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Pathways for Sequestration and Storing Carbon 1 
 2 
Vermont's natural and working lands and waters are our greatest asset in mitigating the impacts 3 

of climate change. Natural climate solutions (as outlined in section 13) are conservation, 4 

restoration and improved land management actions that increase carbon storage or avoid 5 

greenhouse gas emissions in landscapes and wetlands. Combined with taking action to reduce 6 

our emissions through the preceding strategies and actions, natural climate solutions offer 7 

Vermont some of our best options in the response to climate change. These strategies and actions 8 

will help us build a more resilient and adaptive Vermont while also helping us sequester and 9 

store more carbon. Natural and working lands (NWL) in Vermont currently store over 2,000 10 

MMT CO2–e and sequester carbon at a current annual rate of -2.91 MMT CO2 –e 1. Steps must 11 

be taken to ensure this sequestration and storage capacity are maintained and enhanced.  12 

 13 

Those that live and work in these ecosystems have a critical role in helping us reduce our net 14 

emissions. Management decisions on NWLs can result in both the reduction of emissions and 15 

also increased absorption and storage of carbon dioxide (sequestration) from the same unit of 16 

land –  these management choices also result in net sequestration across forestry, wetlands, and 17 

agricultural emissions.2 Therefore, it is critical that landowners and those within the farm and 18 

forest sectors are empowered to select the best management decisions to both ensure the 19 

continued sequestration and long-term storage of carbon, while maintaining economically viable 20 

operations.  A critical component of moving into a resilient and adaptive future in the face of our 21 

changing climate lies squarely in our ability as a state to empower, embrace, and increase the 22 

inherent resiliency of our natural and working lands and ecosystems to provide for our shared 23 

future.  24 

 25 

Outlined below is a set of pathways, strategies, and actions that will not only empower 26 

Vermont’s land to store and sequester carbon, but uplift and resource the land stewards, 27 

 
1 Galford et al. 2021. A Carbon Budget for Vermont. Insert link 
https://outside.vermont.gov/agency/anr/climatecouncil/Shared%20Documents/Carbon%20Budget%20for%20Verm
ont%20Sept%202021.pdf 
2 Ex-ACT modeling from carbon budget. 
https://outside.vermont.gov/agency/anr/climatecouncil/Shared%20Documents/Carbon%20Budget%20for%20Verm
ont%20Sept%202021.pdf 

https://outside.vermont.gov/agency/anr/climatecouncil/Shared%20Documents/Carbon%20Budget%20for%20Vermont%20Sept%202021.pdf
https://outside.vermont.gov/agency/anr/climatecouncil/Shared%20Documents/Carbon%20Budget%20for%20Vermont%20Sept%202021.pdf
https://outside.vermont.gov/agency/anr/climatecouncil/Shared%20Documents/Carbon%20Budget%20for%20Vermont%20Sept%202021.pdf
https://outside.vermont.gov/agency/anr/climatecouncil/Shared%20Documents/Carbon%20Budget%20for%20Vermont%20Sept%202021.pdf
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landowners, farmers, foresters, and caretakers who interact with our natural and working lands 28 

every day. As a result, Vermont will also realize significant co-benefits, including buffering the 29 

impacts of extreme precipitation and drought stress, reducing downstream flood risks, supporting 30 

biodiversity and regional habitat connectivity, protecting water quality, and enhancing 31 

productivity of healthy soils. This work also seeks to acknowledge the systems in which we are 32 

currently mired, those that capitalize farmers and foresters into extractive methods of production 33 

and result in  both inequity to our land base, historically marginalized populations, frontline, and 34 

impacted communities, including farmers and foresters themselves.  35 

 36 

Efforts to invest in the capability of Vermont’s natural and working lands to sequester and store 37 

carbon are being undertaken by farm and forest managers on their lands throughout Vermont 38 

today, but as we face increased extreme weather events, generational land transfer, exacerbated 39 

income and social inequity it will be incumbent upon us all to transform the manner with which 40 

we design and implement our approach moving forward to ensure that both an equity and climate 41 

lens are first and foremost in how we prioritize our actions. Vermont is fortunate to have large 42 

forest, wetland, and agricultural carbon stocks and we must take action to maintain them. While 43 

carbon sequestration rates are not constant, we can invest in conservation practices and more 44 

while also further advancing research and monitoring to foster a deeper understanding of 45 

Vermont’s sequestration potential.  46 

 47 

In fact, an analysis conducted for the VCC by Cadmus indicates that Vermont has seen a steady 48 

decline in annual sequestration.  If that historic trend continues the state will not meet the 49 

GWSA’s 2050 net zero target, even if the 2025 and 2030 emission reduction targets are 50 

achieved.  The Cadmus analysis indicates Vermont must maintain sequestration at or above 51 

projected 2035 levels in order to be net zero by 2050. 52 

 53 

To meet the required objectives of the GWSA and mitigate drivers of climate change, it is 54 

critical that the State of Vermont invest in measures to protect existing carbon stocks, increase 55 

the net balance of carbon sequestration in natural and working landscapes, better understand the 56 

way land management changes influence the storage and sequestration of carbon, and accurately 57 

track changes over time. These strategies and actions give land managers the financial and 58 
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technical support to implement practices that protect and increase carbon in the landscape so that 59 

Vermont can complement its emission reductions with sequestration and storage goals that get 60 

the state to net zero. 61 

 62 

PATHWAY - Maintain and expand Vermont’s natural and working lands’ 63 

role in the mitigation of climate change through human interventions to 64 

reduce the sources and enhance the sinks of greenhouse gases. 65 

 66 

STRATEGIES AND ACTIONS 67 

 68 

1. Leverage, expand, and adapt existing State of Vermont programs that support the 69 

agricultural sector’s mitigation of climate change through:  70 

• Prevention—of emissions to the atmosphere by conserving existing carbon pools in soils 71 

or vegetation, or by reducing emissions of methane (CH4) and nitrous oxide (N2O); 72 

• Sequestration—by increasing the size of existing carbon pools, and thereby extracting 73 

carbon dioxide (CO2) from the atmosphere; and 74 

• Substitution—substituting of biological products for fossil fuels or energy-intensive 75 

products, thereby reducing CO2 emissions. 76 

 77 

a. Implement agronomic practices that reduce tillage and increase vegetative cover, e.g., 78 

no-till, cover crop.  79 

b. Expand Capital Equipment Assistance Program (CEAP) program to extend beyond 80 

water quality and incorporate climate change criteria. 81 

c. Implement grazing practices that increase vegetative cover and forage quality, e.g. 82 

rotational grazing. 83 

d. Implement agroforestry and silvopasture practices that integrate woody vegetation in 84 

agricultural production. 85 

e. Implement edge-of-field practices that increase herbaceous and woody vegetation, 86 

e.g. riparian forest buffer (e.g. CREP).   87 
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f. Implement natural resource restoration practices that support climate mitigation and 88 

resilience, including river corridor easements, wetland restoration, and afforestation 89 

practices with consideration to agricultural land loss.   90 

g. Implement Nutrient Management and Amendments (e.g., biochar, compost) on 91 

cropland and grazing land. 92 

h. Implement methane capture and energy generation on farms, e.g., anaerobic digesters 93 

and covers.  94 

i. Research and pilot programs for improved manure management and storage. 95 

j. Research and develop a climate feed management program, including both feed 96 

amendments (e.g., seaweed, biochar) and feed quality (e.g., forage quality) to reduce 97 

enteric methane emissions; consider downstream impacts, sustainability, and equity. 98 

 99 

Preliminary Assessment of Strategy against Criteria 

Impact:  Over 300,000 acres of cumulative agricultural conservation practices have 

been implemented by farmers in Vermont since 2016.3 The adoption of natural 

climate solutions (NCS) and technologies to address water quality impacts on farms 

have co-benefits for GHG mitigation goals in Vermont. USDA reports that 

mitigation efforts across agricultural cropland management, manure management, 

and pasture management can provide over 70 MMT of CO2-e emission reduction 

across the United States.4  

Equity:  Soil health can be improved across all sectors of Vermont agriculture. 

Access to state programs is coordinated with federal programs to attempt to provide 

the most coverage for different sized farms with different planning and 

management goals. Any new programs created and existing programs when 

feasible should be assessed utilizing the Just Transitions’' subcommittee's Guiding 

Principles. Cost-effectiveness:  A 2021 study reports that in Canada, agricultural 

 
3 Clean Water Interactive Dashboard based on data from Vermont Clean Water Initiative 2020 Performance Report. 
January 15, 2021. 
https://app.powerbigov.us/view?r=eyJrIjoiNTI5Y2QxZDEtODY3Ni00ZmYwLThjZTAtNjdiNTM3YTQyZjRkIiwid
CI6IjIwYjQ5MzNiLWJhYWQtNDMzYy05YzAyLTcwZWRjYzc1NTljNiJ9. 
4 Pape, D., J. Lewandrowski, R. Steele, D. Man, M. Riley-Gilbert, K. Moffroid, and S. Kolansky, 2016. “Managing 
Agricultural Land for Greenhouse Gas Mitigation within the United States.” Report prepared by ICF International 
under USDA Contract No. AG-3144-D-14-0292. July 2016. 
https://www.usda.gov/sites/default/files/documents/White_Paper_WEB_Final_v3.pdf.  

https://www.usda.gov/sites/default/files/documents/White_Paper_WEB_Final_v3.pdf
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cropland management could provide the most GHG mitigation potential by 2030 at 

the most cost-effective price point across all natural climate solutions evaluated, 

with over 68% of the 44.4 MT CO2-e mitigation potential for agriculture costing 

less than $100/MT CO-e.5 Quantifying the mitigation benefit of existing 

agricultural conservation practices and extending their reach is an immediate first 

step Vermont can take to mitigate agricultural GHG emissions. 

Co-Benefits:  Vermont’s air, biodiversity, soil, water, and social considerations are 

improved through the implementation of existing agricultural conservation 

programming described in actions (a) – (j) above. Specific examples of co-benefits 

in addition to GHG mitigation potential include:  

• Overall adaptation, resilience, and water quality benefits 

• Reduced soil erosion 

• Reduced nutrient runoff 

• Increase in soil organic matter (soil health, infiltration, water storage) 

• Reduced flooding 

• Resilience to drought and extreme rain events 

• Reduced nitrogen fertilizer if planting legumes 

• Reduced ground temperatures due to albedo effect of plant cover 

Technical Feasibility:  Yes 

 100 

2. Create a system for tracking and accounting metrics and indicators for natural and 101 

working lands. The tracking and accounting for emissions reductions and sequestration are 102 

inadequate for natural and working lands and need improvement and additional resources for 103 

development and maintenance. Extensive datasets exist for water quality implementation but 104 

need specific quantification for climate mitigation (a). Additionally, the current tools used for 105 

quantification are inadequate for the complicated management mechanisms and natural 106 

processes occurring on natural and working lands that lead to climate mitigation (b). Finally, 107 

update the state’s inventory to reflect guidance set by the Intergovernmental Panel on 108 

Climate Change (IPCC) of the United Nations to account for net emissions. Adequately 109 

 
5 Drever, C Ronnie et al. “Natural Climate Solutions for Canada.” Science Advances 7, 1 (June 2021). 
https://www.science.org/doi/10.1126/sciadv.abd6034.  

https://www.science.org/doi/10.1126/sciadv.abd6034
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tracking and accounting for emissions gains and losses from natural and working lands is 110 

essential to justly credit and further incentivize ongoing climate mitigation work by farmers, 111 

foresters, and other land managers. 112 

a. Develop a methodology and protocol for quantifying climate mitigation, resilience, 113 

and adaptation impacts of existing state and federal water quality implementation 114 

programs as reported through the annual Clean Water Initiative Performance Report. 115 

The Clean Water Initiative Performance Report “summarizes the State of Vermont’s 116 

clean water efforts and demonstrates how investments are making a difference 117 

through accountability measures.”6 As mentioned, most water quality conservation 118 

practices and programs also have climate mitigation, resilience, and adaptation 119 

benefits. Recommend using existing tracking systems and quantify the climate 120 

benefits from this existing implementation and data tracking. The data spans state and 121 

federal funding programs and regulatory programs that drive clean water efforts and 122 

coordinates across agencies to track these efforts and monitor progress. 123 

b. The Vermont Climate Council has recommended developing and issuing a Request 124 

for Proposals (RFP) that will review and analyze methodological gaps of emission 125 

inventory tools currently used by the State of Vermont to quantify greenhouse gas 126 

emissions for evaluating changes in the Agriculture, Forestry and Other Land Use 127 

(AFOLU) sector and the tools’ alignment with the Intergovernmental Panel on 128 

Climate Change (IPCC), Environmental Protection Agency (EPA), and peer state 129 

methodologies and approaches. The specific recommendations for this RFP can be 130 

found in the Carbon Budget Report memo found in Appendix XX.  131 

c. Based on the findings of the technical RFP mentioned in action step (b) of this 132 

strategy, the VCC should consider recommending that the State of Vermont GHG 133 

emissions inventory protocol established in 10 V.S.A. § 582 be amended to include 134 

an inventory of GHG emissions that align with the intent and standards of the 2019 135 

Refinement to the 2006 IPCC Guidelines for National Greenhouse Gas Inventories 136 

that will include a net GHG emission accounting for the agriculture, forestry and 137 

other land use (AFOLU) sector. 138 

 
6 Vermont Clean Water Initiative 2020 Performance Report. January 15, 2021. 
https://dec.vermont.gov/sites/dec/files/wsm/erp/docs/2021-01-15_CleanWaterPerformanceReport_SFY2020-FINA-PDF-A.pdf. 
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 139 

Preliminary Assessment of Strategy against Criteria 

Impact:  Currently, agricultural mitigation in the form of management practices that 

reduce emissions as sequestration on agricultural cropland is not counted in the 

current GHG Emissions Inventory. With over 300,000 acres of agricultural 

conservation practice implementation since 2016 that have GHG mitigation potential 

and associated Emission Reduction Coefficients – these practices are currently 

tracked but not counted for agricultural mitigation. The scale of mitigation from the 

agricultural sector has been identified by a Canadian study to be the largest single 

opportunity amongst all evaluated natural climate solutions (NCS) – the potential 

scale of impact for mitigation is large in Vermont if mitigation potentials are counted 

through the VT GHG Emission Inventory. 

Equity:  The current GHG Emissions Inventory only quantifies non-CO2 emissions 

from the agricultural sector. Absent from current emission accounting are the stocks 

and fluxes of CO2 from agricultural cropland – management impacts are also not 

provided for in the current GHG Emissions Inventory for agriculture. Ensuring that 

the State of Vermont GHG Emissions Inventory comports with the IPCC framework 

for the tracking and reporting of the AFOLU sector is essential for an equitable and 

accurate accounting of emissions and mitigation. 

Cost-effectiveness:  Over 300,000 acres of agricultural conservation practices have 

been tracked on an acre-by-acre basis through state and federal programs since 2016 

for water quality improvement metrics. Development and implementation of a 

protocol to count existing agricultural programming that has co-benefits for 

agriculture is a cost-effective approach that leverages existing programs. 

Co-Benefits:  Co-benefits for water quality are tracked through existing state and 

federal tracking mechanism which are quantified for phosphorus reduction benefits 

for water quality. 

Technical Feasibility:  Yes 

 140 

3. Implement a Payment for Ecosystem Services (PES) program for natural and working 141 

lands. Managers of natural and working lands, including farmers and foresters, provide 142 
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important environmental or ecosystem services to the public, such as clean air and water, 143 

reduced flooding, or sequestration and storage of carbon. A Payment for Ecosystem Services 144 

(PES) program provides a quantifiable and verifiable framework to credit and compensate for 145 

the benefits of stewardship that produces numerous ecosystem goods and services. PES 146 

programs vary in design and could focus on particular ecosystem services or land uses, i.e. 147 

(a) farms or (b) forests, or both, and could offer direct payments or other financial 148 

compensation, such as tax credits (c). Regardless of design, PES is an innovative and 149 

important mechanism to further climate mitigation occurring on natural and working lands. 150 

 151 

a. Develop and implement a PES program for healthy soils and soil carbon sequestration 152 

on farms.  153 

Act 83 of 2019 convened the Payment for Ecosystems Services Working Group 154 

whose purpose is to recommend financial incentives designed to encourage farmers in 155 

Vermont to implement agricultural practices that improve soil health, enhance crop 156 

resilience, increase carbon storage and stormwater storage capacity, and reduce 157 

agricultural runoff to waters. Final program recommendations from the PES Working 158 

Group are due in January 2023.7 159 

b. Develop and implement a PES program for forestland owners including water 160 

filtration/cycling, carbon sequestration, etc. 161 

c. Incentivize management for ecosystem services through a tax credit system that 162 

compensates landowners/managers for maintaining or restoring ecosystem services. 163 

 164 

Preliminary Assessment of Strategy against Criteria 

Impact:  A PES program – as conceived for Vermont – seeks to leverage Vermont’s 

natural and working lands (NWLs) to deliver ecosystem services on a performance 

basis that provides cost-effective additionality to Vermont’s existing environmental 

programming. Quantifying whole-farm and whole-parcel management and the 

entirety of bundled or stacked practices can help provide a fuller picture of ecosystem 

service benefit Vermont’s NWLs can deliver for Vermont’s climate goals. 

 
7 https://agriculture.vermont.gov/pes 
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Equity:  A core consideration for the development of a PES Program in Vermont is 

how to ensure a program is implemented equitably – should payments be based on 

annual, incremental environmental benefit, or threshold based with payments above a 

set additionality. Goals of a PES Program are to be inclusive of the multiple 

agricultural sectors in Vermont, not just the largest land users and managers. 

Cost-effectiveness:  Literature suggests that natural and working lands and the 

application of natural climate solutions (NCS) are cost-effective and immediate 

contributions to GHG mitigation efforts that can be deployed across land uses at cost-

effective rates.8 

Co-Benefits:  The PES Working Group has identified water quality, climate change 

mitigation, and watershed resilience as the three focus areas for evaluation and 

payment in a PES program around soil health. Multiple more co-benefits can be 

quantified through the enhancement of soil health. 

Technical Feasibility:  Yes 

 165 

4. Address upstream waste and downstream emissions from food waste and synthetic 166 

fossil-fuel based inputs. 167 

a. Develop program for tracking and limiting the use of chemicals, substances, or 168 

products that contribute to climate change in Vermont and leverage existing 169 

legislative activity on this topic.  170 

i. VAAFM currently tracks statewide commercial pesticide use as well as 171 

statewide fertilizer use. This data is currently used to establish trends in the 172 

use of these inputs as our agricultural systems evolve.  173 

ii. Programs to track these agricultural inputs already exist at VAAFM but have 174 

not been assessed through the lens of contributions to climate change. 175 

VAAFM or the new newly established Agricultural Innovation Board (AIB) 176 

established by Act 49 of 2021 can prioritize an assessment of the impacts and 177 

benefits our agronomic management systems have on offsetting climate 178 

change.  179 

 
8 Drever, C Ronnie et al. “Natural Climate Solutions for Canada.” Science Advances 7, 1 (June 2021). 
https://www.science.org/doi/10.1126/sciadv.abd6034. 

https://www.science.org/doi/10.1126/sciadv.abd6034
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iii. An assessment of Vermont’s different agronomic practices and management, 180 

such as, conventional, organic, no-till, and cover cropping, should be 181 

weighted for impacts on climate change based on agricultural inputs, fuel 182 

consumption, carbon sequestration and other measurable factors. 183 

b. The state should identify simple, low- and no-cost mechanisms to increase 184 

organics diversion and provide incentives and business and workforce 185 

development to private organics haulers and composters (including farms).   186 

i. Act 41 of 2021 created an Agricultural Residuals Management Program to be 187 

administered by VAAFM. The purpose of this new chapter of law is to 188 

establish a program for the management of residual wastes generated, 189 

imported to, or managed on a farm for farming in Vermont. 190 

 191 

Preliminary Assessment of Strategy against Criteria 

Impact:  Both actions may help to identify and implement further actions and 

strategies to reduce GHG emissions. 

Equity:  The AIB includes 13 members named by the General Assembly which 

represent multiple stakeholders in the process – farmer input is embedded in the 

process with required farmer surveys in every county to better help understand farm 

use of inputs. 

Cost-effectiveness:  Leveraging existing state processes to the extent possible ensures 

no duplication of efforts and that available resources are targeted for maximal impact. 

Co-Benefits:  Reduction of external inputs for farming operations can help reduce 

operating costs and increase farm profitability. Co-benefits for soil health if 

composting of food residuals and application to cropland is conducted in 

conformance with state requirements. 

Technical Feasibility:  Yes 

 192 

5. Develop and implement programs which incentivize management practices which 193 

maintain or increase forest carbon storage. Approximately 80% of Vermont’s 4.5 million 194 

acres of forestland are in private ownership. Private forestland owners in Vermont have the 195 

opportunity to take meaningful action towards mitigating the impacts of climate change and 196 
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building resiliency in our forests but are generally excluded from traditional carbon markets 197 

(and the associated revenue, which could enable these actions) due to the average parcel size 198 

and the high up-front cost associated with developing such complex projects. Models which 199 

provide for incentive payments to landowners who adopt specific Improved Forest 200 

Management practices which measurably enhance carbon sequestration could provide the 201 

economic opportunity which is currently missing.  202 

a. Create or adopt existing certification standards where management activities account 203 

for principles of Improved Forest Management towards increased carbon storage, as 204 

well as maintaining and creating resiliency (as described in existing state guidance 205 

such as Maintaining and Creating Resilient Forests in Vermont: Adapting Forests to 206 

Climate Change, VTFPR 2015, or as modeled in existing programs such as the 207 

American Forest Foundation’s Family Forest Carbon Program). 208 

b. Apply these certification standards to the procurement of forest products utilized in 209 

energy or thermal generation facilities subject to PUC oversight (parallel to the 210 

existing review for state mapped deer winter yard, etc.) through potential revisions to 211 

the renewable energy standard. 212 

c. Explore additional market opportunities for certified products, expanding the 213 

potential revenue base to support Improvement Forest Management (parallel FSC, 214 

SFI, etc.) 215 

 216 

Preliminary Assessment of Strategy against Criteria 

Impact: 80% of Vermont’s forests are in private ownership. Vermont's forests store 

over 1.7 billion metric tons (Mt) of CO2 equivalent (CO2e) and sequester (take in) 

more than 5 million Mt CO2e each year    

Equity: Expands opportunity to smaller ‘Vermont Scale’ forest landowners who 

would otherwise be excluded from traditional carbon markets; removes significant 

upfront capital requirements which would otherwise be a barrier  

Cost-effectiveness:  Potentially allows smaller forestland owners to access climate 

finance (private capital) from existing markets; leverages market-based incentives for 

adoption of practices 

Co-Benefits: Sustaining all fundamental ecological functions of intact forests 
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Technical Feasibility:  Yes 

 217 

6. Leverage market-based solutions, such as existing or new regional carbon market 218 

opportunities, to incentivize forest management practices which sequester and store 219 

greater amounts of carbon in our forests. Carbon markets provide a largely untapped 220 

opportunity for forestland owners in Vermont. The generation of carbon offset credits can 221 

provide a significant revenue stream to forestland owners, increasing capacity for improved 222 

management, and the ability to hold and maintain intact forestland. Financially viable 223 

projects generally require large (5,000+ acre) ownerships, therefore aggregation for parcels 224 

(generally 200+ acres in size) is critical for viability, Aggregation is currently allowed for 225 

under existing Voluntary Market standards. These opportunities build on existing incentives 226 

and/or provide synergy from multiple stewardship mechanisms. Recent spatial analysis by 227 

the Vermont Land Trust and UVM Carbon Dynamics Lab has identified close to 330,000 228 

acres in privately held forest parcels > 500 acres in size which could be eligible for such 229 

aggregation opportunities. In terms of conservation priority, these parcels present the greatest 230 

opportunity for aggregated carbon projects to contribute to the sustainability and ecological 231 

functionality of Vermont’s working landscape through the maintenance of these forests and 232 

the Improved Forest Management practices employed. 233 

a. Work to develop a new Vermont based or regional (modeled on RGGI) Carbon 234 

Credit marketplace with necessary research and standards which address concerns 235 

around the efficacy of baseline establishment, accounting for additionality, the 236 

potential for leakage, and address equity for the diversity of wood lot owners across 237 

the state  238 

b. Incentivize the in-state purchase of carbon credits developed by Vermont-based or 239 

regional carbon projects through a system which addresses concerns of accounting 240 

(i.e., additionality and leakage)  241 

 242 

Preliminary Assessment of Strategy against Criteria 

Impact: 80% of Vermont’s forests are in private ownership. Vermont's forests store 

over 1.7 billion metric tons (Mt) of CO2 equivalent (CO2e) and sequester (take in) 

more than 5 million Mt CO2e each year    
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Equity: Such models could still exclude smaller forest holdings (<200 acres, which 

could potentially access practice-based payments as described in preceding strategy) 

but would provide an opportunity for mid-sized forestland owners currently excluded 

from existing markets.  

Cost-effectiveness: Potentially allows smaller forestland owners to access climate 

finance (private capital) from existing markets; leverages market-based incentives for 

adoption of practices 

Co-Benefits: Sustaining all fundamental ecological functions of intact forests 

Technical Feasibility:  Yes 

 243 

7. Increase tree coverage. Trees remove carbon dioxide from the atmosphere through the 244 

process of photosynthesis and capture that carbon in the form of wood or other organic 245 

matter. Trees remain the most efficient and cost-effective form of carbon capture technology 246 

at scale presently available.  247 

a. Expand tree and other planting efforts on private land to promote restoration efforts to 248 

reforest riparian areas, wetland buffers, and degraded lands.  249 

b. Expand funding and support to the Vermont Community Canopy Program. 250 

c. Provide incentives for restoration and expansion of floodplain forests. 251 

d. Explore the potential to amend Tier III of the Renewable Energy Standards (RES) to 252 

make increased tree planting eligible for funding.   253 

e. Increase support, funding, and education for increased urban tree planting efforts 254 

expansion to increase access to natural spaces and improve carbon 255 

sequestration/storage in the urban environment. 256 

 257 

Preliminary Assessment of Strategy against Criteria 

Impact: Impact is scaled to the degree of increased tree cover; a typical hardwood 

tree can absorb as much as 48 pounds of carbon dioxide per year, sequestering 

approximately 1 ton of carbon dioxide by the time it reaches 40 years old 

Equity: The financial capacity to support planting efforts presents a potential barrier. 

Afforestation efforts will need to account for land use changes which impact existing 

use.   
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Cost-effectiveness: High  

Co-Benefits: Mitigation of heat island effects in urban areas; associated impacts to 

water quality and landscape scale restoration; wildlife habitat enhancement; 

aesthetics 

Technical Feasibility:  Yes 

 258 

PATHWAY - Energy & Materials: Support and empower Vermont’s 259 

farmers, foresters, and land workers to capacitate renewable energy and 260 

building product transitions 261 

 262 

Vermont’s farmers, foresters, and land workers can be key actors in harnessing appropriate 263 

renewable energy on farms and working lands while protecting those lands, soils, and resources 264 

for the valuable multiple benefits they provide from food to biodiversity to clean water.  In 265 

addition, farmers, foresters, and workers can bring materials from wood to straw to building 266 

markets which can reduce the use of high carbon footprint materials like steel and concrete.  267 

Overall, the state must track the sustainability of the climate transition to be aware of and 268 

mitigate the potential adverse consequences of renewable energy and materials to people and 269 

natural resources. 270 

 271 

STRATEGIES AND ACTIONS 272 

 273 

8. Educate, track, and appropriately reward on-farm renewable energy:  Farms can be the 274 

source of renewable electricity like solar.  However, farmers need information about how 275 

best to undertake analysis for their farm’s potential, what incentives are available for 276 

installation, and how to protect valuable farmland, soils, and forests while contributing to 277 

renewable energy production. 278 

a. Reward and support renewables on farms on rooftops, barns, storage facilities, and 279 

minimizes or avoids loss of working and natural lands to renewables development. 280 

b. Increase outreach and incentives to on-farm solar installation on existing built 281 

infrastructure. 282 
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 283 

Preliminary Assessment of Strategy against Criteria 

 

Impact:  Can increase distributed, renewable energy sourcing across the state on 

farms while protecting working lands for other climate purposes. 

Equity:  Provides for equity among farm sizes to both produce electricity and 

receive payments for doing so. Directing renewables onto the built part of farms 

would ensure lands, waters, and soils remain for climate storage, adaptation and 

resilience. 

Cost-effectiveness:  Through utilizing such federal grant programs as Rural Energy 

for American Program (REAP), could lower costs for farmers and makes time to 

payback to farmers and Vermont achievable. 

Co-Benefits:  Preserves working lands for other climate benefits; provides 

additional income stream/cost savings for farmers and foresters that improves their 

viability and provides more resources for additional climate related practice 

implementation in land management.  

Technical Feasibility:  Yes 

 284 

9. Promote and incentivize use of local wood and agricultural products to reduce 285 

embodied carbon footprint.  Vermont can be an important source of its own and other 286 

adjoining states’ building materials that can reduce the carbon footprint of construction.  287 

Steel and concrete require extensive carbon to produce and create emissions in their 288 

production.  Materials can include wood, straw, and other materials.  See such New England 289 

initiatives as Tallhouse at https://generatetechnologies.com/work-tallhouse and relatively 290 

recent changes to the Massachusetts’ state building code (780 CMR 9th edition), which 291 

allows mass timber buildings, including cross-laminated timber. 292 

a. Promote and incentivize use of agricultural and sustainably harvested wood -based 293 

construction materials (subject to existing certification criteria or procurement 294 

standards to be developed) over imported wood and/or non-wood materials with high 295 

carbon footprints (such as steel, concrete, etc.) Continue to research life-cycle 296 

accounting of these products for greatest impact. 297 

https://generatetechnologies.com/work-tallhouse
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b. Through state procurement standards, require that publicly funded building projects 298 

use chain of custody certified wood products (MASS timber, cellulose insulation, 299 

etc.) that have been harvested under sustainable procurement standards over materials 300 

with a higher carbon footprint (such as steel, concrete, etc.).  Prioritize locally 301 

sourced wood products when possible. 302 

c. Develop a regional certification standard for forestry to validate carbon storage values 303 

for forest building products (methodologies supporting supply chain validation for 304 

carbon storage are frequently using FSC as a proxy; regional-scale certification 305 

standards focused on net carbon benefit are needed for product transparency) 306 

d. Develop alternative markets for non-timber wood, focusing on cellulose insulation, 307 

bioplastic composites, or biofuels 308 

 309 

Preliminary Assessment of Strategy against Criteria 

 

Impact:  Can reduce carbon-intensive building materials in Vermont while increasing 

local economies providing local materials for local building and construction as well 

as other products such as bioplastics.  

Equity:  Provides additional markets for local farmers and foresters.  Would need to 

be designed well to allow small lot owners to participate.  However, if not 

implemented appropriately, could do harm to natural lands, wildlife, and foraging in 

forests. 

Cost-effectiveness:  Would require additional manufacturing and industry not 

currently in place to bring such products to scale.  Such an effort would seek to 

harness market forces and draw on private dollars.  Though, certification programs 

will require costs to create and maintain.  

Co-Benefits:  Provides additional income to farmers, foresters, and forestry-related 

businesses to increase their viability while increasing a more locally-driven 

construction and other products’ supply chain.  

Technical Feasibility:  Yes 

 310 
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10. Transition fuel sources for the forestry and maple sector. To also reduce GHG emissions 311 

from the forestry and maple sectors, incentives and support can be provided to move to lower 312 

carbon fuels for such activities evaporators and vacuum pumps for maple production and 313 

biofuels for forest equipment. 314 

a. Provide funding to incentivize sugar makers to switch evaporators from fossil fuels to 315 

wood pellets and incentivize elimination of diesel generators for sap vacuum pumps. 316 

b. Incentivize alternative fuels such as biofuels or offsets for logging equipment. 317 

 318 

Preliminary Assessment of Strategy against Criteria 

 

Impact:  Reduce carbon footprint of local sugar maple industry and logging 

Equity:  Provides incentives for often small-scale producers and businesses to 

convert to lower carbon alternatives so they too can have support and be part of the 

overall transition. Biofuels would need to be assessed for sustainability, further 

degradation of the land base for biofuels is counter to our goals.  

Cost-effectiveness:  Requires up front technical support and incentives for change 

with longer-term benefits of reduced GHG emissions from Vermont enterprises. 

Co-Benefits:  Provides potential cost-savings and payback to producers over time. 

Technical Feasibility:  Yes 

 319 

11. Sustainably source renewable energy products and materials.  While Vermont will 320 

benefit from renewable energy sources and materials produced in Vermont and elsewhere, 321 

these sources and materials may also have adverse impacts to air and water quality (e.g., the 322 

mining of rare earth metals for batteries), natural lands (the fragmentation of habitat due to 323 

wind or solar projects), Indigenous peoples (the harm to sacred sites, traditional hunting and 324 

foraging lands from large-scale hydro), and environmental justice populations.  Vermont 325 

should develop and deploy ways to ensure our efforts to address climate do not pose undue 326 

and unintended consequences to nature or people. 327 

a. Fund competitive research to track and innovate on the sustainability and ethical 328 

implications of renewable energy materials and products being consumed to meet the 329 

CAP including solar, wind, biomass, energy storage, and recycling of materials. 330 
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 331 

Preliminary Assessment of Strategy against Criteria 

 

Impact:  Over time ensuring that climate choices supported by the State do not create 

adverse consequences. 

Equity:  Can provide an important screen for choices that may affect traditionally 

marginalized populations. 

Cost-effectiveness:  Requires cost upfront without direct benefit initially but over 

time can inform and shape transition choices in a more responsible and equitable 

way. 

Co-Benefits:  Reduction in harm to air, water, soils, wildlife, and people. 

Technical Feasibility:  Yes 

 332 

12. Address the use of biomass for appropriately scaled institutional and residential 333 

thermal heat generation for climate mitigation, co-benefits, and impacts while 334 

preventing the expansion of biomass for industrial-scale commercial electricity 335 

production. [NOTE:  the Ag and Eco subcommittee has not had time to engage with Cross-336 

Sector mitigation on this important but complex topic – on either the substance or whether 337 

oversight of certain topics fall within CSM or Ag and Eco’s purview - nor sufficient time to 338 

research, understand and offer more specific actions on this topic.  Please note that Ag and 339 

Ecosystem Subcommittee does not have consensus agreement on all recommended actions 340 

that follow – some individual actions are opposed by some individual subcommittee 341 

members.] 342 

Definition:  As used in this section, “biomass” means material from trees, woody plants, or 343 

grasses, including limbs, tops, needles, leaves, and other woody parts, grown in a forest, 344 

woodland, farm, rangeland, or wildland-urban environment that is the product of forest 345 

management, land clearing, ecosystem restoration, or hazardous fuel reduction treatment 346 

(from Biomass Energy Developing Working Group, Final Report, Vermont Legislative 347 

Council, January 2012) 348 
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a. Prohibit the expansion of current, and/or construction of any new, large-scale, industrial 349 

electric generation biomass facilities in the State of Vermont. Existing facilities shall: 350 

a. Set GHG emissions reduction targets, to be incorporated into operations 351 

license(s). 352 

b. Remediate negative impacts to surrounding communities, 353 

cultural/historical/archeological sites and/or resources, and to the State of the 354 

Vermont’s residents, air quality, and natural resources. 355 

c. Source material from within the state of Vermont, ensuring appropriate oversight 356 

of harvest activities for all wood products procured for use. 357 

d.  If such facilities operations cannot be sufficiently improved to address the above, 358 

then the facilities be closed should and job transition assistance provided to 359 

employees.  360 

e. Expansion is defined as an increase in the physical footprint, emissions, or any 361 

increased impact on adjacent communities and natural and cultural resources.  362 

Improvements without expansion may include changes that result in increased 363 

efficiency with no increase in footprint, reductions in GHG emissions, other air 364 

pollutants or impacts to the community.  365 

b. Utilize existing research (such as Buchholz, T., Gunn, J.S. and Saah, D.S., 2017. 366 

Greenhouse gas emissions of local wood pellet heat from northeastern US forests. 367 

Energy, 141, pp.483-491) to inform if and under what conditions biomass in institutional 368 

or residential applications for thermal or combined heat/power applications could provide 369 

for a transition away from fossil fuel use, reduce GHG emissions, and have not net 370 

impact on Vermont’s forests for storage and sequestration.  371 

c. The following GHG impacts should be accounted for when developing policy and/or 372 

associated regulations for biomass: 373 

a. all greenhouse gas emissions associated with producing the fuel (including 374 

extraction or harvesting, manufacturing, or processing, transportation) 375 

b. greenhouse gases emitted by the fuel when used 376 

c. efficiency of the heat generation system being used 377 

d. carbon stocks in the forest 378 
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d. The following considerations should be accounted for if permitting any new pellet 379 

producing facility(s) in the state: 380 

a.  Pellet production must be from combined sawmill residue (i.e., sawdust) or other 381 

byproducts of forest product manufacturing (i.e., cants, bark, etc.) and biomass—382 

generally produced as a byproduct of harvesting associated forest products. 383 

Sourcing criteria should be established restricting biomass to a maximum 384 

percentage that is effectively monitored and enforced [see Buchholz, Gunn, Saah 385 

in Energy, December 2017]. 386 

b. Monitoring and enforcement must ensure that harvest levels are maintained, with 387 

no net increase resulting in an increased demand for pellet fiber (increased 388 

demand in pellet fiber is offset by reductions in other markets); shifting existing 389 

harvest of pulpwood volume to pellets. Procurement standards ensuring 390 

sustainable forest management which protect ecosystem integrity should be 391 

developed, applied, and monitored 392 

e. Regulate, including preventing, if necessary, flow of wood pellets or similar commercial 393 

scale wood-derived energy products based on research in “b” above to ensure sustainable 394 

harvesting of “net GHG-reducing” pellets (i.e., composition, source wood, etc.).  395 

f. In addition, develop a program of education and outreach, as well as technical assistance, 396 

to encourage appropriate methods and practices when using wood heat, while also 397 

ensuring oversight and regulation of those appropriate methods and practices.  398 

 399 

Preliminary Assessment of Strategy against Criteria 

Impact:  Through research and appropriate oversight and management, seeks to 

ensure that biomass for thermal heat is sustainable and reduces GHG emissions. 

Equity:  Prevents expansion of industrial-scale biomass for electricity’s adverse and 

inequitable impacts to people and land and provides clear guidelines for biomass for 

thermal heat in Vermont.  Strategies utilizing biomass for energy will also be 

inequitable to the land and other natural resources unless it is implemented in a 

specific, regulated, and enforced manner regarding both emissions and source wood 

impacts. 
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Cost-effectiveness:  Through conducting research and improving regulation and 

oversight, as this strategy intends, if implemented appropriately, can ensure biomass 

for thermal heat in Vermont is utilized in a healthy and viable way.  The intent is to 

utilize biomass without unintended and adverse consequences, including costs to 

people, air, land, and climate.  

Co-Benefits:  Carefully managed biomass may help sustain natural lands for a host of 

storage, sequestration, and resilience purposes, provide a means of affordable heat to 

Vermonters, and provide income to Vermont’s forestry sector. 

Technical Feasibility:  Yes 

 400 

 401 


