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Good afternoon. I appreciate the opportunity to speak with you all. In this talk, I’ll be providing an overview on natural climate solutions, what we know about natural climate solutions in the Pacific Northwest, what gaps still remain in our understanding. Over the last 6 years, I have been working with The Nature Conservancy in Oregon to understand how nature can play a role in mitigating climate change. I come to this work as a landscape ecologist trained in the science of ecosystem services, biodiversity, and conservation in social-ecological systems. I also come to this work as a mother to a young child, acutely aware that for her and her peers to have a livable world, we need all hands and tools on board to mitigate climate change. 



Natural Climate 
Solutions are actions 
to protect, better 
manage, or restore 
ecosystems to reduce 
greenhouse gas 
emissions and store 
carbon. 

Ellis et al. (2024) The Principles of NCS. Nature Communications.
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Perhaps then, it’s no surprise that I am now focused on natural climate solutions – actions which lead to reductions in greenhouse gas emissions and increased carbon storage through protection, better management, or restoration of ecosystems. The Natural Climate Solutions concept builds upon a long history of conservation science and practice but focuses the framework on measurable climate change mitigation.



Natural Climate 
Solutions can provide 
globally significant 
climate mitigation 
through avoiding 
emissions or 
increasing carbon 
sequestration.

based on Griscom et al. (2017) Natural Climate Solutions. PNAS.
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Global science shows that natural climate solutions can provide globally significant climate mitigation, helping us avoid the worst effects of climate change while supporting communities, thriving ecosystems, and biodiversity. Indeed, science also shows us that avoiding climate catastrophe requires immediate NCS action, implemented in an equitable and sustainable manner. 



Natural Climate 
Solutions can provide 
globally significant 
climate mitigation 
through avoiding 
emissions or 
increasing carbon 
sequestration.
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Nature can’t do it alone – it is only one part of the carbon cycle, working as a ‘drain’ to empty to carbon dioxide from the atmosphere (shown here as a ‘bathtub’ model). Mitigating climate change will require turning off the human-made CO2 emissions tap by cutting fossil-fuel use and accelerating renewable energy in parallel with increasing the capacity of natural land and ocean carbon sinks. 



Slide credit: Erica Sloniker
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And, of course, climate mitigation is only one of the many ecosystem services provided by ecosystems and biodiversity, which also benefit from the conservation, restoration, and better management of ecosystems. 



Natural Climate Solution 
implementation scenarios 
included avoided 
conversion, improved 
land management, and
restoration activities. 

Three scenarios 
represented Low, 
Moderate, and Ambitious 
changes relative to 
current baseline.

REDUCE FOREST & 
GRASSLAND CONVERSION
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INCREASE RESTORATION & 

REDUCE CONVERSION
 

INCREASE FOREST 
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EMISSIONS

INCREASE COVER CROP      
 & NO-TILL ACRES

INCREASE RIPARIAN FOREST 
REPLANTING

INCREASE POST-FIRE 
REPLANTING ON FEDERAL 

FORESTS

INCREASE TIDAL
 WETLAND RESTORATION
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In the PNW, scientists with The Nature Conservancy have also explored the potential for NCS to contribute to GHG reductions in Oregon and Washington. These studies used scenarios of Natural Climate Solution implementation. Each scenario adjusted land use/ land management by a percent relative to the current average annual rate and simulated GHG reductions over the period 2020 - 2050. 



Nature can make a meaningful contribution to greenhouse gas mitigation goals in PNW. 

Graves, et al. (2020) Potential greenhouse gas reductions from Natural Climate Solutions in Oregon, USA. PLoS ONE
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In 2020, we published a study in collaboration with Portland State University that compared the climate mitigation benefit from scenarios of increased conservation, restoration, and changed management of natural and working lands across Oregon. While our estimates for the magnitude of climate mitigation provided by some of the activities modeled in this paper has evolved, nature-based climate solutions can make a meaningful contribution to reducing greenhouse gases in Oregon. 



5.84 MMT 1.27 MMT 0.13 MMT

1.52 MMT 0.14 MMT 0.12 MMT

0.01 MMT 0.30 MMT

Forest management, 
protection, and restoration 
(including restoration of 
riparian forest cover) have the 
highest potential climate 
mitigation benefits.

Tidal wetland conservation 
and restoration have high per 
unit area climate mitigation 
benefits.  

Agriculture and rangeland 
management practices could 
provide climate mitigation 
benefits. 

AVOIDED CONVERSION

Robertson, et al. (2021) Leveraging the potential of nature to meet net zero GHG emission in WA. PeerJ.
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In Washington, ambitious implementation of NCS could contribute GHG reductions of up to 8.8 million metric tones CO2eyr-1 by mid-century. In both Oregon and Washington, forest management, protection, and restoration, including the restoration of riparian forest cover, provide the highest climate mitigation benefits. However, as the mapping in this study shows, activities with lower cumulative potential for climate mitigation may have high per unit area climate mitigation benefits (like tidal wetland conservation and restoration) and climate mitigation benefits from NCS action distributed across ecosystems could increase the equitable distribution of co-benefits to people, communities, and economies across the state.These state-level analyses provided good high-level approximations, and as the science of NCS progresses, we are better able to account for and project climate mitigation benefits from NCS. So, what do we need to know to assess climate mitigation benefits from our conservation, restoration, and ecosystem management actions? 



Some terms to know

Carbon Sequestration
The process of 

capturing & storing 
carbon dioxide (CO2) 

in a carbon pool

Greenhouse Gas Flux
The amount of GHG 
exchanged between 
different pools at a 

point in time (CO2e)

Carbon Stocks
The absolute amount 
of carbon stored in a 

carbon pool at a 
specific point in time 
and in a specific area

Net Sequestration
The net balance of 

GHG fluxes at a given 
time (CO2e)

Four important dimensions to Natural Climate Solutions

• Quantifying (and conserving) existing carbon stocks

• Measuring (and enhancing) natural carbon sequestration

• Measuring (and reducing) GHG emissions like methane

• Determining how carbon moves among ecosystems (lateral flux)
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Carbon goes in both directions in the ocean. When carbon dioxide releases into the atmosphere from the ocean, it creates what is called a positive atmospheric flux. A negative flux refers to the ocean absorbing carbon dioxide. Think of these fluxes as an inhale and an exhale, where the net effect of these opposing directions determines the overall effect.
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Uncertainty varies among NCS pathways
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Buma et al. 2024. Expert review of the science underlying nature-based climate solutions. Nature. 

Lower Climate Impact --------------- Higher Climate Impact
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This graph, recently published by Buma and colleagues, shows rankings of different NCS activities along axes of uncertainty and climate impact. The colors indicate whether carbon market protocols and markets exist for those activities. To orient you, since I know it’s not possible to read in this reproduction, I’ve made broad circles showing the forest-based actions, wetland (tidal and freshwater), and agricultural pathways most relevant to the PNW. What we see is that many natural climate solution actions have strong scientific foundations and can deliver meaningful climate benefits. However, SOME NCS actions remain uncertain in terms of the effectiveness for climate mitigation. In those cases, there is a need to fill the science gaps to resolve those uncertainties before broadly scaling implementation of those actions to mitigation climate change. Instead, those actions may be more appropriately supported for their co-benefits, such as biodiversity and food security. 



What do we know?

 Natural Climate Solutions provide critical climate mitigation 
when coupled with reduction of fossil fuel emissions.

 For some activities, the magnitude of climate mitigation is 
still uncertain.

 NCS science is evolving to better understand how these 
benefits vary by location and over time.
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So, what do we know? 



Climate mitigation: Blue Carbon Ecosystems

● Most of the carbon is in the soils.

● Blue carbon ecosystems along the 
Pacific Coast play an important role in 
climate regulation.

● Blue carbon ecosystems can have 
relatively complex and fluctuating 
GHG exchanges and, depending on 
their location and management, can 
be either GHG sinks or sources. 
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Janousek et al. in prep; Kauffman et al. 2020

Upcoming: Blue 
Carbon Calculator 

from PNW Blue 
Carbon Experts

Slide credit: C. Janousek
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In the PNW, the Blue Carbon Working Group has led tremendous, long-term, and ongoing work to understand the potential climate mitigation benefits provided by conservation, management, and restoration of coastal ecosystems. That work has illustrated that, in most of these systems, the majority of the stored carbon (carbon stocks) is in the soils. In some of these systems, carbon stocks rival/exceed carbon stocks in PNW forests – clearly making the case for limiting the loss of these systems which would lead to loss of (emission of) the carbon stored within. �Other work from the Blue Carbon Working Group has highlighted that blue carbon ecosystems can have relatively complex and fluctuating GHG exchanges. These complex fluxes complicate our understanding of how restoration and management of these systems contributes to climate mitigation goals. However, keep your eyes open for updates as PNW Blue Carbon experts, led by Craig Corneau, have been working to integrate their best available science into a blue carbon calculator which will facilitate the estimation of climate impacts from work in blue carbon ecosystems. 



Climate mitigation: Restoration of riparian forest cover

 Potentially large impact

Ecological Benefits

Adaptation & Resilience

Climate mitigation

Economic Benefits
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Restoration of riparian forest cover, through planting or perhaps even through natural initiation, can have high carbon sequestration – global studies and studies from other regions suggest that these forests can grow quickly and that planting can accelerate biomass growth. We can be fairly confident that restoration of riparian forest cover would lead to climate mitigation benefits. However, in the PNW, the growth of these forests is less well studied than their upland counterparts and so we are less certain in our estimates of the magnitude of those climate benefits. 



Trees and vegetation 
fix atmospheric carbon 
through photosynthesis

Disturbance of 
wetland soils 
and/or 
hydrology 
releases carbon

Anaerobic 
conditions suppress 
some decomposition 
but create methane

Albedo?

Sequestration 
into soil

Climate mitigation: Restoration of riparian forest cover

Data from on-the-ground riparian forest cover restoration projects 
(~50 sites)

Evaluate aboveground and soil carbon stocks at multiple times since 
planting

Support the development climate mitigation targets and metrics 
associated with riparian forest cover restoration projects

Gaps remain regarding GHG emissions (methane) and how carbon 
moves from riparian systems to other pools (lateral fluxes) 
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To address this science gap, The Nature Conservancy has partnered with University of Oregon, OWEB, and Clean Water Services to evaluate aboveground and soil carbon stocks at sites where riparian forest plantings occurred. These data, collected at sites from 5 to ~30 years old, will help us better estimate carbon sequestration in riparian plantings. From other studies, we know that time since planting, flood frequency/hydrology, and soil type influence carbon sequestration in restored riparian forests. We can pair that with recent work to map the albedo impact of reforestation to develop better climate mitigation estimates for these kinds of projects. Gaps still remain to further our understanding of how site conditions (hydrology, management) influence GHG emissions from these restored riparian forests and how carbon moves from these systems into other pools. 
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Recommended Practices

• Forest Carbon Management

• Conservation of riparian forest ecosystems

• Restoration of riparian forest ecosystems*

• Freshwater wetland conservation

• Tidal wetland conservation

• Tidal wetland restoration*

• Seagrass conservation

Emerging Practices

• Seagrass restoration

• Kelp & seaweed protection and restoration

• Enhancing tidal wetland resilience to sea level rise*

NCS Practices for Climate Mitigation

time, salinity, inundation/flooding frequency are important variables that likely impact the magnitude of climate benefit!

Presenter Notes
Presentation Notes
Multiple studies; carbon sequestration and/or GHG reductions estimated using well documented and accepted methods; studies include regionally specific data. Studies are mostly consistent; inconsistencies may be explained.Fewer studies; studies are not regionally specific. Some inconsistencies; inconsistency reflecting real uncertainty around climate mitigation outcomes from practice 



            Rose Graves, PhD
            Natural Climate Solutions Scientist
            rose.graves@tnc.org
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