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John (Jake) Supino

5" Year PhD Candidate at Boston College

Hometown: Fresno, California

Previously:

MSc, Geology from CUNY The City College of New York
NASA GISS Graduate Research Intern
Undergrad at New York University

Research Interests:

Autonomous Sensors

Ecosystem Metabolism

Ocean biological pump

Controls on carbon cycling (e.g., nutrients, physics)
mMCDR and Nature-Based Climate Solutions (obviously)
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IPCC

INTERGOVERNMENTAL PANEL oN Climate chanee

CLIMATE CHANGE 2023

Synthesis Report

Summary for Policymakers

A Report of the Intergovernmental Panel on Climate Change

- NbS could provide ~30%
of needed climate
mitigation, but investments
In infrastructure and more
science IS necessary.

There are multiple opportunities for scaling up climate action

a) Feasibility of climate responses and adaptation, and potential of mitigation options in the near term

Climate responses and
adaptation options

~__ Energy reliability (e.g.
diversification, access, stability)

Resilient power systems

Improve water use efficiency
J

ENERGY SUPPLY

Improved cropland management
Water use efficiency and water
resource management
Biodiversity management and
ecosystem connectivity
Agroforestry
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Sustainable aquaculture and fisheries
Forest-based adaptation
Integrated coastal zone management

Coastal defence and hardening

Sustainable urban water management
Sustainable land use and urban planning

Green infrastructure and
ecosystem services

INFRASTRUCTURE

SETTLEMENTS AND

Enhanced health services
(e.g. WASH, nutrition and diets)

Risk spreading and sharing
Social safety nets

Climate services, including
Early Warning Systems

Disaster risk management

AND ECONOMY

Human migration

SOCIETY, LIVELIHOOD | HEALTH

Planned relocation and resettlement

Livelihood diversification
Feasibility level and synergies
with mitigation

I High I Medium Low

and in sy

eee Hig

‘;J =
2N 8 o
E5T |92 ®
£72 | 252
o Q| >=I'F
oS H=E

Confidence level in pote

h  *e Medium

/
VA
Mitigation options

Solar

Wind

Reduce methane from coal, oil and gas
Bioelectricity (includes BECCS)
Geothermal and hydropower
Nuclear

Fossil Carbon Capture and Storage (CCS)

Reduce conversion of natural ecosystems

Carbon sequestration in agriculture

Ecos¥§1em restoration,
afforestation, reforestation

Shift to sustainable healthy diets
Improved sustainable forest management
Reduce methane and N,0 in agriculture

Reduce food loss and food waste

Efficient buildings
Fuel efficient vehicles
Electric vehicles

Efficient lighting, appliances
and equipment

Public transport and bicycling
Biofuels for transport

Efficient shipping and aviation
Avoid demand for energy services
Onsite renewables

Fuel switching
Reduce emission of fluorinated gas

Energy efficiency

Material efficiency

Reduce methane from
waste/wastewater

Construction materials substitution

INDUSTRY AND WASTE

Enhanced recycling

. Carbon capture with
utilisation (CCU) and CCS

easibility

s y o
Potential contribution to
net emission reduction, 2030 & G0
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Net lifetime cost of options:
s with mitigation = ; &

& Costs are lower than the reference - 50-1
( (USD per tCO;-eq) 100-2

0-50 (USD per tCO;-eq)

)0 (USD per tCO;-eq)




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
* green (land/vegetation), |
* blue (water/ocean),
» and grey (engineered) approaches. ‘

Blue @ Grey



Green Approaches

Afforestation

(Brandenburg




Blue Approaches

Germany

/\

e

alt marsh restoratlon




Grey Approaches

USA Germany

T

. Setting back dikes:
(Rhine River)

US Army Corps
~of Engineers o

Seawalls and levees




Approach Comparison

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

Army Corps strong in
hybrid NbS + grey
solutions.

Market mechanisms
(carbon credits,

USA N\~ Germany
s

Species +
Protection

| co,

voluntary offsets) play

'Xgricultural lobb

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




Trade-offs &
Climate Mitigation Conflicts
FELEIIEL » Permanence & Risk
Land competition:

NbS is not a substitute afforestation vs. Wildfire, drought, or

2| rise can
> carbon
"age.

for decarbonization. agriculture. o

Addit
sequestrat
pathways a

Land ownership Green gentritication
conflicts in U.S. and and greenwashing
Germany.

N b S Who benefits
Farmers’ opposition to v. bears costs?

peatland rewetting in

] n G : ivate land
Limits




The Seven Mile Island Innovation
Laboratory

- B2 sq. kilometers of tidal marshes,
coastal lagoons, shallow bays, sounds,
and tidal inlets

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

,"ﬂ;f:‘."ff Stone . .
oy - Bisected by the Atlantic Intracoastal

a Waterway which the US Army Corps of

Engineers maintains for safe maritime

navigation

SEVEN MILE ISLAND INNOVATION LAB

i.
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GLOBAL CARBON BUDGET 2023

19
(+4.1)

©@®O

Gilobal Carbon Project

TOTAL SINKS
B 4

372 (+18) 3.7 (+25) 8.4 (+37)
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Fossil fuels and industry Land Use Change Land sink

EMISSIONS AND SINKS
In billion-tons CO; per year (Pg CO2/ yr), in 2023

10.6 +15)

Ocean sink

GLOBAL CARBON
PROJECT
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Seagrasses

Salt Marsh
Estuarine Mangroves

Oceanic Mangroves

Tropical forest

Murray et al. (2011)

m Soil organic carbon

200 EGODNN ® Living biomass

0 500 1000 1500 2000

tCO,eq/ha

2500




CH, (0.8)

Gross primary production CO, (20) Greenhouse gas emissions

CO, (97)

High tide
C
~ Burrow-induced
export Carbon outwelling

DIC (29)




PHOTOSYNTHESIS (P)

WATER + INORGANIC CARBON + NUTRIENTS | ORGANIC MATTER + OXYGEN
64H,0 + 106CO, + 16NH, + H,PO, -y Ci06H175042Ny6P + 1380,

RESPIRATION (R)

A ™ ™

ADOOb

— = Biological Processes + Gas Exchange

b S T AIK At T
+ Tidal Advection + horizontal movement
and stratification + bottom-driven
turbulence + ebullition + etc...

At




mmol O2 m'2 d'1

mmol O2 m'2 d'1
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GPP

Monthly

NEM

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

Month of Year

-29.4 mmol O, m2d1



My future research ideas...

200

Minimize
—— W-92 /

| —— W-09 /

i A MCG'O] / E

150 || ——W-13(20°C) ;A
| o W-13(0°C) s A

[ e W-13(40°C) ;A

Directly measure gas

exchange
with an eddy covariance

system




My future research ideas...

Minimize Monitor multiple processes in tandem

variahlac

soil emissions
CO, 2.68 = 1.05 creck emissions oceanic CO, emissions
N,0 0.04 £ 0.02 CO, 1.34 049 DIC,, .., 6.74 £2.34

CH,0.03 £001 N,0-0.05 £ 0.02* POC respiration 2.43 + 1.07
RO DOC respiration 1.73 £ 0.64 |

Waé quﬁ G’ﬁm b

burial 1.5 +0.12

Directly measure gas Measure and model carbon
exchange export

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/

Ocean-Based Carbon Dioxide Removal: Road

Maps

Pathways to accelerate the development and testing of ocean-based

carbon dioxide removal approaches.

CAbout Road Maps> C How to use Road Maps)

. TECHNOLOGY ROAD MAP

I CROSS-CUTTING ROAD MAP

Read the core principles guiding our work on carbon dioxide removal

and the ocean.
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https://www2.oceanvisions.org/roadmaps/remove/mcdr/

Special thanks to:
Boston College Marine Biogeochemistry Lab

US Army Corps of Engineers Engineer Research
and Development Center (ERDC)

US Army Corps of Engineers Philadelphia District

The Wetlands Institute INSTITUTE ~ SINCE 1969

Rutgers Marine Field Station q'n .
Roland Hagan I E

ENGINEER RESEARCH & DEVELOPMENT CENTER




