ac 

0% 17.3% 
$160/Ac 

49.7% 
$460/Ac 

0% 

Price needed to 
cover fixed costs.  

$200 $40 $40 $20 $4 $4 $208 

 

Projects with 500 acres at 2 FMUs/Ac will likely never be feasible as the price needed to cover 
start up costs is too high. Larger projects with higher FMUs/Ac become more likely to be 
feasible at lower price points. While how many FMUs are available per acre will need to be 
determined at the project level, it is assumed that generating more than 10 FMUs/Ac will only 
be possible if timber harvesting is not planned. The last column shows a project at 15 FMUs/Ac, 
but since it has a large opportunity cost, it likely will never be economically feasible.  

To set up a MACC based model for this market, FMUs/Ac will need to be known which is not 
available at this time. Below shows how it could be done, when this information is known: 

 

5 Opportunity cost based on assumed $3,073/Ac for eastern Washington. Western Washington 
opportunity cost would be much higher.  
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• Market Protocols – The REM methodology will be used once the wildfire probability map 
is complete and available for Washington. 

• Baseline – The baseline is the expected carbon emissions if no fuels reduction 
management activity occurred. 

• Additionality – Project activities meet the performance standard if they are forecasted to 
reduce GHG emissions below what would have occurred under the business as usual. 

• Permanence – The project length is 40 years. 
• Leakage, Secondary Effects, Confidence Deductions, and Protocol Specific Steps – 

Leakage is not considered for this project. Secondary effects may include increases in 
mobile combustion CO2 emissions associated with project implementation as well as 
increased CO2 emissions caused by shifting of emissions from harvesting activities from 
the project area to other forestlands. 

• Opportunity Costs – There is not expected to be an opportunity cost for this project 
unless DNR decides to not harvest to increase their FMU/acre amounts which is a very 
unlikely scenario. 

• Change in Management Costs – This is detailed above in the estimated project costs 
table.  

Inventory 
Inventory was constructed to identify potential suitable AWE project areas under the REM 
methodology. A probability layer was created that evaluated the following features across DNR’s 
ownership: 

Proximity to developed or urban areas  
DNR’s Wildland Urban Interface (WUI) layer includes several categories that measure structure 
density and vegetation amounts in an area. Wildfires in WUI areas or areas with higher structure 
density mixed with vegetation require more resources and have the potential to be more 
damaging economically and socially. The following scores were assigned to account for this: 

Table 20. WUI Landcover Type and Score 

Landcover Type in WUI Layer Score 
Intermix High Structure Density 4 

Interface High Structure Density 4 

Intermix Medium Structure Density 3 

Interface Medium Structure Density 3 

Non-Vegetated High Structure Density 2 

Non-Vegetated Medium Structure Density 2 

Intermix Low Structure Density 2 

Interface Low Structure Density 2 
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Intermix Very Low Structure Density 1 

Interface Very Low Structure Density 1 

Non-Vegetated Low Structure Density 1 

Non-Vegetated Very Low Structure Density 0 

Vegetated Uninhabited 0 

Non-Vegetated Uninhabited 0 

Long-Term Non-Buildable Areas 0 

 
DNR Priorities 
DNR’s 20-year Forest Health Strategic Plan identifies priority watersheds across Washington. 
They are ranked based on fire risk, restoration need, and aquatic function, which could be 
impacted by post wildfire debris flows. Lands within these priority watersheds were given a score 
of 1. All other lands were given a score of 0. 

Carbon Stock 
Projects in carbon dense areas have greater credit potential than those in less dense areas. 
Using RS-FRIS which includes above ground carbon stocking for state lands, the top twenty 
percent of lands with the most above ground carbon stock were given a score of 5. The next 
twenty percent were given a score of 4, and so on. 

Wildfire Probability 
Projects developed in areas with high wildfire probability will receive more credits than those 
developed in areas with little wildfire risk. The wildfire probability map intended to be used for 
the REM methodology is still in development and not ready for use in Washington.  

Data from the Quantitative Wildfire Risk Assessments (QWRA) were used in place of the wildfire 
probability map. The QWRA was designed to support strategic wildfire risk management in 
Oregon and Washington. The HVRA_weNVC layer measures wildfire probability of loss on forest 
land. This layer also measure land that would actually be beneficial towards preventing a 
wildfire. Those lands were given a 0. Scoring is as follows:  

Table 21. Wildfire Risk Categories and Score 

Wildfire Risk Category from QWRA Score 
Very High Loss 4 

High Loss 3 

Moderate Loss 2 

Low Loss 1 

Neutral 0 
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Low Benefit 0 

Moderate Benefit 0 

High Benefit 0 

Very High Benefit 0 

 
Scoring Results 
All scores were incorporated into one layer. Wildfire risk was given a weight of 0.8 and the 
remaining criteria were summed and given a weight of 0.2.  

The highest potential score was 5.2 and the highest on DNR-managed lands was 4.6. The map 
below shows how DNR-managed lands scored, with a few areas highlighted that had higher 
scores. 

 

Figure 6. Avoided Wildfire Emissions Scoring Layer 

 

The table below lists what county had scores of 3.6 or higher. These areas show initial suitability 
for an AWE project. Just over 266,000 acres of DNR-managed land have a score of 3.6 or higher. 
The majority of these areas are located in Kittitas and Okanogan County. Klickitat, Chelan, and 
Skamania Counties also had many acres with high scores. Klickitat notably had the highest 
scores of any of the counties.  
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Table 22. Acres by County with Scores 3.6 or Higher 

 Avoided Wildfire Emissions Scores  
County 3.6 3.8 4.0 4.2 4.4 4.6 Total Scored 

3.6 - 4.6 

Kittitas 123,465 1,164 38 4   124,672 
Okanogan 123,654 2     123,656 
Klickitat 13,203 784 293 45 28 2 14,355 
Chelan 2,289 646 35    2,970 
Skamania 21 116 2    139 
Snohomish 12 34 21    68 
Yakima 42 6     48 
Whatcom 37 3 5    45 
Skagit 5  19    24 
San Juan 17 

 
    17 

Clallam 11      11 
Pend 
Orielle 

2      2 

TOTAL 262,759 2,756 413 49 28 2 266,007 
 

Valuation Estimates 
While prices are predicted to start at $10 per FMU, they are assumed to go up as the market 
grows. Using the potential acres from the inventory and projected prices, a valuation on 
potential revenue was developed and is detailed below. Total potential revenue at 2 FMUs / acre 
at the price of $20 for the 266,007 acres is $10.6 million. At 15 FMUs / acre, potential revenue is 
$79.8 million.  Revenue estimates at different projected prices can be found in the table below. 

Table 23. Potential Revenue for Avoided Wildfire Emissions Projects on DNR Land 

Avoided Wildfire 
Emissions 

3.6 - 3.99 4.0 - 4.39 4.4+ Total 

  Low Price = $20 
Acres 265,515 462 30 266,007 

FMUS @ 2 per acre 531,030 924 60 532,014 

FMUS @ 15 per acre 3,982,725 6,930 900 3,990,105 

Revenue @ 2 FMUs $10,620,600 $18,480 $1,200 $10,640,280 

Revenue @ 15 FMUs $79,654,500 $138,600 $18,000 $79,802,100 

  Medium Price = $50 

Revenue @ 2 FMUs $26,551,500 $46,200 $3,000 $26,600,700 
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Revenue @ 15 FMUs $199,136,250 $346,500 $45,000 $199,505,250 

  High Price =$80 

Revenue @ 2 FMUs $42,482,400 $73,920 $4,800 $42,561,120 

Revenue @ 15 FMUs $318,618,000 $554,400 $72,000 $319,208,400 

Screening Tool 

Initial Suitability  
DNR’s 20-Year Forest Health Strategic Plan aims to restore 1.25 million acres of forest to healthy 
conditions by removing unhealthy trees, prescribed fire, and other practices to increase fire 
resilience and better protect our communities. While the plan spans cross-boundary lands, many 
DNR-managed forests would benefit from treatments and are suitable for an AWE project. There 
is little detail on FMU prices because the market is so young. Estimates suggest that prices 
would likely start at $10 per FMU, which would not offer incentive to cover costs for this project. 
Prices will need to rise for this project to become more suitable for DNR. 

Environmental Potential  
Fuel treatments from these projects are intended to reduce the risk of large extreme wildfires. 
Small wildfires are beneficial to forest health—generating new growth and fertilizing the soil, 
while large wildfires seriously damage biodiversity, habitat, air quality, and flood risk potential. 
Fuel treatments can enhance forest resilience, regeneration, snow retention, and habitat quality. 
It should be noted that some fuel treatments can change the forest landscape in ways that 
negatively impact some species but there are ways to manage for this. Fuel treatments will 
reduce emissions and improve air quality.  

Market Analysis  
This market is very young. However, there is strong interest in this market, especially with 
increases in wildfire frequency. There are also concerted efforts underway to publish a wildfire 
probability map for the entire western US. Once this is released, AWE projects in Washington 
can be developed. Though an avoided wildfire emissions project will invoke little reputational 
risk due to public concern on this topic, the existing protocol is very new and the demand for 
these credits is unclear. Due to these factors, this criterion received a mixed score. 

Project Development  
The REM methodology offers a turn-key solution for DNR to enroll their state forests in the 
climate market and secure (additional) funds for the implementation of restoration treatments. 
The REM methodology requires the use of existing, predetermined datasets. SIG Carbon, as 
authors of the REM methodology, are in a good position to offer project development support. 
DNR also has in-house knowledge on how to implement treatments and manage contracts. 
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Once the probability map is available later this year, a project should be straight forward to 
implement with the help of a third-party consultant. 

Regional Economy  
Any additional work that can be done to reduce wildfires in Washington would strengthen the 
local economies. In addition to the damage that wildfire causes, there are business shutdowns, 
travel restrictions, and potential timber revenue losses associated with wildfire. Forest health 
treatments can be implemented by local work forces. For these reasons, the preliminary score 
for the regional economy is favorable. 

Equity Opportunity  
Prescribed burning holds importance with local Tribes that have been instituting this technique 
for centuries to manage forest growth. Housing in historically underserved communities is 
generally older, more degraded, and equipped with fewer insulating measures that protect 
against wildfire when compared to housing in more privileged communities. Additionally, loss of 
housing from wildfire will result in greater financial hardship for individuals from underprivileged 
communities, and smoke from wildfires will have a more adverse impact on individuals from 
these communities who have less access to health care. Reducing the frequency or severity of 
wildfires mitigates these impacts. 

Legal Considerations  
It is unclear at this time if the valuable materials laws would need to be altered to sell FMUs for 
this market.  

Project Development 
Climate Forward has a REM forecasting methodology and associated tools including a REM FMU 
calculator, REM project submittal form, and a REM forecast methodology data repository, which 
includes standardized data and assumptions guidance for all REM projects to use for project 
quantification. Projects are completed within five years and credits are awarded as soon as 
projects are completed.  

SIG Carbon is a third-party that is most familiar with the protocol associated with this market. 
Other developers could also familiarize themselves with this protocol such as The Climate Trust 
which has developed projects in Washington through Climate Forward.  

This market is completely voluntary and FMU purchasers will likely be local. Washington based 
companies with interests in areas with high wildfire risk should be targeted in the sales and 
marketing portion of the implementation plan. Local companies and citizens who want to 
improve local conditions may also wish to invest in avoided wildfire emission FMUs. 

https://climateforward.org/wp-content/uploads/2023/03/Reduced-Emissions-from-Megafires-Forecast-Methodology-v1.0.pdf
https://climateforward.org/program/methodologies/reduced-emissions-from-megafires/
https://climateforward.org/program/methodologies/reduced-emissions-from-megafires/
https://climateforward.org/program/methodologies/reduced-emissions-from-megafires/data/
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Requirements and Gap Analysis  
The following table outlines the steps necessary for DNR to develop an AWE project.  

Table 24. Project Development Requirements and Steps 

Implementation Steps Description What is Needed 
Initial Identification Identify suitable parcels for project 

development. The result should be a 
large area of parcels that are suitable 
for wildfire prevention management.  

Identify areas with high AWE 
potential using AWE GIS 
tool; catalog and review 
current leases and areas for 
timber harvest; review 
management plans  

Market Landscape Analysis Conduct a market analysis to 
determine if the revenue potential, 
market maturity and other 
considerations are suitable for DNR 
participation in the market. This can 
happen concurrently with step one  

AWE FMU prices and 
projections  

Establishing a Baseline  Establish baseline carbon using 
topographic data, tree inventory 
data, and surface fuel models from 
Climate Forward website  

Update data to represent 
baseline disturbances 
(harvest, insect infestation, 
etc.) 

Determine FMU Potential Use equations and models in REM 
protocol to determine FMU potential 

Fire probability map for WA; 
input data and models 
provided in protocol 

Develop & Submit Project 
Description 

Fill out provided project submission 
form and attach map that identifies 
planned fuel treatment areas  

GIS layer of treatment areas 
(plots) 

Monitoring and Reporting Implement project (fuel treatments). 
Use camera to capture pre and post 
treatment of plots 

360 fisheye camera; 
personnel and equipment to 
implement fuel treatments 

Independent Review by 
VVB 

Complete a project implementation 
report detailing monitoring and 
reporting activities associated with 
the project. Hire VVB approved by 
CAR to confirm the project has been 
implemented as described 
(conducted with oversight of a 
professional forester) 

Project implementation 
report; approved VVB; 
professional forester 
practicing in same 
jurisdiction as project 

Registry Acceptance & 
FMU Issuance 

Submit confirmation paperwork and 
review by VVB. Once approved, all 
FMUs are issued. There is no 
ongoing reporting or monitoring 
required. 

Confirmation paperwork 

Sales & Marketing Create marketing materials detailing 
project to share with potential FMU 
purchasers. Target companies with 

Marketing materials 
Outreach to potential credit 
purchasers 
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interests in areas with high risk of 
wildfire and/or history of investing in 
local improvement projects 

 

The table below details what DNR currently has and what gaps exist to develop an AWE project.  

Table 25. DNR Gap Analysis for AWE Project Development 

What DNR Has Gaps & Needs 

• GIS Inventory Tool and screening tool from 
this project. 

• DNR data on past forest activities, land 
management, and inventory 

• Forest health plans, priorities, and data 
• Forest management plans 
• Capability to manage projects 
• Professional foresters and modelers on 

staff 
• Forest health and fuel treatment 

implementation staff knowledge 
• Payment processes 
• Leasing and bidding processes 

• Wildfire probability map approved to be 
used by the REM methodology 

• WA state law may need to be amended 
to allow direct participation in 
Ecosystem Service markets. Internal 
processes may need updated as well for 
project approval 

• AWE FMU pricing data 
• Staff capacity and/or contracting with a 

third party to run most parts of the 
project including project management, 
contract management, data collection 
and verification, sales and marketing, 
and monitoring 

• Funding and staff or contractors to 
implement fuel management treatments 

• VVB review 

Implementation Plan 
The following table is a suggested implementation plan for DNR to enter into the AWE market 
based on the requirements from the protocols and gap analysis.   

Table 26. Implementation Plan for AWE Projects 

Steps Est. Time frame 
1. Potentially expand the definition of valuable materials  unknown 
2. Avoided wildfire emissions Opportunity Analysis 3-6 months 
3. Comprehensive Forest Inventory–update baseline data with timber 

harvesting information 
4-6 months 

4. FMU Calculations  1 month 
5. Project Development and implementation 1-5 years 
6. Independent Validation and Verification  4-6 months 
7. Credit Registration/Marketing/Sales 6 months -5 years 
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Conclusion 
The AWE market had the most support from multiple representatives of the work group. This 
market aligns well with other DNR goals to reduce the threat of wildfires across the state by 
improving forest health through forest management activities.  

The AWE market is new with specific tools for the REM methodology still in development, 
scheduled to be available sometime in 2025. Based on the economic analysis done and 
estimated FMU prices, an AWE project would not be able to be paid in full by the market prices. 
However, prices could soon be at a price point where they cover over 20% of the costs of the 
project activities or over $100/ac and all market entry costs. Since the forest management 
activities that these projects cover are ones that DNR may already want to do, or would do if 
more funding existed, this market would still be economically viable even if all costs are not 
covered. Once a probability map is developed for the REM methodology, DNR should consider 
pursuing a project of this type. This market should continue to be monitored to analyze pilot 
projects and evaluate FMU prices as the market develops. 

To enter this market, a third-party developer may be necessary to help with parts of project 
development until DNR fully understands all processes to entering this market.  

For DNR to enter this market, regulatory changes may be necessary. It is unclear if DNR currently 
has the authority to directly sell FMUs on state lands in the AWE market. DNR’s state law may 
need to be adjusted to include this authority either by adjusting the definition of valuable 
materials or some other mechanism. Projects can be shorter in this market (40 years), and DNR 
can lease lands to a project developer to participate. Credits are generated upfront in this 
market, meaning a lease could be developed for just the first years of the project and DNR could 
take over the monitoring responsibilities after credits are generated and sold.  

Finally, any project that DNR enters will take time and staffing resources as detailed in the 
project development and implementation plan sections above. Projects will need to be planned 
out with the understanding that it may take a couple years before generating credits to sell in 
the market. All parts of a project will need to be adequately staffed or contracted to a third party 
to be successful.   
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Water Quantity Market 
The water quantity market is well developed for water right sales and leasing in Washington 
state. However, water rights in Washington are complicated, with laws developed more than a 
century ago under regular legal review. The basic principles stem from a 1917 Water Code (RCW 
90.03) that adopted the governing principles for surface water rights in the state. The surface 
water code established a system of appropriative water rights and a permit/certificate system for 
new surface water rights. In 1945, policies surrounding ground water rights were established 
(RCW 90.44), extending appropriative water rights to groundwater uses, and with them came the 
legal distinction between subterranean aquifer water sources and those that originate from 
freshwater streams and lakes. In 1967, the adoption of the relinquishment statute (RCW 90.14) 
established the “use it or lose it” provision of the water code, which forces water rights holders 
to actively use their supply in order to maintain their ownership. 

All water in Washington is the property of the public and cannot be owned directly, but the right 
to a specific volume of water for a designated purpose is granted by Ecology.  Ecology monitors 
snowpack and rainfall to inform the public on potential water shortages and to maintain 
adequate stream flows for a variety of different purposes (fish, wildlife, agriculture, power, 
recreation, aesthetics, water quality, and navigation.) Water rights are established through 
appropriation and not through land ownership. Owning a piece of land does not grant the 
ability to drill a well or make use of surface water beyond small quantities. 

In addition to the “use it or lose it” principle, water rights are also regulated by seniority (“first in 
time, first in right”), which means the first party to make “beneficial” use of a water source will 
receive ultimate preference in the case of a drought. For example, junior rights holders will lose 
all their water allocation in a dry year before the more senior rights holders lose any.  A water 
right usually specifies a maximum annual quantity withdrawal, period of time throughout the 
year water can be used, specific withdrawal location, and a maximum withdrawal rate. 

DNR Opportunities 
DNR has an extensive water rights portfolio. A significant portion of these water rights are 
associated with agricultural land in central and eastern Washington.  

State law and code define the state’s values and fundamentals for managing water resources. 
These regulations include the “first in time, first in right” appropriation (RCW 90.03.010), 
authority to develop water conservation strategies (RCW 90.42.030), and the “use it, or lose it” 
principle (RCW 90.14). These regulations could impact DNR’s ability to lease their water rights. 

Ensuring DNR water rights are leased plays into the “use it or lose it principle.” DNR has 
historically experienced partial or full relinquishment of some of it’s water rights due to non-use. 
Potential revenue is lost when water rights are relinquished. The Trust Water Rights Program 
(TWRP) allows water right holders to have the state (Ecology) temporarily "hold" their water 

https://app.leg.wa.gov/RCW/default.aspx?cite=90.03&full=true
https://app.leg.wa.gov/RCW/default.aspx?cite=90.03&full=true
https://app.leg.wa.gov/RCW/default.aspx?cite=90.44&full=true
https://app.leg.wa.gov/RCW/default.aspx?cite=90.14&full=true
https://app.leg.wa.gov/RCW/default.aspx?cite=90.03.010
https://app.leg.wa.gov/RCW/default.aspx?cite=90.42&full=true
https://app.leg.wa.gov/RCW/default.aspx?cite=90.14&full=true
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rights in trust to avoid water rights from being relinquished under the "use it or lose it" rule if 
these water rights are not used for a certain period of time (RCW 90.040). This also provides 
environmental benefits while they are not in use. DNR can, and has, donated a portion of their 
water rights to the TWRP to avoid losing those water rights. By donating these rights, they lose 
the ability to generate revenue by leasing the water rights for another purpose during the 
agreed-upon period of the temporary donation. 

By leasing their water rights, DNR could prevent the relinquishment of their water rights and 
generate potential revenue. DNR also has a leasing process in place which could support water 
right leasing. It should be noted that leases generally cannot be used to support drinking water 
purposes, which require a permanent source to support basic public health needs. 

Legal Authority 
It is unclear at this time if DNR has legal authority to lease water separately from the land. This 
authority is under review. 

Market Analysis and Economic Model 
DNR has water rights that could be leased. Many shifts are occurring in water markets, especially 
as climate shifts, dam operations, and potential breaches threaten water supplies, especially for 
farmers. Also, some water rights holders have begun to participate in water markets. Water 
banking is a type of regional water market where any individual or organization can purchase 
full or partial water rights from a willing seller. One firm spent millions of dollars to attain the 
rights to areas in Doulgas, Columbia, and Walla Walla counties.6 The company claims they are 
attempting to update the state’s “arcane” water policies for a modern 21st century free market, 
but critics suggest the unprecedented acquisitions signal a concerning change in the 
management of an invaluable public resource. Acquisition of water rights by private companies 
is a vulnerability within this market space.  

DNR would need to explore how the revenue from leasing the water rights compares with the 
costs of maintaining the water lease, participating in the water market, and the opportunity cost 
of foregone revenue for that water. Leasing the water right as part of an agricultural lease is the 
most preferential option for DNR. It is unlikely DNR could lease a water right along with a 
different lease on the same plot of land. DNR recognizes that water withdrawals associated with 
new leases have the ability to impact water availability elsewhere within the basin, whether a 
ground or surface withdrawal. New leases should consider potential impacts to marginalized 
communities before being issued. 

Prices for water leases depend on a number of factors, including the quality of the water to be 
leased, location, local demand and supply, length of the lease, terms and conditions of the lease, 
and security with which the water is likely to be available. Water rights markets are highly 

 

6 Seattle Times, 2019. Wall Street spends millions to buy up Washington state water. Available here. 

https://app.leg.wa.gov/RCW/default.aspx?cite=90.40&full=true
https://www.seattletimes.com/seattle-news/environment/wall-street-spends-millions-to-buy-up-washington-state-water/
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localized in nature, which leads to substantial geographic variation in lease rates. In addition, it is 
worth noting that it may be very difficult to find suitable locations to lease existing water rights 
in some areas, which will potentially increase the search costs associated with lease operations. 
The lease values across DNR-manages lands are variable. For example, under the Water Rights 
Leasing Program of the Snoqualmie Valley Watershed Improvement District, water is leased for 
one to five years at the rate of $125 per acre feet per year (AFY) (in 2024 dollars) (Snoqualmie 
Valley Watershed Improvement District 2019).  However, based on a recent auction conducted 
by Western Water Markets for the Selah-Moxee Irrigation District Surplus Water Rights, water 
rights could be leased for as high as $275 to $350 per AFY (Western Water Market 2023). In 
addition, discussions with two experts familiar with water markets in Washington and recent 
water transaction activities in the state provide a range of $50 to $350 per AFY for leasing water. 

DNR’s water rights portfolio is diverse, and the current status and attributes of its water rights 
are unclear. Absent a thorough review and assessment of each of DNR’s water rights, it is 
difficult to know the attributes and status of these assets. Also, a proper thorough water 
valuation and market analysis would need to be conducted to determine the lease value of the 
available water rights. In general, based on research using very limited information regarding 
DNR’s water rights, the price analysis for this plan uses a low value of $125 per AFY, a medium 
value of $200 per AFY, and a high price of $350 per AFY. 

Inventory 
DNR does not currently track its individual water rights in a geospatial capacity.  However, DNR 
does keep geospatial record of their agricultural leases. While not all agricultural leases are 
irrigated or associated with a water right, DNR water rights are used almost exclusively by 
agricultural lessees. 

Ecology has a Water Rights Tracking System (WRTS) database, which includes water right 
information like status (inactive or active), quantity, purpose and person or organization who 
owns the water right.  Using common attributes between the DNR agricultural lease data and 
the Ecology WRTS database, the water rights data from the Ecology database were linked with 
agricultural leases on DNR land. The agricultural leases on DNR-managed lands with water 
rights are displayed on a layer within the water quantity web map tool (see Figure 7 below). 
They are further distinguished by inactive and active water rights status. This layer can be used 
to identify where DNR has active water rights that could be suitable for leasing.  

 

 

 

 

 

https://svwid.com/wp-content/uploads/2018/11/SVWID-2019-Leasing-Prog-FAQs-Nov-2018.pdf
https://svwid.com/wp-content/uploads/2018/11/SVWID-2019-Leasing-Prog-FAQs-Nov-2018.pdf
https://westernwatermarket.com/news/smid-surplus-water-rights-auction-results
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Figure 7. Water Quantity Inventory Map 

 

The table below includes the number of water rights linked to DNR agricultural leases and water 
quantity associated with those rights by county. DNR has 362 active water rights linked with 
their agricultural leases. Across all DNR water rights, the total water quantity in acre-feet per 
year (AFY) totals 127,935. Southeastern Washington has the highest number and usage rate of 
water rights. In general, there are fewer water rights associated with agriculture on the western 
side of the state. Due to the large number and quantity of water rights in eastern Washington 
paired with the high interest in agricultural production, this would be a good area for DNR to 
potentially pursue leasing their water rights. 

Table 27. Water Rights in Water Resource Inventory Areas 

Counties Active Water Rights Annual Water Quantity (AFY) 
Adams 27 14,480 
Asotin 9 50 
Benton 14 27,557 
Clark 2 154 

Columbia 9 0.1 
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Cowlitz 1 0 
Douglas 14 0.9 

Ferry 3 1 
Franklin 16 24,930 
Garfield 16 20 

Grant 62 30,826 
Jefferson 1 0 
Kittitas 10 14 
Klickitat 13 6,549 

Lewis 1 0.1 
Lincoln 40 651 

Okanogan 10 5,035 
Spokane 9 40 
Stevens 10 4 

Wahkiakum 1 0 
Walla Walla 8 4,029 

Whitman 40 281 
Yakima 10 13,310 
TOTAL 326 127,935 

The table above was created by Greene Economics. Internally, DNR estimates that the actual AFY 
that could be leased is substantially less and more in the range of 2,700 to 10,700 AFY.  

Valuation Estimates 
The value of water rights leased alone is potentially high. Prices vary quite a bit based on several 
factors, with values from $125 to $350 used to present the range of possibilities. The table 
shows potential revenue if the full 127,935 AFY were leased, keeping in mind that costs are not 
included in these revenues. The revenue potential could be significant, totaling between $15 and 
$44 million annually. In present value terms over 25 years at a three percent discount rate, the 
potential revenue is between $278 million and $780 million. 

Table 28. Revenue Potential for Leasing Water Rights  

Price per AFY $125 $200 $350 
AFY Leased 127,935 127,935 127,935 
Annual Revenue $15,991,875  $25,587,000  $44,777,250  
Revenue over 25 years $399,796,875  $639,675,000  $1,119,431,250  
Present Value of 25-year revenue $278,469,829  $445,551,726  $779,715,521  

 

This table does not suggest that all active water rights could be leased, nor that these actions 
would be economically or technically feasible. More research is necessary to determine this. 

With the more conservative estimates for available AFY provided by DNR, revenue potential 
would be much less and is provided in Table 29. The revenue potential could still be significant 
based on the price and available AFY ranges, totaling between $337,500 and $3.7 million 
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annually. In present value terms over 25 years at a three percent discount rate, the potential 
revenue is between $5.9 million and $65.2 million. 

 

Table 29. Revenue Potential for Leasing Water Rights by DNR 

Price per AFY $125 $200 $350 
AFY Leased 2,700 
Annual Revenue $337,500  $540,000  $945,000 
Revenue over 25 years $8,437,500  $13,500,000  $23,625,000  
Present Value of 25-year revenue $5,876,937  $9,403,100  $16,455,424  
AFY Leased 10,700 
Annual Revenue $1,337,500 $2,140,000 $3,745,000 
Revenue over 25 years $33,437,500 $53,500,000 $93,625,000 
Present Value of 25-year revenue $23,290,085 $37,264,136 $65,212,238 

 

Screening Tool 
Initial Suitability  
The inventory suggests that there are water rights with the potential to be leased in this market 
on DNR-managed lands. This market exists in Washington state with prices that would likely be 
profitable for DNR.  

Environmental Potential  
The environmental potential for water leasing is dependent on what the lease is used for. DNR 
could lease water rights for renewable energy uses, irrigated agriculture, or use by 
environmental groups. Each has associated environmental benefits. Allowing water to remain in 
streams or be used for habitat restoration, benefiting fish and wildlife, ultimately has the 
greatest environmental potential, which is why this score is mixed.  

Market Analysis  
Markets are well developed for water quantities and water rights leasing occurs throughout 
Washington with regularity. Demand for water is consistent, especially for agriculture on the 
eastern side of the state. DNR possesses certain water rights that offer the potential for leasing. 

Project Development   
The leasing of water rights would be a simple process. However, time and expert research is 
necessary to determine where the potential exists to lease water rights on DNR-managed lands. 
Additionally, if repairs or efficiency improvements are needed before a water right can be 
leased, these would need to be managed. DNR would need to properly staff the leasing of these 
water rights and utilize a third party to assist with the identification and existence of water rights 
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on DNR-managed lands. These tasks are all possible as long as these projects are properly 
funded and staffed.  

Regional Economy   
Jobs and economic output in many Washington counties depend on the agricultural sector. 
Many DNR water rights are currently used in agriculture, and these support the agricultural 
economy, though not all DNR water rights are being used at maximum capacity and some are 
not used at all. Increasing this usage would stimulate regional economies. The agricultural sector 
currently provides nearly 92,500 jobs in the state and represents about two percent of 
employment. The employment ‘multiplier’ for this sector in the state is 1.52, meaning for each 
hundred agricultural sector jobs, another 52 are linked to that sector in supporting industries. 
For these reasons the preliminary score for the regional economy is favorable. 

Equity Opportunity  
There are potential equity benefits associated with water quantity markets. For example, if 
intentional decisions are made regarding water rights availability, there is the potential to 
promote water access for underserved populations seeking to expand into new agricultural 
industries. However, because these impacts are not certain, and would require significant effort 
to implement them, the rating for this category is mixed. 

Legal Considerations  
It is unclear at this time if DNR has the authority to lease water separate from the land. This is 
currently under review. DNR may be unable to have multiple leases on a parcel which may also 
lead to challenges in entering this market. Groundwater rights, and the broader regulatory 
context for water allocation and transfers, complicate matters by imposing strict conditions on 
water transfers, which further limit DNR’s ability to engage without new legislative directives. 
These requirements result in an unfavorable score for this category. 

Project Development  
At this time, water rights are utilized in conjunction with and complimentary to DNR agricultural 
leases. If DNR has water rights that are not being used, these rights could be leased to generate 
revenue. Leasing unused rights would have the added benefit of protecting them from being 
relinquished. 

 

Requirements and Gap Analysis 
The following table details the steps necessary for DNR to enter the water quantity market.  

Table 30. Project Development Requirements and Steps 

Implementation Step Description What is Needed 
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Assessment of Water Rights Conduct a thorough review 
and assessment of each of 
DNR’s over 3,000 water rights 

Understanding of the water rights 
attributes and their legal and 
physical availability 

Leasing availability assessment of 
DNR’s water rights  

Identify Available Water 
Rights 

Perform internal review and 
assessment to identify which 
water rights are not being 
used through land leases and 
are available for leasing as a 
trust asset 

Identify water rights available for 
leasing  

Water Valuation & Market 
Landscape Analysis 

Conduct a water valuation 
and market analysis to 
determine the value of the 
available water rights and to 
assess if the revenue 
potential, market maturity, 
and other considerations are 
suitable for DNR participation 
in the market. This can also 
happen concurrently with the 
initial assessment of water 
rights  

Assessing the potential market 
values for the water rights 
available for leasing 

Understanding of water market 
revenue potential, maturity, and 
associated risks 

Refinement & 
Recommendation 

Perform a second and more 
thorough accounting of 
available water rights and 
their revenue potential based 
on the valuation and market 
landscape. Then develop 
recommendations for which 
water rights are suitable and 
feasible for leasing. In 
addition, assess which water 
right may need changes to 
attributes for better 
marketability 

Internal analysis of available water 
rights 

Tribal Consultation  Consult with Tribal Partners to 
gather input and address any 
concerns related to DNR 
entering the water quantity 
market 

Develop an understanding of 
Tribal concerns and explore 
unintended consequences of 
leasing water 

Consultation with Ecology Consult with Ecology 
regarding the status of the 
identified water rights and the 
potential to change some of 
the attributes of the water 

Developing an understanding 
with Ecology about the practical 
implications and timelines for 
leasing these water rights. 
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rights including point of use, 
category of use, etc.  

Marketing & Advertising Commence marketing and 
advertising within the 
Washington marketplace. A 
description of the water rights 
and its attributes could be 
placed on platforms such as 
Western Water Market, one of 
the more organized water 
marketplaces in the western 
United States. In addition, 
targeted outreach can also be 
conducted to potentially 
interested entities  

Marketing materials including 
information in the attributes of 
the water right. 

Outreach to potentially interested 
entities 

Auction(s) DNR may be required to lease 
the water rights through a 
bidding process. The 
auction(s) can be organized 
and marketed through 
platforms such as Western 
Water Market or through 
direct negotiations. 

Organize an auction or a series of 
auctions 

Attribute Changes (if 
needed) 

Consult with Ecology for a 
second time to change any 
attributes of the water rights, 
if needed, based on the 
results of the auction(s) and 
also to finalize and document 
the terms of the lease(s)  

Temporary changes to attributes 
of one or more water rights based 
on the results of the auction(s) 

Ongoing Monitoring & 
Administration 

Following the auction(s) and 
the necessary approvals from 
Ecology, DNR will monitor 
and administer the leases 

Management capacity 

Usage data collection 

The table below details what DNR currently has and what gaps exist to develop a water quantity 
project.  

Table 31. DNR Gap Analysis for Water Quantity Project Development 

What DNR Has Gaps & Needs 

• GIS Inventory Tool and screening tool 
from this project. 

• Leasing data on current water rights 
and agricultural leasing 

• 2023 Drought Mitigation Study 

• WA state law may need to be amended to 
allow leasing of water separate from land 

• A thorough assessment of DNR’s water 
rights and their beneficial use by a Certified 
Water Rights Examiner 
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• Ecology Database of water rights 
• Capability to manage projects 
• Staff knowledge of DNR water rights, 

regulations, and leasing requirements 
• Payment processes 
• Leasing and bidding processes 

• Identification of water rights available for 
lease 

• Water market valuation by expert 
• Staff capacity and/or contracting with a 

third party to run most parts of the project 
including project management, contract 
management, and sales and marketing  

Implementation Plan 
The following table is a suggested implementation plan for DNR to enter into the Water 
Quantity market based on the requirements from the protocols and gap analysis.   

Table 32. Implementation Plan for Water Quantity Projects 

Steps  Est. Time 
Frame 

1. Review and assess each of DNR’s over 3,000 water rights. 12-18 
months 

2. New legislation granting DNR explicit authorization to lease water rights as a 
separate trust asset if warranted. 

2-4 years 

3. Perform internal review and assessment to identify which water rights are 
available for leasing as a separate trust asset. 

4-6 
months 

4. Conduct a water valuation and market analysis to determine the value of the 
available water rights and to assess if the revenue potential and other 
considerations are suitable for DNR. 

1 year 

5. Perform a second and more thorough accounting of available water rights 
and their revenue potential based on the valuation and market landscape. 

3-6 
months 

6. Consult with Ecology regarding the status of the identified water rights and 
the potential to change some of the attributes of the water rights. 

6-12 
months 

7. Conduct marketing and advertising on platforms such as Western Water 
Market, and also carry out targeted outreach to potentially interested entities. 

9-12 
months 

8. Organized and conduct one or more auctions to lease water rights identified. 1-2 
months 

9. Consult with Ecology for a second time to change any attributes of the water 
rights, if needed, based on the results of the auction(s) and also to finalize and 
document the terms of the lease(s). 

6 months 
– 2 years 

10. Monitor and administer the leases. Ongoing 
until 
lease 

period 
concludes 
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Conclusion 
The water quantity market analyzed in this report is well established and active in Washington. 
Based on the economic analysis, inventory conducted, and estimated AFY prices, there may be 
considerable financial opportunity on DNR-managed lands. A thorough assessment detailed in 
the project development section above will be necessary to identify water rights available to 
lease. This process is underway but may need more funding and staffing to be completed.  

It is unclear at this time if DNR has legal authority to lease water separately from the land. This 
authority is under review. State law may need to be adjusted to include this authority by altering 
its leasing laws. Additionally, it is unlikely that DNR will be able to lease a defined area to two 
different lessees.  

Finally, research into this market will take significant staff time and contractor involvement. 
Resulting leases will require staff management. Projects will need to be planned out with the 
understanding that it may take a few years before water rights are identified to lease. All parts of 
a project will need to be adequately staffed or contracted to a third party and funded to be 
successful. 
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Blue Carbon Market 
Blue carbon is a blanket term encompassing “all biologically driven carbon fluxes and storage in 
marine systems that are amenable to management” (Hilmi and others 2021). Blue carbon areas 
are valuable because of their ability to sequester and store carbon while also providing 
numerous other ecological co-benefits.  Co-benefits of blue carbon ecosystems include 
providing nursery habitats for many species of fish and shellfish, contributing to strong coastal 
resiliency, supporting a high level of biodiversity, and having the capacity for climate adaptation. 

Currently, the Intergovernmental Panel on Climate Change (IPCC) recognizes rooted blue carbon 
habitats, such as mangrove forests, seagrass meadows, and tidal wetlands, as the primary 
ecosystem markets associated with blue carbon, as they have the most quantified measures of 
carbon burial rates in sediments (Lee and others 2023 p. 184). The blue carbon potential of other 
coastal ecosystems, including kelp forests and tidal flats, is also under investigation (Krause-
Jenson and others 2018, Frujita and others 2023, McHenry and others 2024, ). Seagrass 
meadows, kelp forests, and salt marshes are coastal blue carbon ecosystems under 
consideration by DNR.  

There are two factors to consider when discussing blue carbon ecosystem evaluation: 
conservation and restoration. Conservation focuses on preventing degradation which releases 
stored carbon into the atmosphere (Hilmi and others 2021).  Conserving blue carbon 
ecosystems could potentially avoid the release of up to 500 megatons of carbon annually. 
Conversely, restoration focuses on expanding these blue carbon ecosystem areas, which some 
researchers estimate could lead to a global impact equivalent to more than 1.2 gigatons of 
carbon abatement per year (Claes and others 2022). 

DNR Opportunities 
There are different types of blue carbon projects with potential suitability in Washington and 
they are of most interest to DNR’s aquatic lands. However, there are currently no protocols in 
the regulatory or voluntary markets for the Pacific Northwest (PNW). Until a protocol is 
developed, a project cannot be completed in Washington. A protocol is in development for 
projects involving tidal wetlands (including salt marshes). Ecology is exploring adding tidal 
wetland blue carbon projects to the regulated carbon market space. However, there are limited 
amounts of tidal wetlands managed by DNR and it could take from 5 to 15 years for this 
protocol to be completed. Seagrass meadows, kelp forests, and tidal flats are common on DNR-
managed aquatic lands and would be of interest to develop a project, but the timeline for the 
development of a relevant protocol is even longer than for tidal wetlands.  

The potential carbon sequestration (and subsequent credit generation) associated with coastal 
blue carbon ecosystems is low relative to the cost of project development, limiting interest in 
this market at this time. For example, the carbon sequestration potential associated with a 100 
acre pilot project undertaken by the Port of Seattle in 2018 ranged from a high of 

https://www.frontiersin.org/journals/climate/articles/10.3389/fclim.2021.710546/full
https://www.ipcc.ch/report/ar6/syr/downloads/report/IPCC_AR6_SYR_SPM.pdf
https://royalsocietypublishing.org/doi/10.1098/rsbl.2018.0236
https://royalsocietypublishing.org/doi/10.1098/rsbl.2018.0236
https://www.sciencedirect.com/science/article/abs/pii/S0308597X23002804?via%3Dihub
https://www.biorxiv.org/content/10.1101/2024.04.05.586816v1
https://www.frontiersin.org/journals/climate/articles/10.3389/fclim.2021.710546/full
https://www.mckinsey.com/capabilities/sustainability/our-insights/blue-carbon-the-potential-of-coastal-and-oceanic-climate-action
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0.97MT/ac/year for riparian areas, 0.88MTC/ac/yr for intertidal marsh areas to only 0.25 and 
0.32MTC/ac/yr for shallow subtidal eelgrass and deep subtidal kelp respectively (at a total cost 
of $750,000 or $7,500 / ac) (Sloan 2018). There are no plans to develop market protocols for 
these types of projects in the Pacific Northwest for either the voluntary or regulatory markets. 

DNR may still have interest in developing these projects for conservation and habitat restoration 
value. Kelp forests and eelgrass meadows are vital nearshore habitats that hold significant 
ecological, economic, and social-cultural value for the people and ecosystems of Washington 
State. DNR developed a Statewide Kelp Forest and Eelgrass Meadow Health and Conservation 
Prioritization Plan to provide guidance for sub-basin scale engagement and selection of priority 
sites contributing to the goal of at least 10,000 acres of kelp and eelgrass habitat conserved and 
restored by 2040. Blue carbon is included as a goal of the conservation and recovery plan. The 
Voluntary Biodiversity and Habitat market is also an opportunity to meet goals of conserving 
kelp forests and eelgrass meadows. More on this can be found in the next section. 

Legal Authorization 
Since protocols often stipulate what other activities can be done concurrently with the 
ecosystem service project, it is difficult to say how a blue carbon project would affect the current 
land use for DNR-managed lands. DNR is authorized to directly sell valuable materials from 
aquatic lands (RCW 79.105.100). It is not certain if the aquatic lands definition for valuable 
materials includes ecosystem service credits.  

DNR may also lease beds of navigable water to any persons for a period no longer than 30 years 
(RCW 79.130.010 and RCW 79.130.020). DNR may lease all state-owned tidelands and 
shorelands for a period not to exceed 55 years (RCW 79.125.200). If the blue carbon protocols 
developed have permanence requirements of longer than 30 or 55 years, then DNR may not be 
able to enter this market without extensions to these terms. 

Market Analysis 
Due to the lack of protocols, this market does not exist in the Pacific Northwest at this time and 
is very limited in the United States.  

CARB and Ecology have both shown interest in formally incorporating blue carbon into the 
regulatory carbon market. The California regulatory market allows blue carbon offset credits to 
be used subject to approval on a case-by-case basis and at least one project has been approved 
(Wasson 2021).  

Some registries within the voluntary carbon market accept blue carbon projects, though the 
number of credit-producing blue carbon projects is limited and mostly located in developing 
countries. Specialist companies like Verra and Plan Vivo have begun working closely with coastal 
communities to sell blue carbon credits (World Ocean Initiative 2022). One project in 
development under the Verra VCS VM0033 blue carbon protocol is located in Virginia. A blue 
carbon project was developed by the Port of Seattle in Washington and a few blue carbon 

https://cedar.wwu.edu/ssec/2018ssec/allsessions/426/
https://app.leg.wa.gov/ReportsToTheLegislature/Home/GetPDF?fileName=2023_KelpAndEelgrassHealthAndConservation_Prioritization%20Plan_196dcf40-a44c-47f2-b973-7c11f578a5b0.pdf
https://app.leg.wa.gov/ReportsToTheLegislature/Home/GetPDF?fileName=2023_KelpAndEelgrassHealthAndConservation_Prioritization%20Plan_196dcf40-a44c-47f2-b973-7c11f578a5b0.pdf
https://app.leg.wa.gov/rcw/default.aspx?cite=79.105.100
https://app.leg.wa.gov/RCW/default.aspx?cite=79.130&full=true
https://app.leg.wa.gov/RCW/default.aspx?cite=79.130&full=true
https://app.leg.wa.gov/RCW/default.aspx?cite=79.125.200
https://elkhornslough.org/files/State_of_Estuary_2021.pdf
https://impact.economist.com/ocean/ocean-health/are-blue-carbon-markets-becoming-mainstream
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feasibility assessments have been conducted, but no local projects have been registered in the 
voluntary market space. 

Due to various financial, practical, and legal hurdles, the scale of these projects is small, keeping 
both supply and demand low (World Ocean Initiative 2022). The low demand has led to projects 
being less attractive to developers due to their size and comparatively high costs. Despite the 
newness of this market and its initial challenges, some estimates predict that the blue carbon 
market will grow from its existing size of $1.43 billion in 2023 to $2.53 billion by 2030 (For 
Insights Consultancy 2024).  The most optimistic projections estimate that blue carbon markets 
may be worth over $190 billion annually as soon as 2030 (World Bank Group 2023). 

Currently, blue offset carbon credit pricing models demonstrate that there is uncertainty in the 
future of this market, which is reflected in a wide range of credit prices. In recent years, blue 
carbon credits have been valued at prices as low as $7.53 (Klein 2022) and as high as $35 (L. 
2023) per MTCO2e sequestered. This increased from 2019-2020, when blue carbon credits sold 
for $6 or $7. In March of 2024, the Oil Price Information Service (OPIS), estimated the average 
Blue Carbon vintage 2023 Credit value was $33.01, significantly higher than the average 
REDD+vintage 2023 credit value of $11.71 (Kronk 2024). The vintage of a credit refers to the 
year in which it was issued or when the emission reduction associated with the credit occurred 
(Andersen and Ramesh 2023). Price depends on a variety of factors, chief among them being 
location; currently most blue carbon projects are located in Asia or Central America where they 
involve growing mangroves. 

The Pacific Northwest Blue Carbon Working Group has begun to lay the foundation to develop a 
PNW specific protocol based off of Verra’s VM00333 standard, but a lot of work remains (Crooks 
and others 2020). Blue carbon projects developed to work in Washington would be entirely new 
initiatives, which means uncertainty as to whether credits would be worthwhile (and at what 
price) in the international market. Absent entry into an international voluntary market, a 
domestic marketplace for these products would need to be developed, which would entail 
considerable effort and risk.  

Economic Model 
The following information details how an economic model can be constructed for this market: 

• Market Protocols – There are no available market protocols at this time. The one 
furthest in development is based off the Verra VM0033 protocol for tidal wetlands and 
seagrass restoration. 

• Baseline – The baseline is defined by the current land management regulations and 
activities that are in place such as Washington’s wetland regulations and protections. 
Regulations around shellfish harvesting and any current land management actions on 
Aquatic lands would serve as the base line. 

• Additionality – Any conservation or restoration activities that are not required in the 
baseline are additional.  

https://impact.economist.com/ocean/ocean-health/are-blue-carbon-markets-becoming-mainstream
https://www.forinsightsconsultancy.com/reports/blue-carbon-ecosystem-services-market
https://www.forinsightsconsultancy.com/reports/blue-carbon-ecosystem-services-market
https://www.worldbank.org/en/news/feature/2023/11/21/what-you-need-to-know-about-blue-carbon
https://trellis.net/article/blue-carbon-will-be-next-frontier-carbon-crediting/
https://www.opisnet.com/blog/high-costs-geopolitical-risks-blue-carbon/
https://bezerocarbon.com/insights/vintage-based-ratings-mind-the-gap
https://verra.org/methodologies/vm0033-methodology-for-tidal-wetland-and-seagrass-restoration-v2-1/
https://www.pnwbluecarbon.org/_files/ugd/43d666_2c5acc56fba34b189903ea528d7ef3be.pdf
https://www.pnwbluecarbon.org/_files/ugd/43d666_2c5acc56fba34b189903ea528d7ef3be.pdf
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• Permanence – Project length is unknown at this time, the scenarios below assume a 40-
year permanence but it may be longer depending on the protocols developed. 

• Leakage, Secondary Effects, Confidence Deductions, and Protocol Specific Steps – 
Leakage is any degradation that would be shifted offsite due to the restoration of this 
project. Secondary effects and Confidence deductions are unknown until there is a 
protocol. Secondary effects could be significant due to the shifting environment due to 
the nature of the ocean. 

• Opportunity Costs – The opportunity cost will be whatever the expected revenue from 
the current land use is, assuming that land use will be transitioned to the conservation or 
restoration of the land. This would most likely be $0, assuming projects are set up on 
lands not generating revenue. However, this would be whatever the value of the current 
land use is if set up on lands generating revenue.  

• Change in Management Costs – Estimated costs are shown in the table below. There is 
expected to be a management cost per acre, a cost to enter the market, and annual and 
5-year management costs.  

An economic model was developed based on the limited amount of information known about 
the blue carbon market. Management costs are estimated based on how much it costs to 
restore wetlands (Natural Resources and Working Lands 2025). Entering the market and ongoing 
costs were estimated based on the Chesapeake Bay blue carbon project (Landaverde, A.C. 2023). 
Table 32 shows assumed costs for a tidal wetland restoration project.  

Table 33. Example Blue Carbon Market Costs 

 MGMT Action Entering the Market Annual 
MGMT 

Ongoing 5-year MGMT 

Cost Unit Per Acre Flat Fee Flat Fee Flat Fee 

All Project 
Types 

$9,425 $303,000 $16,000 $65,000 

 

Table 33 shows example projects with their costs and revenues for a 40-year project. None of 
the scenarios shown would be economically feasible and it is unlikely that a project would be 
economically feasible, even with much higher prices. If management prices end up being much 
lower, then projects may become more economically feasible.  

DNR operates under a management fee structure that is not taken into account in this 
assessment. The table below is a model to help determine when a project might be 
economically feasible but projects will need further site-specific analysis to determine if they are 
viable for DNR.  

 

 

https://www.capecodcommission.org/resource-library/file/?url=/dept/commission/team/Website_Resources/CAP/tool/Climate%20Action%20Fact%20Sheet-Supporting%20Coastal%20Wetlands.pdf
https://www.conservationgateway.org/Documents/Guide-for-Blue-Carbon-and-Resilience-Credits-in-the-Chesapeake-Bay-2.pdf
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Table 34. Example Blue Carbon Market Project Preliminary Economic Feasibility 

Feasibility Factor Scenario 
1 

Scenario 
2 

Scenario 
3 

Scenario 
4 

Scenario 
5 

Acres 100 400 400 10,000 10,000 
MTCO2e (credits) 88 352 352 8,800 8,800 
Price per credit $22 $7 $22 $7 $22 
Annual Revenue $1,936 $2,464 $7,744 $61,600 $193,600 
40-year Revenue  $77,440 $98,560 $309,760 $2.46 

million 
$7.74 

million 
Cost of MGMT Action $942,500 $3.77 

million 
$3.77 

million 
$94.3 

million 
$94.3 

million 
Cost of entering the market $303,000 $303,000 $303,000 $303,000 $303,000 
Ongoing MGMT 40-year Costs  $1.16 

million 
$1.16 

million 
$1.16 

million 
$1.16 

million 
$1.16 

million 
Opportunity cost  $0 $0 $0 $0 $0 
Total Blue Carbon Costs $2.41 

million 
$5.23 

million 
$5.23 

million 
$95.7 

million 
$95.7 

million 
Net Revenue -$2.33 

million 
-$5.13 
million 

-$4.92 
million 

-$95.7 
million 

-95.5 
million 

Economically feasible to enter 
market? 

No No No No No 

Inventory 
Though there are no local protocols for seagrass and kelp blue carbon projects, this may change 
in the future. The inventory has layers that include the location of kelp forests on DNR lands and 
a layer with seagrass locations on DNR lands. DNR conducts annual surveys of kelp canopy data 
within their Aquatic Reserves, along the Pacific Coast, the Strait of Juan de Fuca, and at other key 
locations in Puget Sound (DNR 2025). DNR has also annually surveyed seagrass extent at index 
sites throughout Puget Sound since 2000 (DNR 2025), and conducts additional surveys beyond 
the index sites as resources allow.  

Greene Economics compiled an inventory of tidal wetlands for DNR that can be found in their 
Plan. It is not presented here because DNR’s focus is on kelp forests, eelgrass meadows, and salt 
marshes.  

Screening Tool 

Initial Suitability  
For DNR, blue carbon projects could occur on the 2.6 million acres of aquatic lands, including 
the Puget Sound, the Pacific coast, the Strait of Juan de Fuca, and the many navigable lakes, 
rivers, and streams within the state’s borders (DNR 2024). The most common vegetated aquatic 

https://wadnr.maps.arcgis.com/apps/webappviewer/index.html?id=f10864050bf14f57ba751ae53bc061f5
https://wadnr.maps.arcgis.com/apps/webappviewer/index.html?id=83b8389234454abc8725827b49272a31
https://www.dnr.wa.gov/programs-and-services/aquatics/aquatic-districts-and-land-managers-map
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habitats that the state manages are kelp forests and seagrass meadows, with more limited area 
of salt marsh and other tidal wetlands.  

Pricing models for blue carbon offset credit indicate high variability. While there is potential for 
a project based on the landscape type, due to the present-day blue carbon credit price and 
lacking established local market, this is given a mixed score. 

Environmental Potential  
The conservation or restoration of blue carbon habitats have great multi-benefit environmental 
potential, including the sequestration of carbon to mitigate climate change for blue carbon 
markets. Blue carbon habitats are foundations of complex food webs, supporting a wide range 
of species as a source of shelter and food. Vegetated blue carbon habitats also improve water 
quality and can reduce storm surge and flooding impacts on shorelines.  

Market Analysis  
There are very few projects in the US, and none approved for Washington. There is presently no 
market in the region for blue carbon. Without a developed protocol, it is difficult to know the 
economic feasibility of entering this market, but outlook at this time is low. This is given a low 
score. 

Project Development  
There are currently no established protocols for voluntary blue carbon credit projects in 
Washington, making it very difficult to set up a project. This also means that no project 
developers have experience developing a blue carbon project in Washington.  

Regional Economy  
A project could strengthen local aquatic industry economies, such as commercial and recreation 
fishing, and would likely not replace current industry. The addition of blue carbon projects 
would likely be a stimulus to the local economy, particularly through tourism.  

Equity Opportunity  
These projects will improve the health of marine ecosystems, providing new opportunities for 
recreation and increasing local fish populations, and could benefit individuals in historically 
underserved areas who often have a greater reliance on subsistence fishing and hunting to 
support their community. The associated climate mitigation capabilities of these projects could 
also benefit the many underserved communities along the coast that are disproportionately 
impacted by sea level rise, increased storm surges, and flooding. If blue carbon projects are 
strategically placed near underserved communities, this score would be favorable. Because exact 
project locations are unknown at this juncture, this score is mixed.  

Legal Considerations 
The authority to sell blue carbon credits on Aquatic public lands is not certain at this time. 
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Project Development 
Tidal wetland projects have the most developed protocol in Washington state. These projects 
include activities which improve water quality, alter sediment supply and salinity, restore native 
vegetation, eradicate invasive species, or otherwise create, restore, or manage hydrological 
conditions. These projects focus on returning tidal wetlands to historical conditions, primarily 
through the removal or modification of tidal barriers. When inundated with seawater, these 
areas generate reduced methane and carbon dioxide emissions and sequester carbon within soil 
and biomass at a rate that makes them viable for carbon finance projects(Crooks and others 
2020).  
In 2018 and 2019, the Institute for Applied Ecology and the Pacific Northwest Coastal Blue 
Carbon Working Group conducted a feasibility study evaluating the viability of blue carbon 
projects in Washington (NOAA 2018). A second study conducted in 2020 by Strategic 
Collaborations, LLC, provided an initial assessment of opportunities and identified data gaps 
that would need to be addressed before developing project level guidance. Both assessments 
used the Verra VCS VM0033 methodology. These studies represent an initial first step towards 
developing a protocol that would work in Washington. However, through interviews with third-
party developers, including some who participated in these research efforts, the general 
conclusion is that there is not sufficient momentum at this time to develop a PNW specific 
protocol (Shery 2025). This is primarily because it will be difficult to demonstrate additionality 
due to the number of existing regulations that already protect tidal wetlands. 

The Virginia Coast Reserve Seagrass Blue Carbon Project is the only seagrass project currently 
under development in the United States. It is being developed through a partnership with The 
Nature Conservancy (TNC), the Virginia Department of Environmental Quality, and the Virginia 
Institute of Marine Science. The project uses the Verra VCS VM0033 protocol and has a 40-year 
permanence requirement. If a protocol is developed for the PNW, it will likely be similar to 
VM0033. 

Requirements and Gap Analysis 
The following table outlines the steps necessary for DNR to develop a blue carbon project.  

Table 35. Project Development Requirements and Steps 

Implementation 
Step 

Description Estimated 
Costs 

What is Needed 

Initial 
Identification 

Identify potentially 
suitable parcels for 
project development. 
Simultaneously 
conduct a market 
landscape analysis. 

 Identify coastal areas with high 
potential; 
Catalogue and review current aquatic 
leases 

https://www.pnwbluecarbon.org/_files/ugd/43d666_2c5acc56fba34b189903ea528d7ef3be.pdf
https://www.pnwbluecarbon.org/_files/ugd/43d666_2c5acc56fba34b189903ea528d7ef3be.pdf
https://www.pnwbluecarbon.org/_files/ugd/43d666_076d61dcf0ad48ac8c8c138372324a70.pdf
https://registry.verra.org/app/projectDetail/VCS/2360
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Baseline 
Establishment 
& Credit 
Potential 
Determination 

Before a project can 
be registered, the 
baseline scenario 
must be determined 
using registry 
protocols (VM0033 
and VMD0019 – 
methods to project 
future conditions). 
Then the project 
scenario must be 
determined using the 
same registry 
protocols. The 
baseline scenario 
emissions are 
compared to the 
project scenario (what 
happens once the 
project is 
implemented) to 
determine credit 
potential. 

$35,000 - 
$115,000 

Site data (project boundaries, habitats 
or vegetation mapping, topography, 
infrastructure impeding tidal hydrology, 
climate variables); Blue carbon 
assessment data (carbon sequestration 
rates determined from soil core 
samples, biomass stock rates, methane 
emission rates based on site-specific 
measurements, sea level rise 
projections) – literature-based values 
can be used if site specific data is not 
available 

Project 
Proposal 
Development 

Design project and 
monitoring plan that 
meet VM0033 
protocol 
requirements.  

$85,000 - 
$100,000 

Project description and monitoring plan 
(describe how the quantification of 5 
years of offset/resilient benefit will be 
performed) 

Third Party 
Project Review 

Before verification, a 
third party not 
affiliated with the 
project developer 
must perform an 
independent review of 
the project proposal 
and monitoring plan. 
This includes a field 
visit. The registry will 
have a list of 
approved verifiers.  

$6,000 - 
$65,000 

Third-party verifier (VVB) 

Registry 
Acceptance and 
Credit Issuance 

Once the project has 
been verified, the 
project is officially 
validated and 
registered. The project 
must then be 
implemented. The 
project can start 

$10,000 Project Manager and initial support to 
get the project started; VVB is needed 
at the end of each reporting period (At 
least every 5 years) 
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selling credits once 
the first monitoring 
period is completed, 
and the monitoring 
report has been 
verified by a third 
party (maximum 5-
year monitoring 
period) 

Sales & 
Marketing 

While the credits 
themselves cannot be 
sold until they are 
verified and appear 
on the chosen 
registry, the actual 
marketing of those 
credits should begin 
long before this step. 
In a best-case 
scenario, a potential 
buyer or buyers are 
identified during the 
initial planning phases 
of the project. 
Marketing materials 
should include credit 
info and any 
associated co-
benefits. 

 Marketing materials; Outreach to 
potential credit purchasers 

Ongoing 
Monitoring & 
Reporting 

Monitoring reports 
are required at least 
every five years but 
may be conducted 
more frequently. 
Frequency for most 
data collection is 
annual. 

$31,000 per 
period 

Management capacity; data collection 
from site annually 

 

The table below details what DNR currently has and what gaps exist to develop a blue carbon 
project.  

Table 36. DNR Gap Analysis for Blue Carbon Project Development 

What DNR Has Gaps/Needs 
• GIS Inventory Tool from this 

project. 
• DNR aquatic lease data 

• Blue carbon Protocol that is applicable to Washington 
• WA state law may need to be amended to allow direct 

participation in Ecosystem Service markets 
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• Kelp, eelgrass, and wetland 
GIS data 

• Capability to manage projects 
• Conservation and restoration 

staff knowledge 
• Payment processes 
• Leasing and bidding 

processes 

• PNW Blue Carbon Work Group Carbon Calculator (in 
development) 

• Updated data and analysis 
• Staff capacity and/or contracting with a third party to 

run most parts of the project including project 
management, contract management, data collection 
and verification, sales and marketing, and monitoring 

• VVB verification  

Implementation Plan 
The following table is a suggested implementation plan for DNR to enter into the Blue Carbon 
market based on the requirements from the protocols and gap analysis.   

Table 37. Implementation Plan for Blue Carbon Projects 

Steps Est. Time frame 
1. Develop protocol that applies to the PNW Unknown (5-15 years) 
2. Expand the definition of valuable materials; 

extend DNR’s lease term limits specifically for 
ecosystem service projects if warranted 

Unknown 

3. Identify and engage third-party developer 6-9 months from RFP development 
through bidding and contracting 

4. Blue Carbon Opportunity Analysis 3-6 months 
5. Comprehensive Blue Carbon Inventory (eelgrass 

and tidal wetlands) 
4-6 months 

6. Carbon Calculations and Monitoring 1 month 
7. Project Development and Submission 3-6 months 
8. Independent Validation and Verification  4-6 months 
9. Credit Registration/Marketing/Sales Ongoing 
10. Ongoing Monitoring and Reporting  Annually and at 5-year intervals 

Conclusion 
The biggest barrier to entering this market is the lack of an existing protocol for the PNW. Until 
a protocol is developed, it is unlikely that DNR will be able to participate in this market. A 
voluntary based protocol for tidal wetland projects is in development for Washington but there 
are limited applicable acres on DNR-managed lands. Blue carbon projects are under review by 
Ecology for the compliance market but a timeframe for when these projects will be available is 
unknown.  

The blue carbon market is very nascent. Based on the economic analysis conducted and 
estimated prices, there are currently no DNR-managed lands that are economically feasible to 
enter the market.  
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To enter this market, it is recommended that DNR utilize a third-party developer to help with 
most parts of project development since carbon project developers will be most familiar with 
the intricacies and nuances in developing a project. This is recommended at least until DNR 
develops expertise in how these projects are set up.  

For DNR to enter this market, regulatory changes may be necessary. It is not certain if DNR 
currently has the authority to directly sell carbon credits on Aquatic public lands. DNR’s state law 
may need to be adjusted to include this authority either by adjusting the definition of valuable 
materials for Aquatic lands or some other specific mechanism. However, since projects might be 
shorter in this market, DNR might lease lands to a project developer to participate. The lease 
term limits of 30 years for beds of navigable waters and 55-years for tidelands and shorelands 
might still limit DNR’s ability to enter this market. These laws may need to be adjusted to enter 
the blue carbon market. 

Any project that DNR enters will take time and staffing resources as detailed in the project 
development and implementation plan sections above. Projects will need to be planned out with 
the understanding that it may take a few years before generating credits to sell in the market. All 
parts of a project will need to be adequately staffed or contracted to a third-party to be 
successful.  

It is recommended currently that DNR not pursue a project in this market but continue to 
monitor it as it develops and new protocols become available.   
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Voluntary Biodiversity and Habitat 
Market 
Habitat and biodiversity markets offer a response to the unsustainable scale and pace at which 
biodiversity is currently being destroyed by providing a means to insert financial values for 
nature into markets, economies, and businesses.  

The concept of a voluntary biocredit market was initiated after global reports and summits 
showed the importance of investing in biodiversity and habitats. The goal of this movement is 
not just to balance environmental damage with environmental improvements, but to have a 
positive impact on biodiversity over time. The Biodiversity Credit Alliance defines a biodiversity 
credit as “a certificate that represents a measured and evidence-based unit of positive 
biodiversity outcome that is durable and additional to what would have otherwise occurred” 
(Biodiversity Credit Alliance 2024). 

Voluntary biocredit market concepts are new, and many different ideas cover varying 
geographic scales, so biocredits have a variety of measures. Some aspects are consistent. 
Biocredits are proposed and offered as a net-positive contribution to biodiversity conservation 
or restoration. Biodiversity offsets are the counterpart, designed to compensate for significant, 
residual, adverse impacts on biodiversity arising from project development (Palmegiani and 
others 2023). Metrics for measuring biocredits can be ecosystem level (tracking a basket of 
metrics across all aspects of an ecosystem), habitat level (tracking critical aspects of habitat for a 
specific fauna species), and vegetation level (tracking vegetation conditions as a proxy for 
overall condition of terrestrial ecosystem). Most current schemes focus on terrestrial ecosystems 
(Waterford and others 2023). The voluntary biodiversity market operates similarly to the 
voluntary carbon market. Some organizations like PlanVivo plan to use biocredit add-ons with 
their carbon credits, essentially making certain carbon credits more valuable by stating those 
credits also improve biodiversity by preserving critical habitat (Palmegiani and others 2023). 

DNR Opportunities 
This market has yet to take firm hold in the US, though there are several pilot projects in 
development. Biodiversity projects generally have 10 to 100-year lifespans. The Verra SD VISta 
Nature Framework allows the project proponent to determine project duration, which can last 
anywhere from 20 to 100 years. Using this registry and framework, DNR could independently, or 
in concert with a third-party developer, design a project.  

Unlike some of the other ecosystem service market opportunities, biodiversity projects vary 
greatly from project to project due to the unique features of each project site. In general, 
projects fall into two subcategories: conservation and restoration. Conservation projects 
preserve highly intact ecosystems and restoration projects restore degraded ecosystems. To be 

https://www.biodiversitycreditalliance.org/wp-content/uploads/2024/05/Definition-of-a-Biodiversity-Credit-Rev-220524.pdf
https://climatefocus.com/publications/biodiversity-credits-markets-charting-pathways-for-early-investment-and-sustainable-market-growth/
https://climatefocus.com/publications/biodiversity-credits-markets-charting-pathways-for-early-investment-and-sustainable-market-growth/
https://climatefocus.com/publications/biodiversity-credits-markets-charting-pathways-for-early-investment-and-sustainable-market-growth/
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eligible for a conservation project, a project proponent must identify existing threats to the 
ecosystem.  

Restoration activities could include anything that explicitly targets improvement of a natural 
ecosystem’s ecological condition for both flora and fauna. For example, DNR could identify and 
remove threats to biodiversity like invasive species. Reforestation and revegetation are other 
activities that are typically seen in biodiversity restoration projects (Verra 2024). 

Like other markets, to produce biocredits through this market, actions must be additional. DNR 
already operates under a Habitat and Conservation Plan (HCP) that protects species like the 
Marbled Murrelet and the Northern Spotted Owl, and also maintains different management 
plans for other species, such as the Canada Lynx. These plans do not prevent DNR from entering 
this market; they simply require that any restoration actions must be additional or go above and 
beyond existing obligations.  

As discussed in the Blue Carbon Market section, this may be an opportunity to meet 
conservation goals for statewide kelp forests and eelgrass meadow conservation and 
restoration. The Prioritization Plan framework and roadmap can be used to help identify future 
projects on Aquatics lands.  

Legal Authority 
Similar to the carbon markets, to sell ecosystem service credits directly on state lands, DNR 
would likely need to amend the valuable material state laws or obtain expressed authorization. It 
is unclear at this time if DNR has authority to sell ecosystem service credits on Aquatic public 
lands. 

DNR projects over 99 years would likely need an amendment to state lands leasing laws due to 
lease term limitations of 55 years with an extension to 99 years. Projects shorter than 99 years 
would be able to be leased to a third-party developer on state lands.  

DNR may also lease beds of navigable water to any persons for a period no longer than 30 years 
(RCW 79.130.010 and RCW 79.130.020). DNR may lease all state-owned tidelands and 
shorelands for a period not to exceed 55 years (RCW 79.125.200). DNR would be able to lease to 
third-party developers for projects shorter than these terms. 

Market Analysis and Economic Model 
The World Economic Forum estimates that “with effective progress across multiple fronts, global 
demand for biodiversity credits could reach $2 billion in 2030 and $69 billion in 2050.”  Though 
young, there are many organizations and taskforces developing international standards and 
protocols for biodiversity projects. The International Advisory Panel for Biodiversity Credits 
released a Framework for High Integrity Biodiversity Credit Markets to define, guide and 
encourage the development of high integrity biodiversity credits and credit markets. Learning 
from the voluntary carbon market, steps are being taken early in the development of this market 
to ensure long term stability.  

https://verra.org/methodologies/nature-framework/
https://app.leg.wa.gov/ReportsToTheLegislature/Home/GetPDF?fileName=2023_KelpAndEelgrassHealthAndConservation_Prioritization%20Plan_196dcf40-a44c-47f2-b973-7c11f578a5b0.pdf
https://app.leg.wa.gov/rcw/default.aspx?cite=79.130.010
https://app.leg.wa.gov/rcw/default.aspx?cite=79.130.020
https://app.leg.wa.gov/RCW/default.aspx?cite=79.125.200
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The biodiversity market is growing on a global scale. However, North America only has a few 
active pilot projects within established registries like Verra. Several efforts to develop the 
biodiversity credit market have been launched. This market is very nascent, so prices for selling 
credits are unknown. Preliminary estimates start between $10 and $45 per acre. 

Startup costs for habitat and biodiversity projects will vary greatly depending on the project 
type. For restoration projects, key cost drivers include the size of the project, the targeted flora 
and fauna, and the level of restoration needed (Hansen and others 2015). Projects focused on 
minor habitat enhancements require less upfront funding than ambitious projects aiming to 
restore severely degraded habitat.  

For conservation projects, there may be lower costs, particularly if the intended project area is 
already owned by the entity seeking to conserve it. However, costs may be incurred if nearby 
lands are impacted. For instance, by conserving a wetland, nearby land may be less conducive 
for farming. However, conserving an already pristine habitat is far cheaper than restoring 
degraded habitat. For some conservation projects, the only cost is ongoing maintenance. This 
will differ from project to project. Projects that are targeting biodiversity or protecting 
endangered species will have different monitoring costs than a project aimed solely at 
enhancing habitat.  

In Washington, wetland restoration projects are common. However, due to the variance in 
restoration or enhancement goals for each project, costs to restore wetlands can range from $10 
to $3.2 million per acre (in 2024 dollars) according to a study funded by the EPA (King and 
Bohlen 1994). A more recent report by the USDA in 2015 estimated that restoring and 
preserving new wetland costs between $4,300 and $8,100 per acre (in 2024 dollars) in 
Washington (Hansen and others 2015). The extreme range in cost between wetland-based 
projects makes it challenging to present an average cost per acre for wetland restoration 
projects. However, the range of costs is expected because every project has its own conservation 
or restoration targets and a unique baseline condition. Wetlands are also very complex 
ecosystems that support a biodiverse group of flora and fauna. Many have been severely 
degraded or removed for human development, resulting in significant restoration needs. 
Therefore, these projects tend to be more expensive than those centered on other ecosystems. 

Restoring prairies tend to cost less than restoring wetlands. The Nature Conservancy (TNC) has 
produced several guides on how to restore prairie conservation land from degraded grassland, 
crop fields, and woody-invaded prairies. On average, the cost to restore conservation prairie 
land falls between $2,033 and $2,934 per acre (in 2024 dollars) (The Nature Conservancy 2017 
and The Nature Conservancy 2017). Another study summarized the average cost of restoring 
forests per acre and determined that these costs typically fall between $728 and $17,657 per 
acre (in 2024 dollars (Oakes and others 2021 p. 20). There is a range of costs for each habitat, as 
the ultimate goals of the project, baseline conditions, and size of the project impact the cost per 
acre.  

https://www.ers.usda.gov/publications/pub-details?pubid=45348
https://nepis.epa.gov/Exe/ZyNET.exe/40000LUU.TXT?ZyActionD=ZyDocument&Client=EPA&Index=1995+Thru+1999&Docs=&Query=&Time=&EndTime=&SearchMethod=1&TocRestrict=n&Toc=&TocEntry=&QField=&QFieldYear=&QFieldMonth=&QFieldDay=&IntQFieldOp=0&ExtQFieldOp=0&XmlQuery=&File=D%3A%5Czyfiles%5CIndex%20Data%5C95thru99%5CTxt%5C00000006%5C40000LUU.txt&User=ANONYMOUS&Password=anonymous&SortMethod=h%7C-&MaximumDocuments=1&FuzzyDegree=0&ImageQuality=r75g8/r75g8/x150y150g16/i425&Display=hpfr&DefSeekPage=x&SearchBack=ZyActionL&Back=ZyActionS&BackDesc=Results%20page&MaximumPages=1&ZyEntry=1&SeekPage=x&ZyPURL
https://nepis.epa.gov/Exe/ZyNET.exe/40000LUU.TXT?ZyActionD=ZyDocument&Client=EPA&Index=1995+Thru+1999&Docs=&Query=&Time=&EndTime=&SearchMethod=1&TocRestrict=n&Toc=&TocEntry=&QField=&QFieldYear=&QFieldMonth=&QFieldDay=&IntQFieldOp=0&ExtQFieldOp=0&XmlQuery=&File=D%3A%5Czyfiles%5CIndex%20Data%5C95thru99%5CTxt%5C00000006%5C40000LUU.txt&User=ANONYMOUS&Password=anonymous&SortMethod=h%7C-&MaximumDocuments=1&FuzzyDegree=0&ImageQuality=r75g8/r75g8/x150y150g16/i425&Display=hpfr&DefSeekPage=x&SearchBack=ZyActionL&Back=ZyActionS&BackDesc=Results%20page&MaximumPages=1&ZyEntry=1&SeekPage=x&ZyPURL
https://www.ers.usda.gov/publications/pub-details?pubid=45348
https://www.nature.org/content/dam/tnc/nature/en/documents/Restoration-Guide-Crop-to-Utility-Prairie.pdf
https://www.nature.org/content/dam/tnc/nature/en/documents/Restoration-Guide-Degraded-Grassland-to-Conservation-Prairie.pdf
https://trilliontrees.org/wp-content/uploads/2022/08/Trillion-Trees_Defining-the-real-cost-of-restoring-forests.pdf
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In addition to startup costs, these projects also require ongoing monitoring and maintenance. 
Some organizations report that effective monitoring can consume up to 20 percent of a 
project’s budget (Oakes and others 2021 p. 20). 

The following information details how an economic model can be constructed for this market: 

• Market Protocols – The Verra SD Vista Nature Framework is the most developed 
protocol for this market. As more develop, they will be options as well. 

• Baseline – The baseline is defined by the current land management regulations that are 
in place such as DNR’s HCP, land plans, and forest practices regulations that require 
protection of fauna and flora. Conversion risk is also considered as part of the baseline. 

• Additionality – Any conservation or restoration activities that are not required in the 
baseline are additional.  

• Permanence – Project lengths vary from 20 to 100 years 
• Leakage, Secondary Effects, and Protocol Specific Steps – Leakage is any degradation 

that would be shifted offsite due to the conservation or restoration of this project. 
Secondary effects and Confidence deductions are taken into consideration with Verra’s 
Safeguards Risk Assessment process and a Causal Chain Analysis. These processes assess 
uncertainties at the outset of the project.  

• Opportunity Costs – The opportunity cost will be whatever the expected revenue from 
the current land use is, assuming that land use will be transitioned to the conservation or 
restoration of the land. This could be grazing, agriculture, timber, or aquatic uses.  

• Change in Management Costs – Estimated costs are shown in the table below. There is 
expected to be a management cost per acre, a cost to enter the market, and annual and 
5-year management costs.  

The table below shows estimated costs for the project and the next table shows the opportunity 
costs associated with the project depending on what the land is currently being used for.  

Table 38. Voluntary Habitat and Biodiversity Market Estimated Costs 

 

Table 39. Voluntary Habitat and Biodiversity Market Opportunity Costs 

Previous Land Use Opportunity Cost 
per acre 

Grazing $1.60 
Irrigated Agriculture $255.99 
Dryland Agriculture $44.09 

 MGMT 
Action 

Entering the 
Market 

Annual MGMT 5-year MGMT 

Cost Unit Per Acre Flat Fee Flat Fee Flat Fee 
Conservation $1,050 $217,500 $10,000 $65,000 
Restoration $8,500 $217,500 $20,000 $65,000 

https://trilliontrees.org/wp-content/uploads/2022/08/Trillion-Trees_Defining-the-real-cost-of-restoring-forests.pdf
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Timber $12,319 
Orchard / Vineyard $519.29 

Non-production areas $0.00 
 

Using these numbers, the economic feasibility table for different project sizes with different 
biocredits per hectare was constructed below. DNR operates under a management fee structure 
that is not taken into account in this assessment. This management fee varies from trust to trust 
differs on non-trust lands. The tables below is a model to help determine when a project might 
be economically feasible but projects will need further site-specific analysis to determine if they 
are viable for DNR.  

Table 40. Example Voluntary Habitat and Biodiversity Market Economic Feasibility 

Feasibility Factor Grazing 1 Grazing 
2 

Grazing 
3 

Aquatics 
1 

Aquatics 
2 

Grazing 
4 

Acres 250 10,000 10,000 10,000 100,000 100,000 
Hectares 101 4,047 4,047 4,047 40,469 40,469 
Price per credit $19 $19 $19 $19 $19 $45 
Biocredits/hectare 1 1 20 20 20 20 
Revenue $1,919 $76,893 $1.54 

million 
$1.54 

million 
$15.38 
million 

$36.4 
million 

Cost of MGMT Action $262,500 $10.5 
million 

$10.5 
million 

$10.5 
million 

$105 
million 

$105 
million 

Cost of entering the 
market 

$217,500 $217,500 $217,500 $217,500 $217,500 $217,500 

Ongoing MGMT Costs 
over 20 years 

$280,000 $280,000 $280,000 $280,000 $280,000 $280,000 

Opportunity cost  $400 $16,000 $16,000 $0 $0 $160,000 
Total Costs - Conservation $760,400 $11.01 

million 
$11.01 
million 

$11.00 
million 

$105.5 
million 

$105.7 
million 

Net Revenue -$758,481 -$10.94 
million 

-$9.48 
million 

-$9.46 
million 

-90.1 
million 

-$69.2 
million 

Economically feasible to 
enter market now? 

No No No No No No 

Does Revenue cover market 
entry and opportunity costs? 

No No Yes Yes Yes Yes 

Share of Revenue that cover 
MGMT costs. 

NA NA 9.8% 9.9% 14.2% 34.0% 

 

The table shows that at no point is this market economically feasible, not even at the highest 
price estimate. The prices for a biocredit, or the number of biocredits produced per hectare 
would need to increase enough to outweigh the high management costs. However, if DNR were 



Ecosystem Services Work Group | 2025 Legislative Final Report  
 

90 
 

interested in conserving an area as part of their land management objectives, then revenue 
would only need to cover the fixed entry, ongoing management, and opportunity costs. Projects 
that are 10,000 acres that generate 20 credits/hectare over the life of the project cover about 
10% of management action costs on grazing and aquatic lands. This increases to 14% on 
100,000 acre projects and to 34% on 100,000 acre projects with higher prices. Projects smaller 
and with 1 credits/hectare would not cover management costs. 

This table only shows a conservation project where management costs are lower than the 
estimated restoration costs. A restoration project is even more economically unfeasible. It is 
unlikely that a project would produce more credits than 20 in a conservation project. These 
projects would only make sense for DNR to enter into if the primary goal is conservation rather 
than profit. If this is a goal for the site, then management costs could be covered up to 34% 
depending on project size and credits/hectare.  

Inventory 
Inventory was constructed to identify potential suitable Voluntary Habitat and Biodiversity 
project areas by considering the potential need to improve habitat for specific species of flora 
and fauna. A Priority Biodiversity Lands layer was created that scored parcels from 1 to 17. A 
higher score indicates higher biodiversity potential. Some areas were removed from 
consideration including State Parks, NAPs, and NRCAs. Scoring was based on the following: 

Number of Unique Fauna Species 
The Priority Habitat Species (PHS) dataset produced by the Department of Fish and Wildlife  was 
used to determine the number of unique species found on each parcel. Parcels with one unique 
species were given a score of 1, two to three species were given a score of 2, parcels with four to 
five species were given a score of 3, and parcels with more than five unique species were given a 
score of 4. 

Number of Rare and Keystone Plan Species 
The Natural Heritage Program (NHP) element occurrences dataset  was used to determine the 
number of rare plant species and ecosystems currently identified on each parcel. The NHP 
dataset includes the known location of plant species and ecosystems throughout the state that 
are considered rare. Parcels with one NHP species were given a score of 1. Parcels with more 
than one NHP species were given a score of 2. Parcels that had keystone NHP plant species, 
which are critical to ecosystem health, were given a score of 3. The list of keystone plant species 
includes Big Leaf Maple, Lodgepole Pine, Oregon White Oak, Ponderosa Pine, Resin Birch, 
Sagebrush, Shining Willow, Sitka Alder, Sitka Willow, and Water Birch. Parcels that did not 
overlap with NHP plant polygons were given a score of 0. 

Number of Priority Habitats 
The PHS dataset was used to determine where important, threatened ecosystems were located. 
Parcels that overlapped with one of these habitats received a score of 1, and parcels that 
overlapped with both habitats received a score of 2.  

https://wdfw.wa.gov/species-habitats/at-risk/phs
https://data-wadnr.opendata.arcgis.com/datasets/wadnr::washington-natural-heritage-program-element-occurrences-current/about
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Number of Charismatic and Keystone Species 
Using the PHS dataset, mountain goat, elk, deer, and Taylor’s Checkerspot butterfly polygons 
were identified. These species often draw the attention of the public and can be spotlight 
features in a biodiversity project. These polygons were given a 1 km buffer. The occurrence of 
each of these species resulted in an extra point for the parcel.  

Biodiversity Corridors 
The PHS dataset also includes biodiversity corridor polygons. These areas are important to 
restore and conserve to improve connectivity, which in turn, improves biodiversity and genetic 
diversity. Parcels that are adjacent to a biodiversity corridor (within 1 km) were given a score of 
1, and parcels that overlapped with a biodiversity corridor polygon were given a score of 2. 

NRCA and NAP Buffers 
Though NRCAs and NAPs were removed from consideration for biodiversity projects because 
they are already managed for biodiversity, adjacent parcels are good contenders for biodiversity 
projects. Restoring land near NRCAs and NAPs could improve connectivity between high quality 
habitats or extend high quality habitat beyond these protected areas, accommodating more 
biodiversity. Parcels that overlap the NRCA or NAP buffers (1 km) are given a score of 1. 

Scoring Results 
As seen in the map in Figure 9, there are several areas around the state with adjacent polygons 
with scores ranging from 7 to 11. For example, the South Okanogan polygons have high 
biodiversity scores, though the scores are variable. This area could be suitable for a conservation 
project. The polygons in the St. Helens example are slightly lower and variable. There are several 
lower scoring polygons (scoring between 3 and 7) that could be suitable for restoration, 
especially since they sit between some higher scoring polygons. A project located here could 
focus on increasing both habitat uplift and improving connectivity between higher quality 
habitat areas. 
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Figure 9. Habitat and Biodiversity Scoring Layer 

 

The table below includes all the scored Priority Biodiversity Lands by county. Parcels scored 6 
through 11 could be good candidates for both conservation and restoration projects. These 
parcels are concentrated in Okanogan and Yakima counties. While they are currently the highest 
scoring polygons, making them good candidates for conservation, the total maximum 
biodiversity score is 17. With purposeful restorative measures, these areas could become even 
more biodiverse. 

Table 41. Acres of Scored Priority Biodiversity Land by County 

 Biodiversity Score 
County 6 7 8 9 10 11 Total Scored 

6 - 11 
Okanogan 12,360 375   1 1 12,737 
Yakima 11,246 6 1    11,253 
Pacific 2,507      2,507 
Stevens 1,534 1 1    1,536 
King 823 452 

  
  1,275 

Lincoln 464 679     1,143 
Kittitas 1,123      1,123 
Grant 314 1     315 
Chelan 85 175     260 
Asotin 74 3 

 
3   80 
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Thurston 60 1     61 
Cowlitz 35      35 
Klickitat 8  1    9 
Whitman 2      2 
Spokane 1      1 
Ferry  1     1 
Adams 1      1 
TOTAL 30,639 1,695 3 3 1 1 32,343 

 

Valuation Estimates 
The higher biodiversity scoring acres were used to create a valuation table to estimate potential 
revenue across DNR’s land. These revenues do not include costs. Multiple prices were used to 
make this table, but these prices are just estimates. 

Table 42. Potential Revenue for Voluntary Habitat and Biodiversity Projects 

Biodiversity Score 6 7 8 9-11 Total 

Acres 30,639 1,695 3 5 32,343 
Low Price = $10/hectare 

1 Biocredit / 
Hectare Revenue 

$123,992 $6,859 $12 $20 $130,887 

20 Biocredit / 
Hectare Revenue 

$2,479,833 $137,188 $243 $405 $2,617,750 

Medium Price = $18.72/hectare 
1 Biocredit / 
Hectare Revenue 

$232,112 $12,841 $23 $38 $245,021 

20 Biocredit / 
Hectare Revenue 

$4,642,247 $256,817 $455 $758 $4,900,427 

High Price =$45/hectare 
1 Biocredit / 
Hectare Revenue 

$557,962 $30,867 $55 $91 $588,994 

20 Biocredit / 
Hectare Revenue 

$11,159,246 $617,348 $1,093 $1,821 $11,779,873 

 

Screening Tool 

Initial Suitability  
The inventory for this market indicates there are thousands of acres of DNR land that could be 
suitable for a biodiversity restoration or conservation project. However, project length, area per 
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credit, underlying methodology, and consequently, prices vary from registry to registry. For most 
existing schemes, pricing data is not yet available. Biodiversity credits can range from $5 per 
credit to $700 per credit, with notable outliers. The score for initial suitability is mixed due to 
uncertainty in biodiversity credit price. 

Environmental Potential  
Biodiversity and habitat projects vary, but most involve improving land management practices 
to support biodiversity or protection for a specific species or ecosystem. These actions can 
include removing manmade obstacles, planting native species, removing invasive species, 
restoring historical habitat types, or creating biodiversity corridors. These actions often result in 
further co-benefits, such as carbon sequestration, improved water quality, and increased 
pollination.  

Market Analysis  
Enthusiasm for biodiversity credit markets seems to be surging, and reasons for this demand are 
diverse. Currently, there is no market locally and growth is slow in the United States. There is 
also a current lack of standardization across the biodiversity market space. Prices are low and 
variable. This criterion received a mixed score. 

Project Development  
A biodiversity or nature-based project located in the shrub steppe of Eastern Washington will 
differ greatly from a biodiversity or nature-based project located in the temperate rainforests of 
the Olympic Peninsula. There are several biodiversity registries and protocols in existence and in 
development. The Verra SD VISta Nature Framework is suitable for project development in the 
US. Ecosystem type and project purpose will greatly sway entry and monitoring requirements. 
Entry requirements also depend on the registry and protocol chosen for the project but are 
nuanced and robust across the market landscape. Similar to carbon markets, project 
development generally takes less than five years. There are a few local biodiversity project 
developers, but the majority of these developers are international. Local developers are 
expected to pop up as more protocols are approved. 

Regional Economy  
Land that has been conserved or with restricted long-term use is believed to be a restriction on 
economic development. There is a potential economic boost that habitat improvement can 
afford local economies through ensuring fresh water and fisheries, areas for recreation, and even 
for improved property values and tax revenues. In addition, habitat improvement can lead to 
better fishing, hunting, and wildlife viewing, which stimulates the local economy. As such, the 
voluntary biodiversity market is given a mixed score. 
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Equity Opportunity  
The voluntary biodiversity and habitat market provides many benefits such as improved 
recreation and educational opportunities. If placed near disadvantaged communities, 
biodiversity projects can provide access to high quality nature in areas that previously did not 
have these opportunities. Also, Tribal communities may benefit through improved fishery and 
wildlife populations. This criterion received a mixed score because the potential equity benefits 
will be dependent upon project placement in relation to overburdened communities. 

Legal Considerations  
The definition of valuable materials will likely need to be expanded to include the sale of 
ecosystem service credits to directly enter this market on state lands. It is not certain if this 
would be necessary for Aquatic lands. Projects could be leased to third party developers.  

Project Development 
As of January 2025, there are no registered biodiversity projects based in the US. However, three 
pilot projects are under development in North America under Verra’s Nature Framework 
protocol. The registries explored in this section are the best developed, use internationally-
accepted credit methodology, and accept international projects. Ecosystems are complex and 
are comprised of a unique set of abiotic and biotic characters. Thus, each biodiversity project 
has its own project-specific metrics and data requirements. 

There are numerous biodiversity project developers active in the US including The Nature 
Conservancy (TNC), EcoTrust, Conservation International, and the National Audubon Society to 
name a few. Though these organizations are capable of biodiversity project development, few 
have participated in credit producing projects and none specialize in credit producing 
biodiversity project development. However, TNC has produced several carbon projects 
registered with Verra, and they also specialize in biodiversity project development. There are 
also several international project developers in a similar position to TNC with pilot biodiversity 
credit projects in development including rePLANET and the DBG Group. 

Each registry has its own biodiversity project protocol and associated set of tools. Registries 
have one protocol for biodiversity credit projects. The protocol is applicable for all biodiversity 
projects regardless of the location, species involved, ecosystems involved, and project type 
(conservation or restoration). Although the three registries described below have their own 
protocols, they all use a similar biodiversity credit covering one hectare of project area. Plan Vivo 
and Verra both use the same biodiversity credit definition - one percent net positive biodiversity 
outcomes achieved over one hectare. This unit and associated methodology stem from the 
Wallacea Trust Foundation. They developed this approach through the 2021 Operation Wallacea 
project, during which they created a biodiversity credit working group to develop an 
international biodiversity credit standard (The Wallacea Trust 2023). 

https://www.replanet.org.uk/nature-based-consultancy/
https://www.green.earth/projects
https://wallaceatrust.org/projects/creating-a-biodiversity-credit/


Ecosystem Services Work Group | 2025 Legislative Final Report  
 

96 
 

Verra released its Sustainable Development Verified Impact Standard (SD VISta) Nature 
Framework in October of 2024. Using the Nature Framework, project proponents can verify 
biodiversity outcomes and issue tradable Nature Credits as standalone assets. The Nature 
Framework provides the basis for project design and implementation, and the quantification of 
positive biodiversity outcomes. It includes guidance on all activities related to conservation, 
restoration, and sustainable management of biodiversity.  Projects approved using this 
framework can last anywhere from 20 to 100 years (project duration is determined by the 
project proponent) (The Wallacea Trust 2023).  

Table 43. Biodiversity and Habitat Protocol Information (Verra 2024). 

Registry Protocol Credit Unit Verifiers Project 
Locations 

Verra SD VISta 
Nature 
Framework 

Quality Hectare 
(QHa) – 1% of net 
positive biodiversity 
outcomes achieved 
over a hectare 

Extensive list of VVBs that 
are Verra approved to verify 
SD VISta projects  

31 pilot 
projects 
around the 
world – 3 
based in 
North 
America 

There are two other registries that could be worth exploring in the future. The GreenCollar 
NaturePlus registry has twenty Australia-based pilot projects, two of which are already 
producing credits, and several international projects underway. Plan Vivo also has several pilot 
projects under consideration within their PV Nature program, though none are located in North 
America (Scott 2025).  While these registries may accept a US-based project, they are less 
developed and are currently focused on project development in other parts of the globe. 

Requirements and Gap Analysis 
The following table is a list of requirements and steps to develop a biodiversity and habitat 
project.  

Table 44. Project Development Requirements and Steps 

Implementation 
Steps 

Description What is Needed 

Initial 
Identification 

Identify potentially suitable parcels for project 
development. 

Identify areas with 
high biodiversity 
potential using; 

Review current land 
use 

Establish if potential 
areas have 
management plans 

https://wallaceatrust.org/projects/creating-a-biodiversity-credit/
https://verra.org/methodologies/nature-framework/
https://greencollar.com.au/our-services/natureplus/
https://greencollar.com.au/our-services/natureplus/
https://trellis.net/article/biodiversity-credits-gaining-acceptance-guide-for-2025/
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Market 
Landscape 
Analysis 

Conduct a market analysis to determine if the revenue 
potential, market maturity, and other considerations 
are suitable for DNR participation in the market. This 
can happen concurrently with initial identification.  

Biodiversity credit 
prices and projections  

Refinement and 
Recommendation 

Decide whether the project will be restorative or focus 
on conservation. Perform a second, more detailed 
analysis of parcels that will result in an initial short list 
by working with a developer to find a parcel/s that will 
support the generation of biodiversity credits without 
interfering with existing or upcoming revenue streams. 
The result should be a parcel or list of parcels that are 
suitable for biodiversity conservation or restoration. 

Establish purpose of 
biodiversity project – 
to conserve or restore; 

Choose 3-4 areas for 
in-depth assessment 
of suitability 

Select Condition 
Indicators and 
Establish 
Reference Values 

Select a minimum of 5 condition indicators related to 
composition, structure, function and pressures (must 
have a minimum of 2 structure indicators and 3 
composition indicators).7 Then determine the 
indicators’ reference value – the optimal value in a 
scenario of minimal to no human disturbance. 
Reference values are determined by using reference 
sites with data from the last 50 years. Where reference 
sites are unavailable, predictive empirical models or 
historical data is needed. 

Datasets from last 50 
years for each 
condition indicator 

If data is unavailable, 
empirical models are 
needed 

Establishing 
Baseline and 
Calculation of 
Credits 

Before a project can be registered, the conditions for 
project year 0 (project start year) must be determined 
using registry (Verra) protocol. Then the crediting 
baseline is measured at the end of each monitoring 
period (baseline reflects the likelihood of loss of 
ecosystem intactness absent project), at which point 
the current ecosystem condition is also measured. The 
difference between the baseline and current condition 
is compared to the project condition at year 0 to 
determine the number of credits available for sale per 
monitoring period. Data from sample sites within 
project extent and at external reference sites for each 
project indicator (If data from a reference site is not 
available, predictive modeling can be used). 

Determine if existing 
data collection 
frequency needs to be 
increased to meet 
project needs; 

Determine what 
additional data needs 
to be collected for 
each project indicator 

 

Project 
Description 
Submittal and 
Verification 

Once the project is designed, a project description 
must be submitted to the registry of choice, Verra in 
this example. Then a third party not affiliated with the 
project developer must perform an independent 
review of the analysis and documentation. This 
verification includes field visits, project documentation 

Project description; 

VVB 

 
7 Example composition indicators include species richness of character biota and abundance of keystone species. 
Example structure indicators include total biomass, canopy cover, and water chemistry. Example function indicators 
include net primary productivity and rate of leaf litter decomposition. Example pressure indicators include invasive 
species, and land use change pressure.  
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and monitoring data/monitoring plan. Verra has an 
extensive list of approved verifiers.  

Registration and 
Project 
Implementation 

Once the project has been verified, the project is 
validated and registered with Verra. The project must 
then be implemented. The project can start selling 
credits once the first monitoring period is completed, 
and the monitoring report has been verified by a third 
party.  

Project Manager and 
initial support to get 
the project started; 
VVB is needed at the 
end of each reporting 
period (approx. every 
5 years) 

Sales and 
Marketing 

Marketing of credits should begin long before this 
step. In a best-case scenario, a potential buyer or 
buyers are identified during the initial planning phases 
of the project. Marketing materials should include 
credit info, any associated co-benefits, and highlight 
any charismatic or keystone species involved.  

Marketing materials; 

Outreach to potential 
credit purchasers; 
dashboard creation 
and upkeep. 

Ongoing 
Monitoring and 
Reporting 

Before verification, a monitoring plan must be 
developed to meet protocol requirements. Monitoring 
reports are required every 5 years but may be more 
frequent. Monitoring should occur at least annually.  

Management capacity; 

Data collection - 
Suggested sampling 
frequency is annual. 

The table below details what DNR currently has and what gaps exist to develop a voluntary 
biodiversity and habitat project.  

Table 45. DNR Gap Analysis for Voluntary Biodiversity and Habitat Project Development 

What DNR Has Gaps & Needs 

• GIS Inventory Tool and screening 
tool from this project. 

• DNR data on past forest activities, 
land management, and inventory 

• Data on leases, management plans, 
and HCP 

• Capability to manage projects 
• Staff with conservation and 

restoration knowledge 
• Forest health and fuel treatment 

implementation staff knowledge 
• Payment processes 
• Leasing and bidding processes 

• WA state law may need to be amended to 
allow direct participation in Ecosystem Service 
markets on state lands and potentially Aquatic 
lands. Internal processes may need updated as 
well for project approval 

• Habitat and Biodiversity pricing data8 
• Staff capacity and/or contracting with a third 

party to run most parts of the project including 
project management, contract management, 
data collection and verification, sales and 
marketing, and monitoring 

• Funding and staff or contractors to implement 
management treatments 

 
8 OPIS has created a Biodiversity Market Report that is published weekly with comprehensive pricing for voluntary 
biodiversity credit projects around the globe. Public credit pricing is challenging to collect and project due to the 
nascency of the market. Pricing data may become easier to acquire as the market grows. Access the OPIS Biodiversity 
Market Report here.  

https://www.opisnet.com/product/pricing/spot/biodiversity-market-report/
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• VVB review 

Implementation Plan 
The following table is a suggested implementation plan for DNR to enter into the Voluntary 
Biodiversity and Habitat market based on the requirements from the protocols and gap analysis.   

Table 46. Implementation Plan for Voluntary Habitat and Biodiversity Projects 

Steps  Est. Time frame 
1. Expand definition of valuable materials if warranted unknown 
2. Finalize roles and responsibilities for third-party developer (e.g. 

feasibility study only, feasibility study through project 
development, feasibility study through ongoing monitoring). 
Develop RFP to engage services of a third-party developer and 
implement competitive bidding process to award contract  

6-9 months from RFP 
development through 
bidding and 
contracting 

3. Biodiversity Project Opportunity Analysis 3-6 months 
4. Determine project type – conservation or restoration; identify 

keystone species within project boundaries 
1 month 

5. Select project condition indicators and establish reference values 4-6 months 
6. Biodiversity Calculations and Monitoring Plan 1 month 
7. Project Development and Submission 3-6 months 
8. Independent Validation and Verification  4-6 months 

(depending on verifier 
availability) 

9. Credit Registration/Marketing/Sales Ongoing 
10. Ongoing Monitoring and Reporting  Annually, and at 5-

year intervals 

Conclusion 
There are many barriers to entering this market. One is limited available protocols for the U.S. 
Additionally, there have been very few projects in North America, with only a few pilot projects 
underway. 

The voluntary biodiversity and habitat market is very nascent. Based on the economic analysis 
conducted and estimated prices, there are no DNR-managed lands that are economically 
feasible to enter the market. Larger projects that generate 20 credits/ hectare could cover a 
percentage of conservation management costs if conservation is the primary goal for a site, but 
only once the market is established. It is unlikely that prices will make a project will cover all 
costs in the near future. 

To enter this market, it is recommended that DNR utilize a third-party developer to help with 
most parts of project development. Project development is suspected to be similar to a carbon 
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project and a project developer will be most familiar with nuances when it comes to 
requirements. Once DNR has more expertise in these projects, it can manage them directly. 

For DNR to enter this market, regulatory changes may be necessary. It is unclear if DNR currently 
has the authority to directly sell ecosystem service credits on DNR-managed lands. DNR’s state 
law may need to be adjusted to include this authority either by adjusting the definition of 
valuable materials for state lands and Aquatic lands or some other specific mechanism. 
However, since projects may be shorter in this market (20 years), DNR may lease lands to a 
project developer to participate. The lease term limits of 55-year timespans with the potential to 
be extended to 99 years on state lands, limits of 30 years for beds of navigable waters, and 55-
years for tidelands and shorelands do still limit project lengths for this market. These laws may 
need to be adjusted to enter the voluntary biodiversity and habitat market. 

Any project that DNR enters will take time and staffing resources as detailed in the project 
development and implementation plan sections above. Projects will need to be planned out with 
the understanding that it may take a few years before generating credits to sell in the market. All 
parts of a project will need to be adequately staffed or contracted to a third-party to be 
successful. It is recommended currently that DNR not pursue a project in this market but 
continue to monitor it as it develops, and new protocols become available. 
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Other Markets 
Wetland Mitigation 
Greene Economics conducted an analysis of the wetland mitigation market, but it is not included 
here due to potential barriers to DNR’s participation in this market. While the analysis did find 
potential profitability, dedicating land for this purpose would need to be in perpetuity. 
Additionally, DNR’s authority to sell mitigation credits would need to be understood. More 
information on this market can be found in Greene Economics’ final report. It is recommended 
that DNR consult with Ecology to determine if wetland mitigation projects are a viable option 
for DNR.  

Water Quality 
Greene Economics began an analysis of the water quality market, but it was not completed after 
it was found that the market is not applicable to DNR-managed lands and is unlikely to be in the 
near future. Ecology is the lead authority on water quality in Washington and has the best 
understanding of market opportunities in the state.    
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Recommendations 
The primary recommendation of this report is to address DNR’s ability to enter new ecosystem 
service markets. DNR likely needs the authority to sell ecosystem service credits. This should be 
considered for both state lands and Aquatic lands. With this authority, DNR could enter the 
carbon and AWE markets already available to DNR and the blue carbon and biodiversity and 
habitat markets once they mature. 

Priority Markets for DNR 
The markets that look to be the most advantageous opportunities to DNR are AWE, regulatory 
and voluntary carbon, and water quantity markets. These markets should continue to be 
monitored. 

Avoided Wildfire Emissions (AWE) 
This market aligns with DNR’s forest health and wildfire reduction goals. Credits sold in this 
market represent reductions in GHG emissions produced by reducing the probability of wildfire 
through fuels management. Once the wildfire probability map is finalized for this market 
(expected in 2025), DNR could pursue a project. While selling credits will not fully cover 
treatment costs, they could fund a portion of DNR’s planned forest health treatments. This 
market is new, but credit prices are projected to exceed $100/ac depending on project specifics.  

Regulatory forest carbon 
The regulatory carbon market was found to be economically feasible on approximately 25,000 
acres of DNR-managed land in western Washington for a specific IFM project scenario. More 
analysis at the project level will be necessary to determine if a project is economically viable. 
This analysis still needs to be conducted for eastern Washington.  

Voluntary forest carbon 
The voluntary carbon market was not found to be economically feasible for DNR based off 
current market prices. However, prices can be variable and more analysis at the project level will 
be necessary to determine if a project is economically viable, which can be done at the same 
time as DNR considers entering the regulatory market. Due to the ability to have shorter project 
lengths and the existence of more protocols, the voluntary market is considered more flexible 
than the regulatory market.  

Water Quantity 
This market appears to be the most lucrative of all the markets analyzed. Leasing water rights on 
DNR-managed lands could potentially generate significant revenue. This market will take 
significant research to identify what water rights are available for DNR to lease. It is unclear if 
DNR currently has the authority to lease water separate from the land. This is currently under 
review.  
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Nascent Markets 
The blue carbon and voluntary biodiversity and habitat markets were found to be too nascent at 
this time to pursue market entry. The availability of protocols is lacking for both markets in 
Washington and limited pilot projects have been completed in North America. While not 
currently viable, DNR should monitor their development for future opportunities.   

Legal and Operational Considerations 
To fully participate in ecosystem service markets, several legal changes may be necessary: 

Authority to Sell Ecosystem Service Credits 
DNR likely needs to be authorized to sell ecosystem service credits for state lands and it is not 
certain if this is necessary for Aquatic lands. 

Leasing Term Limits 
In addition to DNR’s authority to sell ecosystem service credits, leasing laws may need to be 
adjusted to better facilitate DNR’s participation in these markets. On state lands, DNR is limited 
to 55-year leasing terms with the ability to extend up to 99 years. On Aquatic lands, DNR can 
lease 30 years for beds of navigable waters and 55-years for tidelands and shorelands. Some 
projects may be longer than these terms such as the 100+ year projects for the regulatory 
carbon market. If DNR wants to be competitive in these markets, these leasing terms will need 
to be adjusted to longer terms for specific markets.  

Implementation Strategy 
Any project that DNR enters will require significant time and staffing resources. Projects will 
need to be planned out with the understanding that it may take a couple years before revenue 
is generated. All parts of a project will need to be adequately staffed or contracted to a third 
party to be successful.  

Ongoing Market Monitoring 
DNR should continue tracking developments in all ecosystem service markets, including those 
currently considered nascent. As markets evolve, new opportunities may emerge that become 
viable and financially rewarding. 
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Appendices 
Appendix A: 2023-25 Biennium Operating Budget 
Proviso, Ecosystem Services Inventory and Asset Plan 
ESSB 5187 Chapter 475, Laws of 2023, Section 310 (12), pages 440-441  

(12)  

a) $1,500,000 of the natural climate solutions account—state appropriation is 
provided solely for the department, in close collaboration with the department of 
ecology, to convene a group composed of a balanced representation of experts 
and stakeholders to conduct a state ecosystem services inventory and develop a 
state lands ecosystem services asset plan. The plan must outline how state lands 
under the department's jurisdiction can be monetized, including ecosystem 
services credits, and utilized to reduce the overall greenhouse emissions, or 
increase greenhouse gas sequestration and storage, in the state, including both 
public and private emissions. 

b) In developing the plan, the department must: 
i. Conduct a resource and asset inventory to identify all state-owned or 

controlled lands under its jurisdiction that could be eligible or utilized in 
ecosystem services credits, including carbon offset markets; 

ii. Explore opportunities for the department to utilize its inventoried 
proprietary assets in offering ecosystem services credits, including carbon 
offset credits, both under the regulatory offset department's programs, 
such as the one established under RCW 70A.65.170, and existing or future 
voluntary, private ecosystem service markets, including carbon offset 
programs; 

iii. Develop a marginal cost abatement model to inform highest and best use 
of state assets in ecosystem services markets, including carbon markets; 

iv. Conduct a needs assessment in relation to marketing state-owned carbon 
assets on state lands under the jurisdiction to third party developers, 
including a proposed implementation plan and recommendations for plan 
execution; 

v. Identify any known or suspected policy or regulatory limitations to the 
formation and full execution of the ecosystem services inventory and asset 
plan identified above; 

https://lawfilesext.leg.wa.gov/biennium/2023-24/Pdf/Bills/Session%20Laws/Senate/5187-S.SL.pdf
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vi. Create an implementation plan for a virtual dashboard where public and 
private sector participants in regulatory or voluntary carbon markets can 
locate the inventory created under this subsection, understand the 
marginal cost abatement model, and locate any requests for proposals 
from state asset-involved carbon projects on lands under the department's 
jurisdiction; and 

vii. Make recommendations for the creation of an ecosystems services equity 
and innovation account that includes: 

A. New modes of ecosystem services; and 
B. Identification of new or different beneficiaries of carbon 

investments that increase the participation of historically 
marginalized groups in ecosystem service opportunities. 

c) The department must report its progress and findings under this subsection to 
the legislature no later than December 31, 2024. 
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Appendix B: Evaluation Tools 
A set of tools was developed to analyze the ecosystem service markets and is described in this 
section. In the market sections of this report, the tools are used to assess these markets and can 
be adapted for future use as markets evolve or new data emerges. Future reports and any 
potential legislative action should include consultation with DNR Recreation and Natural Area 
staff to ensure that any selected market solutions do not purposely or inadvertently exclude 
recreation. 

 

Roadmap 
A basic roadmap was developed to assist DNR in the decision-making process when deciding to 
enter an ecosystem service market. The roadmap has three main steps (see the graphic below):  

1. assess feasibility,  
2. choose a direction, and  
3. pick a protocol that fits.  

Keep this roadmap in mind when reading through all the different ecosystem service market 
information provided in this report.  

Figure B1. Ecosystem Service Market Roadmap 
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Economic Feasibility for Ecosystem Service Markets  
Generating an ecosystem service credit requires three components:  

• Understanding the existing land management actions and expected future outcomes 
• A management action that will improve outcomes beyond what is expected 
• A transaction between buyer and seller  

Credits are generated when there is additionality, meaning that a management action would 
only occur through the sale of the credit. If there is no change in management actions from 
business as usual, (the baseline), then there is no additionality, and no credits can be sold. For 
DNR, business as usual includes current land use and activities, such as timber management, 
agriculture, grazing, aquatic leasing (e.g., marinas, overwater structures, boatyards, commercial 
facilities), aquaculture, and other leases and activities. 

To determine whether there is a financial incentive to enter an ecosystem service market, it must 
be determined if the sale of the credit will generate enough revenue to replace the credit costs 
related to:  

• The cost of implementing the new management action 
• Opportunity cost – lost revenue from the business as usual 
• Administrative costs of participating in the new ecosystem market 

Under these considerations, the economic feasibility of any ecosystem service market can be 
evaluated by analyzing the following seven elements: 

1. Market Protocols 
Each market has established guidelines and methodologies, known as protocols, that govern the 
development of credit projects. The protocols set requirements for permanence, verification, and 
reporting. They outline methodologies for determining baselines, additionality, leakage, 
secondary effects, confidence deduction, and credit availability. Some protocols are more 
stringent than others. 

2. Baseline 
The baseline is assessed based on the business-as-usual activities, measured in terms relevant to 
the specific ecosystem service market — such as metric tons of carbon dioxide equivalent 
(MTCO2e) (carbon credits) or hectares of habitat (biodiversity credit). 

3. Additionality 
Additionality refers to the change in management from the baseline that results in the 
generation of ecosystem service credits. 

4. Permanence 
 A management action must also be considered permanent. Most protocols address this by 
requiring a set monitoring period to ensure that the ecosystem service improvement lasts 
beyond the sale date of the credit. These monitoring periods vary by protocol, typically ranging 
from 20 to 100 years, and in some cases, may extend in perpetuity.  
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5. Leakage, Secondary Effects, and Protocol Specific Steps 
Leakage refers to the potential for improvement in ecosystem services in one area to lead to 
degradation elsewhere, reducing overall ecosystem service improvement across the entire 
landscape. Most protocols account for leakage, with some addressing secondary effects 
separately. Secondary effects are ecosystem degradation caused by the project activities or 
change in management actions.  

Protocols vary in how they calculate ecosystem service credits, even for the same service, and 
may follow different steps or sequences. 

Since many ecosystem service credits are generated by modeling the outcomes of management 
changes, protocols often require a confidence deduction to account for uncertainty in the 
modeling process. This is based on the accuracy of your inventory and modeling methods. A 
more accurate inventory means a lower confidence deduction.  

Permanence also involves considering reversal risk which is a means of insuring against 
unintentional reversals. This is a metric addressing the potential for a project’s failure to deliver 
the modeled ecosystem service improvements. These risks include but are not limited to 
financial, management, social, and natural disturbance risks.  

6. Opportunity Cost 
Opportunity cost is the revenue given up in exchange for managing an area for a new 
ecosystem service.  

7. Change in Management Costs 
Change in management costs include both changes in management activities and the expenses 
of entering and participating in the market. Initial costs may involve credit approval, third-party 
developers, data collection and modeling, verification, and marketing. Ongoing costs include 
annual compliance, verification, monitoring, inventory updates, and continued marketing.  

MACC 
A Marginal Abatement Cost Curve (MACC) determines the marginal cost of carbon abatement 
through various strategies. It is specific to carbon markets and cannot be applied to other 
ecosystem services markets.  

Developing a MACC involves sorting through all strategies for carbon reduction and 
sequestration and aligning them in a graphic presentation with the cost of carbon abatement on 
the vertical axis (marginal price needed for economic feasibility) and the volume of carbon 
reduced on the horizontal axis. Each carbon reducing strategy is represented as a point on the 
curve. As you move right along the horizontal axis, potential carbon reduction accumulates but 
the marginal cost of each additional unit abated rises. The width of each step on the curve 
represents the amount of MTCO2e that can be reduced with that action at that cost. This 
representation allows decision-makers to prioritize lower cost carbon reduction actions. 

 



Ecosystem Services Work Group | 2025 Legislative Final Report  
 

118 
 

 

 

 

Figure B2. Example Marginal Abatement Cost Curve 

  

To help illustrate this, consider these theoretical forest carbon examples. Assume that changing 
thinning frequency could sequester 30 MTCO2e at a cost of $10 /MTCO2e, while the next lowest 
cost carbon reduction strategy is planting trees which could generate 50 MTCO2e at a cost of 
$200 /MTCO2e. The MACC would show the thinning strategy first on the left of the graph with a 
at $10 /MTCO2e and the step would be 30 MTCO2e wide. The next step up and to the right 
would show tree planting at $200 /MTCO2e with 50 MTCO2e wide.  

This MACC helps prioritize carbon reduction actions by cost-effectiveness and allows 
comparisons to the price of carbon in the market. Actions that are below $0 save the 
organization money and would be most beneficial to do first. If the market price for carbon is 
$28 /MTCO2e, then the thinning frequency change detailed above would still be profitable, 
making a net revenue of $18 /MTCO2e. However, the planting strategy, at $200 is more than $28 
/MTCO2e and would not be profitable to sell. At this point, the organization must consider if 
other benefits exist to justify the cost to enter the market making the loss in revenue worth 
planting trees. 

The MACC constructed for this project compares different forest classifications across western 
Washington from the 2019 Forest Estate Model themes if harvest were to be delayed 20 years. 
The different strategies being compared for this MACC essentially are delaying harvest of 
different sites. The $/MTCO2e varies by site, depending on forecasted timber revenue and 
known and modeled forest conditions. This is the only abatement strategy that Greene 
Economics analyzed, however other strategies of IFM, reforestation, and blue carbon could also 
be evaluated using a MACC.  

https://www.dnr.wa.gov/publications/amp_sepa_nonpro_shc_feis_app_f.pdf?uzo06i
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To calculate what the marginal cost for a parcel or area is, you use the following equation:  

𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑖𝑖𝑖𝑖 =  
𝐴𝐴𝑖𝑖𝑖𝑖 ∗ (𝐶𝐶𝑘𝑘 + 𝑂𝑂𝑂𝑂𝑖𝑖𝑖𝑖)

𝑄𝑄𝑄𝑄𝑦𝑦
 

The area (A) suitable for an ecosystem service market (k) on a particular parcel (i) would be 
multiplied by the cost (C)  of entering into the ecosystem service market and the opportunity 
cost (OC), which is the revenue given up when the parcel is not used for its current use. QRy is 
the quantity of ecosystem services produced on the parcel in each reporting period (y), usually 
in credits. 

This model estimates the marginal cost for abatement or generating additional ecosystem 
services. Comparing this marginal cost to a market price shows whether the ecosystem service 
credits are a worthwhile choice. 

To determine if a project could be revenue-generating, the ecosystem service market price (P) 
needs to be considered, and determines the net revenue for a proposed project. This is the 
factor to account for when considering whether an ecosystem market might represent the 
highest and best use. 

𝑁𝑁𝑁𝑁𝑁𝑁 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑖𝑖𝑖𝑖 =  
𝐴𝐴𝑖𝑖𝑖𝑖 ∗ (𝑃𝑃𝑘𝑘 − (𝐶𝐶𝑘𝑘 + 𝑂𝑂𝑂𝑂𝑖𝑖𝑖𝑖))

𝑄𝑄𝑄𝑄𝑦𝑦
 

Stacking and Bundling 
Stacking is when a parcel might participate in more than one ecosystem service markets. Carbon 
credits typically rely on practices that provide benefits to biodiversity (Hase 2018). Stacking 
involves selling multiple credit types on the same piece of land and bundling involves selling 
one credit with multiple benefits on the same piece of land. Bundling can result in a higher price 
for a credit and is often necessary to make a project attractive and worthwhile to project 
developers and buyers.  

Figure B3. Stacked and Not Stacked Carbon and Habitat Credits (LaRocco and Deal 2011) 

https://www.forest-trends.org/bbop_pubs/stacking_and_bundling/
https://research.fs.usda.gov/treesearch/37552
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More information on stacking and bundling can be found in Greene Economics’ Plan. 

Inventory 
An inventory of ecosystem service assets on DNR-managed lands was assembled in a geospatial 
data system to help identify areas with potential for ecosystem service market projects. These 
maps act as an initial step for assessing where ecosystem service projects may be feasible. Six 
different web map tools, composed of a unique combination of GIS layers, have been created 
and briefly described in each market section of this report. 

Screening Tool 
When considering entry into an ecosystem service market, start by assessing the market’s initial 
suitability. After identifying ecologically suitable lands and ascertaining current use revenue, 
other factors to consider include the market characteristics, prices, environmental benefits, and 
impacts on local and statewide communities. These factors should be evaluated both 
individually and in relation to one another, as illustrated in Figure X. The evaluation process is 
not sequential. 

Figure B3. Factors to Consider Before Entering a Market
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Greene Economics designed a screening tool to systematically analyze relevant factors for 
entering an ecosystem service market. The results are based on current market conditions and 
projections available as of spring 2025. Future use of the tool will require updated data to 
ensure accuracy. “Short or near term” refers to actions or project development that will occur 
within three to five years, while “long term” refers to those occurring after at least five years. The 
screening tool is comprised of seven components: initial suitability, environmental potential, 
market analysis, project development, regional economy, equity, and legal and regulatory 
considerations.  

Initial Suitability  
The ability to develop a project will be directly influenced by the characteristics of the land and if 
those characteristics will support the ecosystem service market being assessed. GIS-based 
resources and mapped inventories provide a starting point for this analysis. Revenue from 
current use and potential revenue from the ecosystem service markets also factor into this initial 
suitability assessment.  

Environmental Potential 
Most ecosystem service markets, particularly credit-based ones, have a direct environmental 
benefit built into the market. Credits are units that represent the market value of additional 
ecosystem services such as carbon sequestration, habitat lift, and wildfire avoidance. In addition, 
many projects can also generate additional, unintended environmental or social “co-benefits.”  

Market Analysis 
Market maturity and stability are key to evaluating long-term revenue potential in emerging 
ecosystem service markets. A mature market has steady current and future demand, multiple 
suppliers, competition between entities vying for credits, and standardized credit units and 
protocols. A stable market has minimal reputational risks, supporting long-term confidence. 
Given uncertainties around current and future demand, supply, pricing, and reputation, this 
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market assessment focuses on the current and near-term market strength to inform long-term 
planning.  

Project Development 
Project development factors assess the level of effort needed to scope, document, register, 
certify, and market a project. All project development requires data, staff time, and resources, 
with requirements varying by markets and registry. Third-party developers can assist in 
navigating this process. This criterion evaluates the availability of applicable protocols, third-
party developer support, DNR’s internal capacity to collaborate, and the expected project 
timeline.  

Regional Economy  
Management decisions can have impacts on the regional economy. A change in land use or 
management practice may create new jobs or lead to job losses locally or in related industries. 
To assess this, the research team evaluated county-level location quotients to understand how 
much local economies rely on forestry, coastal, or other natural resource industries. One missing 
component to this analysis that will need to be considered by DNR when setting up any project 
is the effects of revenue flow on trust beneficiaries. The loss or change in revenue flow can have 
direct impacts to the local trust junior taxing districts. Additional information the location 
quotient data and calculations are in Appendix C.   

Equity 
Equity and environmental justice are both important to consider when entering a new market 
and are guiding pillars in recent laws such as the CCA. This assessment focuses on the potential 
for an ecosystem service project to benefit historically marginalized groups of people through 
improved health outcomes, greater access to natural resources, culturally specific environmental 
improvements, or other community-based benefits. Location of these projects in relation to 
communities of historically marginalized groups will be key to evaluating this criteria.  

Legal and Regulatory 
Legal factors and regulations influence DNR’s ability to develop projects directly on DNR-
managed lands or to lease land to a third-party. This section briefly examines relevant laws and 
their potential impact on DNR’s ability to enter a market. 

Assessment Scoring 
Each criterion is assigned a favorable (full circle ), unfavorable (empty circle ), or mixed 

(half circle ) score. The scores are then averaged to determine the market’s overall score, with 
the legal and regulatory score assessed separately, as many markets require adjustments to 
Washington law before DNR can participate.  
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Appendix C: Location Quotient 
A location quotient (LQ) is a statistic that compares a region's (in this case county-level) industry 
economic contribution to a larger geographic area, in this case Washington State. It is calculated 
by dividing an industry share of a regional economic statistic (e.g., employment or output) by 
the same industry share of the state statistic. For this study, we calculated the share of each 
county total employment and output contribution from forestry, aquatic-based industries 
(including recreation), and agricultural production for those counties with DNR lands for each of 
those uses. We then compared those shares to the Washington State total contributions for 
each of the industry sectors. This section presents the data and methodology used to calculate 
the Location Quotients for DNR Forestry, Agriculture, and Aquatic land uses. 

Data 
This study used the Washington State county-level and state-level data included in the IMPLAN 
modeling software dataset. IMPLAN is a web-based input/output (I/O) modelling software. 

DNR Forestry and Aquatic lands are found in all 39 counties, while DNR Agricultural lands are 
only found in 30 counties. The Forestry analysis includes two individual sectors, “Forestry, forest 
products, and timber tract production”, and “Commercial logging”. We included both sectors in 
the IMPLAN Industry Contribution Analysis model for forest dependency. 

DNR aquatic lands include coastal lands as well as those associated with rivers and lakes. We 
used the Economics: National Ocean Watch (ENOW) data definitions to develop consolidated-
sectors in IMPLAN to get to the six ENOW sectors to run through the IMPLAN Industry 
Contribution Analysis model for coastal dependency (aquatic lands analysis – includes 
recreation). The ENOW data set is focused on the six economic sectors that are dependent on 
the oceans and Great Lakes: Living Resources, offshore mineral extraction, marine construction, 
marine transportation, ship and boat building, tourism, and recreation. Through a process where 
we mapped each of the six sectors to NAICS codes and the IMPLAN industry sectors to NAICS 
codes, we consolidated the IMPLAN sectors in such a way to best approximate the ENOW 
sectors, although they do not align perfectly.  

Then we consolidated all agricultural sectors in IMPLAN into one simple agricultural sector to 
run through the IMPLAN Industry Contribution Analysis model for agricultural dependency for 
each county. 

It should be noted that there is one overlapping industry sector between aquatic (included as a 
part of the “living resources” sector) and agricultural dependency because it includes both 
aquaculture and some livestock such as sheep, goats, and pigs. This IMPLAN sector is “Animal 
production, except cattle and poultry and eggs”. This sector is a very small portion of both the 
larger (consolidated) agriculture and living resources sectors used in the analysis. For this 
reason, we believe the overlap does not bias these results under either or both of these location 
quotients. 
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About IMPLAN 
An Input/Output (I/O) model quantifies the interactions between industries in the economy and 
is used to study how changes within one sector of a regional economy affect the other sectors. 
Such a model is used to estimate the industry contribution to the study area. I/O models 
produce multipliers used to calculate the total economic impact on jobs, income, and output 
that are expected to occur from project-related spending in a specified study area.  

The model used to estimate economic impacts for this Study is IMPLAN, which is an I/O model 
developed by the U.S. Government and the University of Minnesota (IMPLAN 2024). IMPLAN 
was chosen because it requires regional data, which has been compiled from multiple sources 
and includes hundreds of industrial sectors. In addition to being widely used in regional 
economic analysis, the model and its methodology have been extensively reviewed in 
professional and economic journals.  

IMPLAN data comes from various sources. Employment, wage, and salary income data at the 
state and county levels are from Bureau of Labor Statistics (BLS). Data regarding national-, 
state-, and county-level proprietors; proprietor income; and the relationship between employee 
compensation and wage and salary income (to infer benefits) are from Bureau of Economic 
Analysis. Data from the U.S. Census Bureau  includes the number of firms by size at the national, 
state, county, and zip-code levels (IMPLAN 2022).  

IMPLAN model results produce three types of estimates. These impacts represent different, yet 
related, industry contributions made by the irrigated acres and associated agricultural activity in 
the study area:  

• Direct impacts indicate the initial contribution to economic activity due to the DNR 
acres for each land use in the regions. Direct impacts capture project activities and 
activities in other industries that directly support the assessed industry in the region. 
Direct impacts measure the total amount of economic activity in terms of the value and 
employment in the local economy directly due to the land use.  

• Indirect impacts measure the response of local industries to demand from inter-
industry transactions. The indirect impacts trace the “ripple effect” through the local 
economy, as local industries vary in terms of output and employment based on the 
demand generated from land use-related activities.  

• Induced impacts are the responses in local industries from changes in household 
incomes generated from direct and indirect effects; this is a further “ripple” derived from 
the original direct impacts. 

Methodology 

As briefly presented above, this study includes an Industry contribution analysis (ICA) for each of 
the land uses for DNR lands as opposed to economic impact analyses. An ICA estimates the 
value of an Industry or group of Industries in a region, at their current levels of production. The 
purpose of this analysis differs from the standard economic impact analysis in that it shows the 



Ecosystem Services Work Group | 2025 Legislative Final Report  
 

125 
 

relative extent and magnitude of the industry that currently exists in the study area, while an 
economic impact analysis is generally used to show the impacts of a change to a specific 
industry or group of industries. 

The first step is to create a new IMPLAN industry sector scheme for each land use except for 
Forestry. This includes the consolidation of sectors discussed in the data section for both 
Agriculture and Aquatic land uses. Then three different models, each with different industry 
sector schemes, are used for each land use for all 39 counties and at the state level, although for 
agricultural land use, the results are only presented for the 30 counties that include DNR 
acreage. 

The model creates a number of outputs from each model run. To calculate the location quotient, 
we are interested in the direct, indirect, and induced employment and output for each county 
and the state calculated in each model run.  

The direct impact (employment and output, individually) is divided by total county employment 
and output to calculate each county industry dependency share for each of the three land uses. 
To provide an additional industry metric, the total impact is divided by the direct impact to 
calculate industry multipliers, which indicates the level of total impact to the regional economy 
each industry sector conveys.  

Lastly, county dependency shares are divided by state dependency shares to calculate county 
location quotients related to employment and output for each of the three land uses. 

Results 
The county and statewide metrics of greatest importance to assess for this analysis include the 
number of acres of DNR land for each use (forestry, agriculture, and aquatics), industry 
employment for the associated land use, employment location quotients, output location 
quotients, and employment and output multipliers for the associated industry. 

The complete results of the agriculture industry dependence analysis are presented in Table C1. 
The counties showing the greatest overall dependency on agriculture are Adams, Douglas, 
Franklin, Grant, Kittitas, Klickitat, Okanogan, and Yakima counties, based on total agricultural 
employment, employment location quotient and the number of DNR agricultural acres. 

The complete results of the forestry industry dependence analysis are presented in Table C2. The 
counties showing the greatest overall dependency on forestry are Clallam, Cowlitz, Grays 
Harbor, Lewis, Mason, Okanogan, Pacific, Skagit, Stevens, Thurston, Wahkiakum, and Whatcom 
counties, based on both total forestry employment, employment location quotient and the 
number of DNR forestry acres. 

The complete results of the aquatic industry dependence analysis are presented in Table C3. The 
counties showing the greatest overall dependency on aquatics are Clallam, Grays Harbor, Island, 
Jefferson, Pacific, Pierce, and Whatcom counties, based on total aquatic employment, 
employment location quotient and the number of DNR aquatic acres. 
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A summary of these results is presented in Table C4, focusing on the counties showing the most 
significant contributions to the economy from these land uses. Table C4 data is sorted by total 
DNR acreage, presenting the counties with the highest total number of DNR acres first and 
counties with the lowest total DNR acres at the bottom of the table. Location quotients greater 
than one indicate a greater industry dependence related to the specific land use than that for 
the whole state. These are especially notable for counties with a large number of associated 
DNR acres. Employment location quotients greater than one for each of the land use categories 
are shaded for ease of review, as are counties with large DNR acreage for each land use.  

As can be seen in Table C4, for the agricultural sector and associated DNR lands, the most 
significant counties of interest include Kittitas, Yakima, Klickitat, Grant, Douglas, Adams, Benton, 
Lincoln, Franklin, and Whitman counties, as they have both a location quotient greater than 1 
and more than 30,000 acres of DNR land. These counties may not be as interested in the 
potential risk of displacing agricultural land for something else. However, if more water were to 
be made available it could strengthen the existing regional structure.  

Counties of interest related to forestry dependence include Clallam, Jefferson, Skagit, Okanagan, 
Grays Harbor, and Stevens counties as they have employment location quotients greater than 
one and more than 100,000 acres of DNR lands. This means those counties are much more 
dependent on forestry, and so decisions to change management may put some of the industries 
at risk of lost revenue and/or employment opportunities.  

For the aquatics-based DNR lands, the counties exhibiting employment location quotients equal 
to or greater than one and more than 100,000 acres of DNR lands include Island, Pacific, 
Jefferson, and Whatcom counties. These counties demonstrate a high dependency on DNR 
aquatic lands for their economic resiliency and may be interested in programs that would build 
on an already strong economic sector. 

Table C1. Agricultural Dependence 

County DNR Acres Agriculture 
Employ - 

ment 

Agriculture 
LQ Employ - 

ment 

Agriculture 
LQ Output 

Employ -
ment 

Multiplier 

Output 
Multiplier 

Adams 71,405 1,816 8.13 25.40 1.89 1.36 

Asotin 6,775 211 1.13 1.77 1.32 1.41 

Benton 37,020 5,429 2.34 4.45 1.73 1.35 

Chelan 7,443 5,230 4.76 2.55 1.19 1.49 

Clallam 0 N/A N/A N/A N/A N/A 

Clark 69 1,944 0.38 0.14 1.06 1.27 

Columbia 11,000 392 8.05 12.29 1.17 1.25 

Cowlitz 154 781 0.76 0.28 1.16 1.69 

Douglas 104,276 2,345 6.85 8.09 1.36 1.39 

Ferry 1,387 219 4.13 2.34 1.09 1.27 
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Franklin 36,324 4,215 4.64 9.95 1.69 1.39 

Garfield 10,270 207 13.05 26.20 1.72 1.38 

Grant 81,971 8,561 8.41 21.19 1.58 1.30 

Grays Harbor 25 725 1.18 0.92 1.20 1.54 

Island 0 N/A N/A N/A N/A N/A 

Jefferson 17 288 0.97 1.06 1.14 1.22 

King 0 N/A N/A N/A N/A N/A 

Kitsap 0 N/A N/A N/A N/A N/A 

Kittitas  184,689 1,677 3.54 2.39 1.12 1.36 

Klickitat 66,687 1,447 6.40 6.75 1.24 1.29 

Lewis 36 1,798 2.58 4.17 1.42 1.41 

Lincoln 40,514 793 8.52 16.91 1.34 1.29 

Mason 0  N/A N/A N/A N/A 

Okanogan 15,522 3,853 8.60 12.23 1.35 1.34 

Pacific 34 521 2.75 4.67 1.35 1.17 

Pend Oreille 0 N/A N/A N/A N/A N/A 

Pierce 0 N/A N/A N/A N/A N/A 

San Juan 0 N/A N/A N/A N/A N/A 

Skagit 306 2,962 2.19 2.12 1.31 1.35 

Skamania 0 N/A N/A N/A N/A N/A 

Snohomish 54 2,198 0.28 0.33 1.20 1.23 

Spokane 2,945 3,406 0.54 0.31 1.22 1.76 

Stevens 5,647 1,233 3.51 3.52 1.14 1.34 

Thurston 16 2,040 0.65 0.70 1.28 1.50 

Wahkiakum 176 112 4.66 26.26 1.28 1.13 

Walla Walla 17,461 3,922 5.11 6.44 1.33 1.47 

Whatcom 71 4,583 1.80 1.64 1.33 1.57 

Whitman 35,586 1,270 2.22 5.74 1.36 1.30 

Yakima 102,357 20,504 7.74 10.51 1.44 1.55 

Washington 840,237 92,494 1.00 1.00 1.52 1.74 
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Table C2. Forestry Dependence 

County DNR 
Acres 

Forestry 
Employment 

Forestry LQ 
Employment 

Forestry 
LQ Output 

Employment 
Multiplier 

Output 
Multiplier 

Adams 100 4 0.31 0.79 1.65 1.32 

Asotin 1,345 13 1.12 1.87 1.58 1.46 

Benton 120 85 0.59 0.31 1.42 1.56 

Chelan 16,041 20 0.30 1.33 2.62 1.58 

Clallam 157,760 448 11.01 16.55 1.41 1.35 

Clark 61,181 309 0.98 1.03 1.33 1.41 

Columbia 865 1 0.32 0.68 1.57 1.30 

Cowlitz 80,838 571 8.99 11.43 1.48 1.30 

Douglas 425 7 0.32 0.30 1.58 1.48 

Ferry 16,787 26 7.82 10.09 1.40 1.36 

Franklin 116 11 0.20 0.96 2.50 1.43 

Garfield 382 0 0.37 0.61 1.33 1.25 

Grant 646 60 0.95 1.04 1.61 1.55 

Grays Harbor 99,997 284 7.47 10.29 1.42 1.45 

Island 310 23 0.50 0.71 1.79 1.39 

Jefferson 219,176 26 1.43 2.70 1.50 1.37 

King 115,021 346 0.15 0.20 1.59 1.47 

Kitsap 14,066 203 1.26 1.13 1.46 1.48 

Kittitas 99,440 27 0.92 2.73 1.73 1.41 

Klickitat 67,862 34 2.40 4.97 1.78 1.40 

Lewis 97,811 313 7.26 9.00 1.49 1.44 

Lincoln 2,435 6 1.04 0.91 1.25 1.28 

Mason 53,542 220 8.69 12.25 1.23 1.28 

Okanogan 127,673 88 3.17 4.04 1.60 1.52 

Pacific 87,968 137 11.62 19.61 1.52 1.31 

Pend Oreille 32,145 43 7.28 9.12 1.18 1.23 

Pierce 36,959 253 0.44 0.54 1.37 1.41 

San Juan 615 59 4.43 2.57 1.52 1.49 

Skagit 142,659 133 1.59 3.10 1.80 1.44 

Skamania 87,430 2 0.38 3.53 2.21 1.28 

Snohomish 166,930 191 0.40 0.65 1.55 1.37 

Spokane 9,759 98 0.25 0.29 1.54 1.74 

Stevens 112,029 292 13.43 17.40 1.43 1.44 

Thurston 71,903 718 3.69 3.17 1.35 1.52 
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Wahkiakum 43,036 66 43.91 74.27 1.28 1.27 

Walla Walla 644 26 0.55 2.04 2.47 1.58 

Whatcom 92,363 404 2.56 2.26 1.59 1.68 

Whitman 223 19 0.53 0.64 1.36 1.34 

Yakima 84,842 166 1.01 2.30 1.94 1.63 

Washington 2,203,447 5,732 1.00 1.00 1.77 1.83 
 

 

Table C3. Aquatic Dependence 

County DNR 
Acres 

Aquatic 
Employment 

Aquatic LQ 
Employment 

Aquatic 
LQ Output 

Employment 
Multiplier 

Output 
Multiplier 

Adams  1,933 1,128 0.73 1.08 1.13 1.18 

Asotin  2,921 1,622 1.25 2.22 1.21 1.26 

Benton  7,254 17,252 1.07 1.28 1.25 1.36 

Chelan  37,036 8,978 1.18 1.76 1.27 1.39 

Clallam  601,002 5,101 1.12 1.50 1.22 1.34 

Clark  2,977 31,488 0.89 1.15 1.26 1.36 

Columbia  1,342 251 0.74 0.77 1.12 1.26 

Cowlitz  12,738 7,843 1.10 1.20 1.22 1.34 

Douglas  4,879 2,563 1.08 1.53 1.24 1.31 

Ferry  948 326 0.89 1.11 1.17 1.33 

Franklin  1,977 5,895 0.94 1.08 1.16 1.25 

Garfield  5,085 35 0.32 0.34 1.09 1.16 

Grant  45,607 6,585 0.93 1.20 1.26 1.36 

Grays Harbor  39,759 5,826 1.37 2.26 1.22 1.27 

Island  797,323 5,200 1.00 1.44 1.22 1.30 

Jefferson  100,938 2,759 1.35 1.74 1.17 1.28 

King  159,416 247,712 0.95 0.80 1.28 1.49 

Kitsap  2,229 19,458 1.08 1.40 1.29 1.39 

Kittitas  17,880 3,888 1.18 1.47 1.13 1.23 

Klickitat  22,370 1,195 0.76 0.92 1.21 1.32 

Lewis  4,724 6,083 1.26 1.42 1.22 1.34 

Lincoln  834 352 0.55 0.57 1.14 1.24 

Mason  6,124 2,983 1.06 1.72 1.18 1.23 

Okanogan  9,079 2,662 0.86 1.25 1.20 1.33 
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Pacific  308,228 2,342 1.78 3.45 1.17 1.19 

Pend Oreille  17,446 523 0.79 1.07 1.19 1.29 

Pierce  53,768 69,786 1.09 1.28 1.24 1.37 

San Juan  3,660 1,916 1.30 2.06 1.24 1.31 

Skagit  25,375 10,483 1.12 1.25 1.19 1.25 

Skamania  5,523 634 1.29 1.83 1.16 1.23 

Snohomish  11,266 52,324 0.97 1.01 1.20 1.29 

Spokane  3,960 46,316 1.07 1.31 1.37 1.61 

Stevens  3,607 1,689 0.69 0.87 1.24 1.40 

Thurston  4,082 20,209 0.93 1.12 1.29 1.47 

Wahkiakum  8,847 174 1.04 1.24 1.08 1.20 

Walla Walla  10,555 4,574 0.86 0.98 1.20 1.36 

Whatcom  219,070 21,924 1.25 1.20 1.28 1.46 

Whitman  2,605 3,379 0.85 0.96 1.15 1.24 

Yakima  1,440 17,232 0.94 1.27 1.25 1.39 

Washington 2,565,810 640,692 1.00 1.00 1.39 1.71 
 

Table C4. Location Quotient Results Summary 

County 
Agriculture 
Employ- 
ment LQ 

Agriculture 
Acres 

Forestry 
Employ- 
ment LQ 

Forestry 
Acres 

Aquatic 
Employ
- ment 
LQ 

Aquatic 
Acres 

Total DNR 
Acres 

Washington 
State  

1.00 840,237 1.00 2,203,447 1.00 2,565,810 5,609,494 

Island  N/A - 0.50 310 1.00 797,323 797,633 

Clallam  N/A - 11.01 157,760 1.12 601,002 758,762 

Pacific  2.75 34 11.62 87,968 1.78 308,228 396,230 

Jefferson  0.97 17 1.43 219,176 1.35 100,938 320,131 

Whatcom  1.80 71 2.56 92,363 1.25 219,070 311,504 

Kittitas  3.54 184,689 0.92 99,440 1.18 17,880 302,009 

King  N/A - 0.15 115,021 0.95 159,416 274,437 

Yakima  7.74 102,357 1.01 84,842 0.94 1,440 188,639 

Snohomish  0.28 54 0.40 166,930 0.97 11,266 178,250 

Skagit  2.19 306 1.59 142,659 1.12 25,375 168,340 

Klickitat  6.40 66,687 2.40 67,862 0.76 22,370 156,919 
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County 
Agriculture 
Employ- 
ment LQ 

Agriculture 
Acres 

Forestry 
Employ- 
ment LQ 

Forestry 
Acres 

Aquatic 
Employ
- ment 
LQ 

Aquatic 
Acres 

Total DNR 
Acres 

Okanogan  8.60 15,522 3.17 127,673 0.86 9,079 152,274 

Grays 
Harbor  

1.18 25 7.47 99,997 1.37 39,759 139,781 

Grant  8.41 81,971 0.95 646 0.93 45,607 128,224 

Stevens  3.51 5,647 13.43 112,029 0.69 3,607 121,283 

Douglas  6.85 104,276 0.32 425 1.08 4,879 109,580 

Lewis  2.58 36 7.26 97,811 1.26 4,724 102,571 

Cowlitz  0.76 154 8.99 80,838 1.10 12,738 93,730 

Skamania  N/A - 0.38 87,430 1.29 5,523 92,953 

Pierce  N/A - 0.44 36,959 1.09 53,768 90,727 

Thurston  0.65 16 3.69 71,903 0.93 4,082 76,001 

Adams  8.13 71,405 0.31 100 0.73 1,933 73,438 

Clark  0.38 69 0.98 61,181 0.89 2,977 64,227 

Chelan  4.76 7,443 0.30 16,041 1.18 37,036 60,520 

Mason  N/A - 8.69 53,542 1.06 6,124 59,666 

Wahkiakum  4.66 176 43.91 43,036 1.04 8,847 52,059 

Pend Oreille  N/A - 7.28 32,145 0.79 17,446 49,591 

Benton  2.34 37,020 0.59 120 1.07 7,254 44,394 

Lincoln  8.52 40,514 1.04 2,435 0.55 834 43,783 

Franklin  4.64 36,324 0.20 116 0.94 1,977 38,417 

Whitman  2.22 35,586 0.53 223 0.85 2,605 38,414 

Walla Walla  5.11 17,461 0.55 644 0.86 10,555 28,660 

Ferry  4.13 1,387 7.82 16,787 0.89 948 19,122 

Spokane  0.54 2,945 0.25 9,759 1.07 3,960 16,664 

Kitsap  N/A - 1.26 14,066 1.08 2,229 16,295 

Garfield  13.05 10,270 0.37 382 0.32 5,085 15,737 

Columbia  8.05 11,000 0.32 865 0.74 1,342 13,207 

Asotin  1.13 6,775 1.12 1,345 1.25 2,921 11,041 

San Juan  N/A - 4.43 615 1.30 3,660 4,275 
 

IMPLAN, 2024. Washington State (with all indivicual counties) data. Purchased at www.implan.com on 
August 19, 2024. 

http://www.implan.com/
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IMPLAN, Undated. Research & Reports: IMPLAN Data Overview & Sources. Available at:  
https://implan.com/data-sources/  

  

https://implan.com/data-sources/
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Appendix D: Dashboard Design 
Background 
 

Marketplaces for ecosystem services help connect landowners with buyers interested in 
investing in nature-based carbon credits. These platforms often include a dashboard—a central 
feature that provides clear, accessible information about available projects. A typical dashboard 
shows project locations and summaries, and may also include details such as the project 
developer, description, number of credits available, project status, and links to additional 
resources like reports or bid forms. When designing these systems, it’s important to consider 
how a broad audience will understand and use the information presented. 

Dashboard Design Options  
 
There are several design features and options available for presenting information, some of 
which are outlined in Table D1. A variety of tools can be used to build dashboards, each with its 
own design requirements, costs, and hosting considerations. 
 
Table D1. Dashboard Design Options 

Design Feature/Function Description Example 
Link 

Applicable 
Service or 
Market 

StoryMap A StoryMap 
uses 
interactive 
maps, text, 
images, etc. 
to tell a 
story 

USFWS 
Reviving 
Rivers, 
Reconnecting 
Communities  

Communicating 
with non-
technical 
general public 

Draw function Allows the 
user to use 
their mouse 
as a stylus 
to create 
points or 
polygons 

 Users who 
need to 
markup a map 

Near Me   
Identifies 
features 
near the 
user 

Fire Weather Users who 
need to find a 
nearby feature 

https://storymaps.arcgis.com/stories/3a074c0f542043e9b3ef0e26bb000643
https://storymaps.arcgis.com/stories/3a074c0f542043e9b3ef0e26bb000643
https://storymaps.arcgis.com/stories/3a074c0f542043e9b3ef0e26bb000643
https://storymaps.arcgis.com/stories/3a074c0f542043e9b3ef0e26bb000643
https://storymaps.arcgis.com/stories/3a074c0f542043e9b3ef0e26bb000643
https://www.fireweatheravalanche.org/fire/state/utah


Ecosystem Services Work Group | 2025 Legislative Final Report  
 

134 
 

Swipe Between Layers  Compare 
two layers 
by revealing 
the bottom 
layer 

Occupants 
per Room 

All 

Survey123 Build a 
survey to 
gather 
geographic 
and textual 
info 

Cardenal 
Amarillo 
Sightings 

DNR staff or 
the public for 
data collection 

Mobile Capable Formatted 
so viewers 
can operate 
on a mobile 
phone or 
tablet  

Florida 
Hunting 
Quota 

Communicating 
with general 
public 

Filter(s) Subset Data Water 
Quality Atlas 

All 

Numerical Indicator Summary 
Data 
Number 

ASNV 
Wildlife 
Sanctuary 
Program  

All 

Chart/Graph/Table maker Summarize 
data 
dynamically 

Interagency 
Treatments 

All 

 

Dashboard Design for Ecosystem Services Information Sharing 

One of the key challenges in developing a public-facing dashboard is selecting features that 
clearly and effectively communicate the intended information. For DNR, the following 
dashboard features could be prioritized: 

• Hosting of Requests for Proposals (RFPs) 

• Integration with DNR’s existing RFP system and potentially the state’s WEBs system 

• Multiple filters for easier navigation 

• Integration with Survey123 

• Tools to create charts, tables, and graphs 

• Numerical indicators and progress meters 

https://ekenes.github.io/mexico-census-2020/mexico-household-stats/
https://ekenes.github.io/mexico-census-2020/mexico-household-stats/
https://storymaps.arcgis.com/stories/e69b5e2422bc4fd6b49c02275f2a60a6
https://storymaps.arcgis.com/stories/e69b5e2422bc4fd6b49c02275f2a60a6
https://storymaps.arcgis.com/stories/e69b5e2422bc4fd6b49c02275f2a60a6
https://myfwc.maps.arcgis.com/apps/dashboards/cca3087a94044659b3fa67c0c0dc076d
https://myfwc.maps.arcgis.com/apps/dashboards/cca3087a94044659b3fa67c0c0dc076d
https://myfwc.maps.arcgis.com/apps/dashboards/cca3087a94044659b3fa67c0c0dc076d
https://apps.ecology.wa.gov/waterqualityatlas/wqa/map?CustomMap=y&BBox=-14338616,5395963,-12562831,6503994&RT=0&Layers=27&Filters=y,n,n,n,n,n&F1.4=n,n,n,n,n,y
https://apps.ecology.wa.gov/waterqualityatlas/wqa/map?CustomMap=y&BBox=-14338616,5395963,-12562831,6503994&RT=0&Layers=27&Filters=y,n,n,n,n,n&F1.4=n,n,n,n,n,y
https://www.arcgis.com/apps/dashboards/96896859c42c4301a8032609493a9e00
https://www.arcgis.com/apps/dashboards/96896859c42c4301a8032609493a9e00
https://www.arcgis.com/apps/dashboards/96896859c42c4301a8032609493a9e00
https://www.arcgis.com/apps/dashboards/96896859c42c4301a8032609493a9e00
https://portal.sparcal.sdsc.edu/arcgis/apps/experiencebuilder/experience/?id=75a9d828425243e3bab910f420cc8bf4
https://portal.sparcal.sdsc.edu/arcgis/apps/experiencebuilder/experience/?id=75a9d828425243e3bab910f420cc8bf4
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• Optional features such as a swipe tool to compare map layers 

These priorities guided the evaluation of available dashboard design tools and the development 
of three recommended options, which could be used individually or in combination. 

Available Dashboard Design Tools 

Several web-based tools can help create an interactive dashboard to meet DNR’s needs. These 
tools vary in cost, ease of use, and technical requirements. Some are commercial off-the-shelf 
(COTS) tools with user-friendly interfaces, while others are free but require coding expertise. 
Common options include: 

• ESRI’s ArcGIS Online (AGOL) 

• Tableau 

• R Flexdashboard 

• R + Leaflet 

• Mapbox with Power BI 

These tools were evaluated based on their ability to effectively communicate ecosystem service 
opportunities and challenges, including the potential for carbon credits and regulatory 
considerations. 

Recommended Dashboard Design Options 

Based on DNR feedback, three dashboard design options were identified, each with varying 
levels of interactivity, customization, and technical needs. Below is a summary of these options, 
followed by a comparison of their deployment and hosting requirements. 

Option 1: AGOL StoryMap 

The AGOL StoryMap platform allows for the creation of interactive dashboards that combine 
text, images, and maps. A StoryMap guides users through complex data, offering an easy-to-
understand narrative. For example, the U.S. Fish and Wildlife Service’s Reviving Rivers, 
Reconnecting Communities StoryMap effectively conveys detailed, location-specific information. 
This format can be used to present RFPs or project proposals, with an introductory overview 
followed by detailed project data, displayed geospatially. 

Option 2: AGOL Marketplace Dashboard 

A marketplace dashboard could display carbon credit opportunities and other ecosystem 
services. This interactive dashboard would show potential carbon projects on DNR-managed 
land, allowing users to browse and view detailed project information. Summary statistics would 
be dynamically updated as users interact with the dashboard, and information could be filtered 
by parcel, region, or project type. This dashboard would allow the public to track the progress of 
carbon projects as credits are developed and sold. 
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Option 3: AGOL Monitoring Dashboard 

The Interagency Treatment Dashboard, built using AGOL Experience Builder, tracks project 
progress over time. It integrates multiple dashboards to display various datasets dynamically. A 
similar monitoring dashboard could be used to inventory and analyze data from ecosystem 
service projects, such as the results of a marginal abatement cost (MACC) analysis, before 
proposals are developed. This format would also include an explanatory page to help users 
understand the cost models behind the data. 

Hosting and Maintenance 

The dashboards can be hosted either by DNR on its AGOL account or by an external contractor. 
All content would be branded with DNR colors and logos, and the dashboards could be 
maintained by DNR or a third-party provider. 

 

Available Dashboard Design Tools 
 

A description of each of the options and associated functionality is provided below, followed by 
a comparison of the deployment and hosting requirements associated with the three options.  

AGOL Experience Builder and/or StoryMaps can be leveraged to build a dashboard experience 
where information from a project database can be displayed and summarized in an easy to 
understand and accessible format. Experience Builder can be thought of as an envelope in which 
multiple components of a geospatial website can be combined. An Experience Builder can 
contain a dashboard or other data summaries. An Experience Builder can also contain a 
StoryMap.  

A StoryMap is a webpage formatted to lead the reader through a complex set of geospatial and 
or tabular data. Typically, a StoryMap will contain explanatory text followed by interactive maps, 
images, and/or graphs and charts. A StoryMap is an excellent way to explain difficult geospatial 
datasets and concepts. 

Detailed dashboards can be formatted for desktop monitors, with a simplified view for mobile 
users. Dashboards could include a web map which shows DNR lands and spatial assessment 
data. A web map can dynamically drive tables and charts summarizing the assessment data, 
including carbon projects and other ecosystem service projects that DNR might like to offer to 
market participants. Information from the marginal cost abatement model can also be available 
within the display. Tables and charts can be summarized by selecting one or more parcels from 
the embedded web map. Both the web map and charts can be filtered by geography such as 
“Counties” or by abatement model attributes such as “Sediment Control”. Part of the dashboard 
would be developed to display resources placed under contract. 
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A web mapping application can be created to provide a platform for DNR staff to upload carbon 
and ecosystem services opportunities and RFPs (see Figure 1). The opportunities and RFPs can 
be displayed on the previously mentioned public dashboard(s) or could be hosted as a stand-
alone application to inform the public. 

The recommended dashboards and associated data could be hosted either by the contractor or 
on DNR’s AGOL account. All content would be branded with DNR colors and logos. The 
dashboards and associated data design recommendations can be structured so that it can be 
hosted and maintained by DNR or by a third-party contractor. 

Dashboard Design Option 1: AGOL StoryMap 
AGOL StoryMap is an ArcGIS online platform that can be used to build a dashboard to 
communicate information, share text, and share images. The USFWS Reviving Rivers, 
Reconnecting Communities is a good example of a StoryMap that effectively conveys a tailored 
set of information about specific locations. StoryMap gives the agency the ability to provide a 
backstory and present chosen statistics before displaying the information in a more detailed 
manner, ensuring that key messages are not lost on the user. After the initial introduction, each 
project can then be displayed spatially with additional details that are of interest or can help the 
user further understand the project. This concept could be an effective way to locate requests 
for projects or proposals and convey each proposal’s details. 

Dashboard Design Option 2: AGOL Marketplace Dashboard  
To demonstrate the concept of a marketplace dashboard, the team created an example based 
on DNR land. As depicted below in Figure 2, a marketplace dashboard should display the 
pertinent information that a carbon project developer would need for a basic understanding 
about a given potential project. Using the information on this dashboard the public could also 
monitor the progress of the carbon program as credits are developed and sold. 

The example marketplace dashboard allows the user to peruse potential parcels for carbon 
credit, or other ecosystem service marketplace participation, geospatially. It also includes 
summary statistics to the left. These can be tailored to show summary information DNR believes 
to be most helpful to the user as they utilize the dashboard. These features can apply to all DNR 
managed land in the dashboard or scale down to smaller areas (parcels or regions) as desired by 
the user. All summary information can change dynamically when a carbon unit is selected. 

https://storymaps.arcgis.com/stories/3a074c0f542043e9b3ef0e26bb000643
https://storymaps.arcgis.com/stories/3a074c0f542043e9b3ef0e26bb000643
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Figure 2. Example Dashboard created to display hypothetical carbon units  

Dashboard Option 3: AGOL Monitoring Dashboard 
The Interagency Treatment Dashboard is a good example of a monitoring dashboard built 
within AGOL Experience Builder. Experience Builder is a custom application design program that 
can be linked to applications like dashboards or integrated into things like Survey123. It is an 
ArcGIS tool that allows users to create pages without writing code. With Experience Builder a 
user can edit, change or create new experiences and unify web maps, apps, pages, 2D and 3D 
data. It can also be used to create mobile adaptive apps. https://www.esri.com/en-
us/arcgis/products/arcgis-experience-builder/overview.  

The Interagency Treatment Dashboard tracks metrics and shows progress over time. It is also a 
good example of how multiple dashboards and an information page can be integrated within an 

https://interagencytrackingsystem.org/
https://www.esri.com/en-us/arcgis/products/arcgis-experience-builder/overview
https://www.esri.com/en-us/arcgis/products/arcgis-experience-builder/overview
https://interagencytrackingsystem.org/
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Experience Builder project. The “Activity” and “Footprints” tabs contain dashboards displaying 
different datasets. All components of the two dashboards are dynamic; meaning, if you click on 
a table or chart then the other dashboard components are filtered accordingly (see Figure 3). A 
dashboard like this could be an effective way to locate inventory and analyze the underlying 
data like the results of a MACC analysis, prior to proposal development. Having a page like the 
“Learn More” page would be an effective way to explain the marginal abatement cost model. 

Figure 3 California Wildfire & Forest Resilience Task Force, Interagency Treatment Dashboard 

  

Dashboard Implementation Plan 
 

The implementation plan outlines the staffing, technology, and funding needed to set up and 
maintain a dashboard over the long term. 

Leasing land for carbon credit projects would function similarly to leasing for timber harvest or 
livestock grazing. As a result, DNR may be able to add a simple overlay to its existing lease 
databases and dashboards to identify parcels suitable for ecosystem service activities as part of 
the standard lease cycle. 

If DNR partners with a third-party project developer, those developers would likely use their own 
systems (such as the Verified Carbon Standard or Climate Action Reserve platforms). In that 
case, a simple public-facing StoryMap that shows project locations, available credits, and 
environmental benefits such as carbon sequestration or habitat preservation may be sufficient. 

However, finalizing the implementation approach depends on upcoming decisions about how 
projects will be developed and managed. Understanding the potential costs and resource needs 
for dashboard hosting will help inform those decisions. These are discussed in the following 
section. 

https://interagencytrackingsystem.org/
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Dashboard Hosting Options 
 

The first step in implementation is deciding where to host the dashboard. DNR already uses ESRI 
products like ArcGIS Online (AGOL) and ArcGIS Pro, and has in-house staff with the expertise to 
manage these systems. However, additional staffing or funding may be needed depending on 
the number and complexity of the dashboards developed. 

ESRI dashboards are designed to work with maps and spatial data, making them well-suited for 
public land management. They also integrate easily with the Washington Geospatial Open Data 
Portal, allowing for public access to the information. 

DNR has two main hosting options: 

• ArcGIS Online (AGOL): A cloud-based, subscription service hosted and maintained by 
ESRI. AGOL automatically scales to meet demand and doesn’t require DNR to manage 
servers. It charges a subscription fee and uses ESRI “credits” for data storage and 
bandwidth. 

• ArcGIS Enterprise: Software installed and managed on DNR’s own servers. This option 
provides full control over the system but also requires internal resources to maintain and 
scale as demand grows. While it avoids ESRI credit charges, it does require a subscription 
and more technical support. 

AGOL is managed entirely by ESRI, while ArcGIS Enterprise requires DNR to handle server 
performance, bandwidth, and maintenance. Reliable performance, especially during periods of 
high public interest (e.g., media coverage), depends on having sufficient infrastructure and 
bandwidth. 

Three hosting alternatives were considered: 

1. AGOL (Cloud-based via ESRI) 

2. ArcGIS Enterprise on Amazon Web Services (AWS) 

3. ArcGIS Enterprise on DNR’s local servers 

A comparison of staffing, infrastructure, maintenance needs, and cost for each option is 
provided in the table below. 

 



Ecosystem Services Work Group | 2025 Legislative Final Report  
 

141 
 

 
 
 
 
Hosting and Development Requirement Comparison  
Table D2. Dashboard Hosting Alternatives 

Dashboard Hosting Alternatives 
 AGOL ArcGIS Enterprise 

Amazon Web 
Services (AWS) 

ArcGIS 
Enterprise Local 

Server Set Up  NA GIS Administrator - 
0.04 FTE (80hrs) 

GIS 
Administrator - 
0.04 FTE (80hrs) 

Hardware and 
Infrastructure 

Desktop or 
Laptop 
Computer 

Desktop or Laptop 
Computer 

GIS Server 
Static IP Address 
1 Gigabit or 
higher Internet 
Connection 
Desktop or 
Laptop 
Computer 

Cost  $2,200/yr for 
an AGOL 
Professional 
subscription 
$3,600/yr for 
30,000 Credits 
(* additional 
credits may be 
required) 

$2,200/yr for an 
ArcGIS Professional 
subscription 
$3,200/yr Amazon 
Web Services for:  
R5d.xlarge 
Family: r5d 
4vCPU 
32 GiB Memory 
Windows Server 

$10,000/yr for 
an ArcGIS 
Enterprise 
subscription 
($30,000 first 
year) 
$7,000 GIS 
server hardware 

Dashboard 
Development  

GIS Analyst: 
520hrs 
GIS 
Administrator: 
20hrs 

GIS Analyst: 520hrs 
GIS Administrator: 
20hrs 

GIS Analyst: 
520hrs 
GIS 
Administrator: 
40hrs 

Maintenance 
Staffing  

DNR Subject 
Matter Expert 
– 0.1 FTE 
(200hrs/yr)  

DNR Subject Matter 
Expert – 0.1 FTE 
(200hrs/yr) 

DNR Subject 
Matter Expert – 
0.1 FTE 
(200hrs/yr) 
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GIS Technician 
- 0.04 FTE 
(80hrs/yr) 

GIS Technician - 
0.04 FTE (80hrs/yr) 
GIS Administrator – 
0.001 FTE (20hrs/yr) 

GIS Technician - 
0.04 FTE 
(80hrs/yr) 
GIS 
Administrator – 
0.001 FTE 
(20hrs/yr) 

Dashboard DevelopmentOnce the dashboard features are selected, development can begin. 
Each of the dashboard options described earlier would require a similar development timeline 
and level of coordination. 

Building a fully functional dashboard to help users locate carbon inventory would take 
approximately 200 hours, including meetings with DNR staff. Creating the supporting content—
such as text and visuals for a marginal abatement cost model page—would take another 40 
hours. If the dashboard is to be mobile-friendly, an additional 40 hours per dashboard would be 
required. Preparing a technical summary of the data and dashboard configuration would take 
about 20 hours. In total, creating a single, mobile-capable dashboard with all supporting 
materials would require about 520 hours of work by a GIS Analyst, and an additional 20 to 40 
hours for deployment by a GIS Administrator. 

 

Dashboard Maintenance 

Ongoing maintenance needs will depend on the hosting method chosen: 

• General maintenance tasks (such as updating data and formatting) will require similar 
time commitments from DNR’s subject matter experts and GIS technicians, regardless of 
the hosting platform. 

• Additional technical support may be required from a GIS Administrator if the 
dashboard is hosted using Amazon Web Services (AWS) or ArcGIS Enterprise, due to the 
added complexity of maintaining those systems. 

 

Additional Considerations 
 

Several additional factors and software options were considered: 

• Internal Monitoring Dashboard: A dashboard for internal use could help DNR 
managers track which projects are under proposal or contract, and when carbon 
inventory will become available. 

• Integration with Existing Dashboards: DNR already maintains two public 
dashboards—the Product Sales Viewer, which displays upcoming timber and biomass 
sales, and the Lease Opportunity Viewer, which shows available agricultural and grazing 
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leases. Instead of creating a separate dashboard for carbon offset projects, combining all 
these tools into a single platform would give the public a more comprehensive view of 
available opportunities on DNR-managed lands. 

• Future Ecosystem Services: As new ecosystem service markets develop (such as water 
quality, biodiversity, or habitat credits), DNR may wish to expand the dashboard to 
include these options. Building the dashboard with flexibility for future markets can 
reduce additional development work later. 

• Cost Comparison Tool: A dynamic calculator could help DNR staff compare the 
potential value of leasing a parcel for timber harvest versus carbon credits. This tool 
would require custom development using coding languages like Python or Java. 

 
Conclusions and Recommendations  
 

Uncertainty remains around if, when, and how DNR will participate in ecosystem service credit 
markets. Rapid changes in technology and associated costs make it likely that any detailed plan 
developed now could become outdated before implementation begins. 

This report serves as a planning tool, outlining key considerations, technical options, and 
resource needs to guide future decisions. 

All three dashboard design options presented can be adapted to meet DNR’s goals, depending 
on the intended audience and communication needs. 

ArcGIS Online (AGOL) is recommended as the most flexible, cost-effective, and user-friendly 
platform—particularly for carbon offset projects. It is widely used by state agencies and can 
support both public engagement and internal planning. AGOL would allow DNR to build a 
dashboard to display carbon inventory and lease opportunities on state-managed lands. Other 
tools are viable but may require more specialized technical expertise. 
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Appendix E: Ecosystem Services Equity and Innovation 
Account 
DNR manages four broad categories of land, State Trust Lands, Conservation Lands, Aquatic 
Lands, and administrative sites.  

State Trust Lands are held for defined beneficiaries and revenues derived from their 
management must be distributed exclusively to those beneficiaries.  Diverting revenues from 
ecosystem services sales to an Equity and Innovation Account would not be permissible.  The 
legislature could create a new Ecosystem Services Trust and provide funding for the department 
to buy lands specifically for this new trust. 

Aquatic Lands are held under the public trust doctrine and the legislature could dedicate 
revenues from ecosystem services into a new account. Similarly, the legislature could direct any 
revenues from ecosystem services on DNR’s 168,073 acres Natural Areas and Natural Resource 
Conservation Areas or the 52,220 acres of Community Forest Trusts to a new account.  
Administrative sites are likely too small to generate any significant revenue from ecosystem 
services. 

If created, an Ecosystem Services Equity and Innovation Account could support efforts to pilot or 
incentivize new ecosystem services including innovative models that promote broader inclusion 
aimed at expanding access to ecosystem service markets for historically marginalized groups. 
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