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Project Overview 

What fundamental problem does this project address? 

· Importance: 
· Sporadic, high-magnitude carbon flux events (“pulse events”) can represent a significant fraction of deep-sea carbon sequestration, but they are missing from global carbon flux models.
· Instruments that can detect unpredictable pulse events as they occur, and trigger other instruments nearby to wake up and monitor additional parameters, help make better use of power-hungry oceanographic instruments. 

· Knowledge gaps: 
· Pulse events differ in their carbon quantity, freshness, and biological sources. Different pulse event types may require different trigger criteria.
· Current global carbon flux models perform poorly when trying to model pulse events from satellite data.

· Engineering challenges: 
· To study different pulse event types, we need instruments that can evaluate multiple data streams when deciding whether to trigger additional sampling.
· Pulse event detection algorithms need be tested in a wide range of conditions before they can be exported to other research groups.
· To match remote sensing spectra used to study carbon export from space with the spectra of particles sinking in deep sea, we will need to develop new imaging capabilities.

· Opportunities:
· In project 902305 (ending in 2025), we modified the Sedimentation Event Sensor (SES) to monitor sinking material in situ, detect pulse events as they occurred using image attenuance, and initiate sampling by a nearby sediment trap (Trigger Trap). The SES successfully initiated 6 samples by the Trigger Trap (3 “triggers” and 3 scheduled) when the two instruments were deployed as landers near MARS. We are working to improve on these promising initial results.
· Aspects of the Rover fluorescence imaging system or Coral Cam multispectral imaging system may translate well to a fluorescence or multispectral imaging system on the SES. 

· Goals and timeline: 
· Expanded operational range:
· We will expand the SES and Trigger Trap event detection operational range to offshore/mooring conditions in 2026 and 2027 (3 months per year). These deployments will help us evaluate in-line modem communications. The location will be chosen strategically to compliment SINKER data (CFE 902111), and study nearshore-offshore carbon transport. 
· Add fluorescence or multispectral imaging system to the SES for use in dual-channel decision-making:
· In 2026 we will assess the feasibility of adding a fluorescence or multispectral imaging system to the SES. 
· In 2027, pending positive results of the feasibility analysis, we will develop fluorescence or multispectral imaging system hardware and software integration, including a framework for adaptive dual-channel triggering. 
· By 2028 we will plug into MARS to test the ability of this system to trigger adaptively based on two data streams (attenuance and fluorescence or multispectral images). 

What makes this work relevant to MBARI?

· [bookmark: _Hlk201150803]The outcomes will be relevant to other groups at MBARI studying carbon flux, and engineers working to develop flexible, remotely triggered sampling regimes for the LRAUV. 

Is this effort linked to other internal or externally funded projects, or collaborative efforts?

· [bookmark: _Hlk201150838]This project will provide data and engineering advancements useful to the Carbon Flux Ecology lab (902111). 
· We envision collaborating with Carbon Flux Ecology group to use the SES to trigger sampling by SINKER. 


Is this project one of multiple projects your team plans to submit? 

No


Nature and Scope of the Proposed Project 

This proposal is an extension of a current program (902305-- Event detection by the Sedimentation Event Sensor, ending in 2025).

2026: 
1. Deploy the SES and Trigger Trap offshore on a deep, subsurface mooring.
a. Use adaptive triggering algorithm that can increase/decrease sampling rate if threshold flux is too low/high.
b. Calibrate SES attenuance to carbon flux measured from Trigger Trap samples.
c. Use the Wave Glider to communicate with the SES and retrieve recent image attenuance to evaluate whether it has clogged 
2. Evaluate performance of triggering algorithm in offshore conditions.
3. Evaluate feasibility of replacing SES fluorometer with fluorescence imaging system.

Anticipated Shared Resource Needs

Project team includes:
· Rich Henthorn
· Irene Hu
· Ben Jansen
· Alana Sherman
· Crissy Huffard
· Colleen Durkin 
· Yanwu Zhang
· Denis Klimov

Ship days:
· 2026: Two three-day overnight cruises on the Rachel Carson--one to deploy (late spring) and one to recover (late summer) the SES and Trigger Trap mooring 
· 2027: Two three-day overnight cruises on the Rachel Carson--one to deploy (late spring) and one to recover (late summer) the SES and Trigger Trap mooring 
· 2028: Two Rachel Carson cruises (12 h)--one to deploy and plugin at MARS (early spring) and one to unplug/recover (late fall)

Facilities:
· Machine shop:
· 2026: outfit SES and Trigger Trap for mooring deployment
· 2027-2028: Fabricate and refine fluorescence or multispectral imaging system
· Test tank
· all years

Wave Glider:
· 2026, 2027: Pass by location of SES and Trigger Trap deployment to check status (1 per offshore deployment)
Anticipated Expenses

2026: <$75K 
· outfit the SES and Trigger Trap for mooring deployment 
· SES, Trigger Trap, modem, release batteries 
· Modem to replace one on Trigger Trap that is not currently working and might be broken.

2027: <$50K
· SES, Trigger Trap, modem, release batteries 
· Fluorescence imaging system components
2028: <$25K
· SES MARS port fees, Trigger Trap, modem batteries 
· Conference for Huffard, Henthorn to present science and engineering results


Intellectual Property (IP) Considerations 

No

Data 

What types of data will be generated? 

Images (TIFF files) and logs/data (CSV): 
2026: 2 TB
2027: 2 TB
2028: 4 TB

Images from the SES deployments will be stored on the VARS for images server (\\atlas.shore.mbari.org\VARS_Stn-M_Image_Archive), and incorporated into the VARS for images database.

Data files, analyses, and codes will be stored on a share created for this project (either on Project library, or a separate folder, whichever IS prefers).

Anticipated Impact 

We are designing this project to be useful to oceanographic institutes, both within and beyond MBARI, who seek to study unpredictable events in the ocean. We aim to produce event detection algorithms that are adaptive to the type of data used, making decisions based on one or two data streams.

Anticipated Outreach Needs 

We welcome collaboration with the Science Communication team to develop outreach materials to highlight collaborative engineering and science developments. 
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