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Progress Report Abstract

This interdisciplinary project includes physical, biological, economic, and social science aspects as well
as field and lab work and ecosystem and climate modeling and education and public outreach
components. It integrates environmental justice considerations, policy, and governance approaches to
develop a framework and guidelines for incorporating coastal wetland restoration and conservation into
adaptation and development plans, facilitating the inclusion of coastal wetland restoration in carbon
credit markets while considering multiple co-benefits.

We have established clear and effective communication strategies including an in-person kickoff
meeting, quarterly work-package workshops, and monthly group meetings. We developed a project
website and a students’ discussion channel. Specific progress includes: (1) developing a list of desired
parameters (air, water and soil) to be collected at the field sites and methods to do that; (2) collection
physical and biological data and assessment of microbiome identity and activity; (3) creating a database
of regional wetland restoration projects, analysis of this data, selection of case studies, and construction
of a social network; (4) literature review to better understand how restoration projects work in practice
and development of a toy model that controls flood risk; (5) modeling the effectiveness of different
extents of wetlands for flood mitigation and looking at historical and proposed policy mechanisms
around payments for ecosystem services; (6) conducted a geospatial analysis of wetlands distribution
and social vulnerability across the state of California (7) summarizing the key model parameters most
relevant to coastal wetland models; and (8) identifying websites with available authentic data to be used
in our climate and data literacy course.

The main challenge we encountered is the inability to recruit graduate students dedicated to this project
in the middle of the academic year and the exuberant process to recruit and hire the postdocs for the
project. These challenges will be resolved with the start of the new academic year. In the next year we
will continue the research towards achieving our ultimate goal to offer nature-based adaptation
opportunities and enhance community resilience and environmental justice is key to safeguard
livelihoods in the face of climate change.

Narrative Report of Progress

The objective of this project is to construct a set of recommendations that will enable wetland
restoration projects to consider C sequestration and ecosystem services in their design/management.
This is achieved by collaborative work done through four integrated work-packages (WP). (1) Carbon
Dynamics in Wetland; (2) Carbon Economics and Ecosystem Services; (3) Policy, Governance and
Justice; (4) Ecosystem and Climate Modeling; and (5) Education, Outreach and Climate Literacy. Below
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we list report the progress made by each team and provide an outline of the team’s next year’s research
plans.

Carbon Dynamics in Wetland - The goal of this WP is to collect data on C dynamics in wetlands. The data
includes measurements of CO2 and CH4 emissions and a suite of meteorological data, collected by
eddy covariance towers, soil and water chemistry and microbiology. The important environmental
parameters linked to high net C burial will be identified and the data will inform process-based
ecosystem models that will help determine favorable restoration conditions. We collected and
processed greenhouse gas flux data in wetlands at the Delta, Eden Landing and Elkhorn Slough. Ancillary
water and soil data are also continuously recorded. At the Delta we conducted a 24-hour water sampling
campaign at Dutch Slough and conducted microclimate studies to examine the degree that adjacent
wetlands are providing a cooling effect. At Edan Landing, we installed multi parameter water sensors as
well as ADCPs to test best ways to quantify lateral C loss in tidal wetlands and found that about 45% of
the C in the system is transported laterally. At Elkhorn Slough a soil and water sampling campaign at 3
wetland sites during the dry seasons was conducted. We collected 36 soil cores, extracted porewater
and collected samples for dissolved gases in the soil. The >500 discrete water/soil samples are being
analyzed for a multitude of variables. We have also installed a water sensor to measure water quality
and dissolved inorganic C. The microbiology team (LLNL-LANL) has focused on establishing a baseline
assessment of microbiome identity and activity at Elkhorn Slough and will use this as a model for the
other sites. We are quantitatively comparing the identity of metabolically active vs. inactive microbes
between a pristine and restored site. Cores from vegetated areas were collected and processed for
deoxyribonucleic acid quantitative stable isotope probing by addition of H218O, which is assimilated
solely into cells that are synthesizing DNA and thus metabolically active and growing.

Carbon Economics and Ecosystem Services - The economics team (UCSB, UCB, UCSC) is working on an
economic model of wetlands restoration. We want to answer the broad questions: How, when, and
where should investment in restoration be done to optimally mitigate flooding risks that are increasing
under climate change? What additional ecosystem services can be generated by restoration projects
designed to address flooding risk? During the first year of the project, the UCSB team has focused on
conducting a literature review to better understand how restoration projects work in practice, with the
goal of informing a model of restoration. We have also developed a toy model of a project that controls
flood risk by choosing the optimal width of a vegetation band. The team has also devoted time to learn
more about optimization algorithms in R that will ultimately be used for the analysis. In addition, the
team has been looking at historical and proposed policy mechanisms around payments for ecosystem
services. Data collection and analysis are underway for a forthcoming journal article that analyzes the
literature on coastal wetland ecosystem service valuations as a case. The draft article places the
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broader literature on ecosystem service valuations in conversation with questions of historical and
environmental justice. Much of the conceptualization and analysis are complete, and we anticipate a
finished draft by the end of the winter quarter 2023.

Policy, Governance and Justice - The Governance and Policy team (UCD, UCSC) developed a research
design to examine governance and policy in California Bay Delta wetland restoration with a mixed
methods approach using case studies, stakeholder interviews, a regional survey, and social network
analysis. A database of regional wetland restoration projects was created from EcoAtlas. An interview
tool was developed to collect original data to answer questions of procedural equity in the creation and
implementation of wetland restoration projects. These interviews are currently undergoing internal
review board evaluation. At UCI the group conducted a geospatial analysis of wetlands distribution and
social vulnerability across the state of California. This distributive justice-focused investigation found
that while wetlands areas have lower cumulative environmental impacts and social vulnerability, there
are exceptions – including sites of industrial activities or recently de-industrialization – that do not follow
this pattern. This analysis emphasizes the need and value of comprehensive environmental justice
assessments for any wetlands site where restoration investments for carbon sequestration are being
considered. The publicly available data sources used for this activity and several of the California-
specific environmental justice literature referenced were catalogued. This analysis is complete and is
being prepared for journal submission.

Ecosystem and Climate Modeling - The goal of the modeling team is to conduct sets of modeling
experiments using ecosys and ATS and investigate how different coastal wetland restoration options
and climate change will impact net carbon sequestration potential. We use observations to parametrize
and benchmark the modes and predict greenhouse carbon exchanges, carbon burial, and plant
dynamics. The team focused on hiring postdoc researchers, summarizing model parameters,
communicating with the project group about data needs, and discussing methods on setting up model
experiments in the study sites. Specifically, (1) we recruited two postdoc researchers who will work on
the ecosys and ATS modeling. (2) we developed a list of key model parameters relevant to coastal
wetland ecological, hydrological, and geochemical processes. (3) we analyzed the annual mean
precipitation, temperature, and elevation across the observation sites and summarized the availability of
climate data across the sites for site selection. We also identified other data needs such as soil
properties, topography and plant traits that will be used to initialize the models.

Education & Outreach - In the first year of the project despite the challenge of recruiting students mid
academic year we have included seven graduate students and five undergraduate interns and provided
them with hands on experience in collaborative research. We have established an outward looking
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Key Personnel

project website which includes information about the project as well as resources like news items and
videos. The publicly available data sources used for this activity and several of the California-specific
environmental justice literature referenced were catalogued for inclusion in the climate and data literacy
course. As from this project has been used in an NSF supported project (DIG CAMP) which provides high
school students from underprivileged schools to Climate and Data literacy experience. The high school
students as well as a group of climate-concerned community members visited our field site at Elkhorn
Slough. We have also established collaborative relationships with the new UC–CSU ECCLPs Climate and
Environmental Justice Literacy Initiatives a UC–CSU partnership that focuses on advancing PK-12
climate and environmental literacy, justice, and action to build NGSS aligned climate and data literacy
curricula.

We have encountered some significant obstacles. Because of the mid-academic year start date, it was
not possible to recruit new students dedicated to the project and some hired students had other funding
sources. This resulted in slower progress on some project aspects, and not all GSR support was used. In
addition, although we have started the process of hiring the postdocs in March, due to backlog in the HR
office and the time it takes to process visas the selected postdocs are still not in the USA. We hope that
the visas will be processed, and we are planning to recruit several new students for the project in the
coming academic year. No aims have been discontinued and we are progressing as planned with a small
delay in the modeling due to the delay in postdoc hires.
In the next year we will continue to collect and analyze the field data at all sites and expand on the
microbiology work. The economics team will focus on developing a full model of the flood risk and
producing preliminary results. The team will also include other ecosystem services beyond flood
mitigation such as fishery/bird habitat, localized cooling for urban-adjacent areas, and improvements to
water quality in the model. The cost of land acquisition/restoration depending on the restoration method
will also be included. The policy team plans to use the survey at select other regions to allow
comparisons with the Bay-Delta findings and networks and do more analyses focused on the
environmental justice dimensions of wetlands restoration. A short policy report/set of recommendations
exploring the implications of these findings for wetland restoration projects’ siting, funding, and relation
to social equity goals and two papers will be submitted for publication. The postdoc researchers will be
on board, and the modeling team will focus on selecting an experiment site to conduct model
simulations. We will start with a transect-scale simulation to understand the dynamics of C, surface and
subsurface hydrology, and geochemistry with and without restored wetlands.
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Leveraged Funding

Signature
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Project webpage - https://wetlands.ucsc.edu/



Webpage example for resources - https://www.youtube.com/watch?v=CR4Anc8Mkas&vl=en



Recorded Group Zoom Webinars 
and Presentations



Field and Lab Work – October 2022



Outreach – High school 
students and community 
groups visit the field site.    
Undergraduate summer 
interns 



Digitized map of elevation of the 
wetland was produced to assess 
the change and volume of water 
as the water level rises and falls 
between tides.  This helps us 
provide a constraint and 
independent measure of the 
volume flow we measure with 
the ACDP. 



Coastal wetland sources, pathways, and
mechanisms for DIC and DOC for lateral
export. Variations in water table elevation
relative to soil and rooting zone control the
proportion of respired carbon that exits the
system as vertical gaseous flux vs. lateral
aquatic flux (adapted from Bogard et al.,
2020 and Kroeger et al., 2022).





The new eddy covariance sites on the left 
and the list of all field sites in the AmeriFLux

webpage on the right


