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NbS could provide ~30% 
of needed climate 
mitigation, but investments 
in infrastructure and more 
science is necessary.



What is a nature-based solution?

• Actions to protect, restore, or sustainably manage 
ecosystems to address societal challenges (climate change, 
disaster risk, biodiversity loss).

• NbS exist on a spectrum:
• green (land/vegetation),
• blue (water/ocean), 
• and grey (engineered) approaches.
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Green Approaches
USA Germany

Reforestation

Afforestation
(Brandenburg
)

Prairie 
Restoration

Urban Tree 
Planting

Green roofs
(NYC, Berlin)



Blue Approaches
USA Germany

Oyster reef restoration

Salt marsh restoration

Peatland (moorland) 
rewetting



Grey Approaches
USA Germany

Beneficial use of dredged 
sediment

Beach sand nourishment

Seawalls and levees

Setting back dikes
(Rhine River)



Approach Comparison
USA Germany

Species + 
Protection

CO2

Larger scale projects, 
often tied to disaster 
resilience and 
federal/state 
programs.

Army Corps strong in 
hybrid NbS + grey 
solutions.

Market mechanisms 
(carbon credits, 
voluntary offsets) play 
bigger role.

Strong policy 
integration via EU 
Green Deal & national 
climate law.

Focus on peatland 
rewetting and forest 
management.

Higher public 
acceptance of 
green/blue NbS but 
challenges with 
agricultural lobby.



Climate Mitigation 
Potential

NbS is not a substitute 
for decarbonization.

Additional 
sequestration (CDR) 

pathways are needed.

Social & Political 
Limits

Land ownership 
conflicts in U.S. and 

Germany.

Farmers’ opposition to 
peatland rewetting in 

Germany; private land 
barriers in U.S.

Trade-offs & 
Conflicts

Land competition: 
afforestation vs. 

agriculture.

Biodiversity vs. 
monoculture 
carbon sinks.

Permanence & Risk

Wildfire, drought, or 
sea-level rise can 

reverse carbon 
storage.

Equity & Access

Green gentrification 
and greenwashing

Who benefits 
v. bears costs?NbS 

Limits

But how do we quantify 
impacts and evaluate success?



The Seven Mile Island Innovation 
Laboratory

- 62 sq. kilometers of tidal marshes, 
coastal lagoons, shallow bays, sounds, 
and tidal inlets

- Test bed to advance and improve 
dredging and marsh restoration 
techniques

- Bisected by the Atlantic Intracoastal 
Waterway which the US Army Corps of 
Engineers maintains for safe maritime 
navigation
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Murray et al. (2011)



Xin et al., 2022



+ Tidal Advection + horizontal movement 
and stratification + bottom-driven 
turbulence + ebullition + etc…



Daily and monthly climatological 
mean metabolic rates of a) gross 
primary production (GPP) and 
ecosystem respiration (ER) 
and c) net ecosystem metabolism 
(NEM), and by month of year 
for b) GPP and ER and d) NEM. 

Mean NEM
 -29.4 mmol O2 m

− 2 d− 1

SIN
K

SO
URCE



My future research ideas…
Minimize 
variables

Directly measure gas 
exchange
with an eddy covariance 
system



My future research ideas…
Minimize 
variables

Monitor multiple processes in tandem

Measure and model carbon 
export

Directly measure gas 
exchange
with an eddy covariance 
system



•NbS are essential but not a silver bullet. 
They need to complement, not replace, 
emissions reductions.

•Effective NbS for carbon management must 
be quantitatively verified.

•Ecosystem metabolism is one useful metric 
in evaluating verifying the carbon impact in 
marine NbS success, but we need more.



https://www2.oceanvisions.org/roadmaps/remove/mcdr/ 

https://www2.oceanvisions.org/roadmaps/remove/mcdr/
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