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	Quantifying, and eventually modelling, deep-ocean carbon storage requires detailed understanding of periods with unusually high activity in the biological carbon pump.  “Pulse” events, when large amounts of biological material sink to the deep-sea over a short period of time, are increasing in magnitude, duration, and frequency in the California Current (USA). They can account for a significant fraction of annual deep-ocean carbon storage in this region but remain unpredictable and hard to study.  This study presents progress toward targeted study of unpredictable pulse events through monitoring, event detection and command communication by a low-power instrument that then wakes up and initiates physical sample collection by a separate instrument with limited collection capacity. 
Development began with a single deployment of the Sedimentation Event Sensor (SES), an optical sediment trap with high temporal sampling resolution, at the outer reaches of the Monterey Bay, California, USA (LAT LONG, depth). The SES imaged sinking material that accumulated on a slide at the base of its funnel following a 5-minute collection period, after which material was released back into the environment and the SES entered a 15-minute flow-through standby period. Images (5/13/2023—8/14/2023) were analyzed for attenuance, which is a unitless value that indicates the relative amount of material on the slide. This analysis provided a preliminary sense of scale, variability and patterns in biological carbon pump activity at this site, allowing us to define pulse events mathematically (at a scale amenable to testing of engineering developments), and develop a triggering algorithm that could indicate pulse event onset.  
We added on-board image analysis and adaptive event-detection to the SES, and acoustic communication capabilities to a conventional sediment trap. After each sample collection the SES calculated attenuance and checked for rapid increases in marine snow accumulation. If a threshold was met, then the SES sent an acoustic “trigger” signal to initiate sampling by the nearby acoustics-enabled conventional sediment trap. This workflow aimed to detect the onset of, and collect during, pulse events. Sampling capacity of the conventional sediment trap was 21 cups, so overall goal was to develop algorithms that sent approximately that number of triggers. 	Comment by Christine Huffard: We need to cite McLane folks
In three field trials totaling over 12 months, the SES successfully detected unpredictable carbon storage events and sent acoustic commands (Table 1, Figure 1). To test communications, additional non-event triggers were sent on a scheduled basis, and if a certain period passed without event triggers. Those non-event triggers are not discussed here.  False positives (triggers when no event occurred) and negatives were evaluated…. 
	 
Table 1. Deployment event triggers
	Start  
	End 
	Trigger 
algorithm 
	Event triggers 
(Rich please confirm which sent for these three columns) 
 
	Scheduled triggers 
 

	6/20/2024 
	9/18/2024 
	Rapid increase and decrease  trigger thresholds. 
Trigger anyway period =  
	2024-07-01 10:38:00 
2024-07-08 14:46:00 
2024-09-04 16:02:00 
2024-09-12 02:41:00 
 
	2024-06 24 0:05:00 
2024-07-11 5:48:00 
2024-08-22 16:37:00 
2024-09-0416:32:00 
 
 

	12/4/2024 
	6/23/2025 
	Toggle between two thresholds (high/low) based on trigger rate.   
Blackout period =  
Trigger anyway period = 21d 
	2024-12-28 00:51:21 
2025-01-26 03:49:44 
2025-02-01 08:51:24 
2025-02-02 22:50:36 
2025-03-24 23:08:13 
2025-04-08 22:34:12 
2025-05-17 09:27:09 
2025-06-05 10:02:43 
	2024-12-15 02:32:03 
2025-02-13 02:22:11 
2025-04-15 17:12:02 

	7/16/2025 
	11/10/2025 
	Toggle between two thresholds (high/low) based on trigger rate.  
Blackout period =  
Trigger anyway period = 21d 
 
	2025-08-23 04:51:14 
2025-09-10 06:48:13 
2025-09-11 10:18:14 
2025-09-11 13:23:41 
2025-09-11 23:33:34 
2025-09-14 15:21:00 
2025-09-18 09:41:20 
2025-09-18 10:44:05 
2025-09-18 11:47:29 
2025-09-18 13:51:53 
2025-09-18 14:53:10 
2025-09-18 15:54:31 
2025-09-18 16:58:08 
2025-09-19 10:13:24 
2025-09-28 11:30:39 
2025-10-23 02:14:15 
2025-10-23 15:40:09 
2025-11-07 09:57:28 
	 



Plot atn for each: raw scatter blue alpha = 0.3, Rm150 as line, triggers as orange dot
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Quantifying, and eventually modelling, deep-ocean carbon storage requires detailed understanding of periods with unusually high activity in the biological carbon pump.  “Pulse” events, when large amounts of biological material sink to the deep-sea over a short period of time, are increasing in magnitude, duration, and frequency in the California Current (USA). They can account for a significant fraction of annual deep-ocean carbon storage in this region but remain unpredictable and hard to study.  This study presents progress toward targeted study of unpredictable pulse events through monitoring, event detection and command communication by a low-power instrument that then wakes up and initiates physical sample collection by a separate instrument with limited collection capacity.  
Development began with a single deployment of the Sedimentation Event Sensor (SES), an optical sediment trap with high temporal sampling resolution, at the outer reaches of the Monterey Bay, California, USA (LAT LONG, depth). The SES imaged sinking material that accumulated on a slide at the base of its funnel following a 5-minute collection period, after which material was released back into the environment and the SES entered a 15-minute flow-through standby period. Images (5/13/2023—8/14/2023) were analyzed for attenuance, which is a unitless value that indicates the relative amount of material on the slide. This analysis provided a preliminary sense of scale, variability and patterns in biological carbon pump activity at this site, allowing us to define pulse events mathematically (at a scale amenable to testing of engineering developments), and develop a triggering algorithm that could indicate pulse event onset.   
We added on-board image analysis and adaptive event-detection to the SES, and acoustic communication capabilities to a conventional sediment trap. After each sample collection the SES calculated attenuance and checked for rapid increases in marine snow accumulation. If a threshold was met, then the SES sent an acoustic “trigger” signal to initiate sampling by the nearby acoustics-enabled conventional sediment trap. This workflow aimed to detect the onset of, and collect during, pulse events. Sampling capacity of the conventional sediment trap was 21 cups, so overall goal was to develop algorithms that sent approximately that number of triggers.  
We present results from three field trials totaling over 12 months, in which the SES successfully detected unpredictable carbon storage events and sent acoustic commands (Table 1, Figure 1). To test communications, additional non-event triggers were sent on a scheduled basis, and if a certain period passed without event triggers. Those non-event triggers are not discussed here.  False positives (triggers when no event occurred) and negatives were evaluated based on timing of triggers in relation to pulse events (exceeding mean +2 σ).  
  
Table 1. Deployment event triggers 
	Start  
	End 
	Trigger 
algorithm 
	Event triggers 
 
	Scheduled triggers 
 

	6/20/2024 
	9/18/2024 
	Rapid increase or decrease  trigger thresholds.  
	4 
 
	4 
 
 

	12/4/2024 
	6/23/2025 
	Toggle between two thresholds (high/low) based on trigger rate.    
Trigger anyway period = 21d 
	8 
	3 

	7/16/2025 
	11/10/2025 
	Toggle between two thresholds (high/low) based on trigger rate.  
Trigger anyway period = 21d 
	18 
	0 


 
Crissy’s to-do list: 
Recalc atn based on red channel code (overnight) 
Recalc POC flux 
Plot POC flux for each deployment: raw scatter blue alpha = 0.3, Rm150 as line, 		event triggers as orange dot 
Use pulse definition to figure out how many false pos and negs per deployment: 
· Value exceeds dataset mean + 2SD for at least 3 of the following datasets: raw values, 24H rolling mean, 3-day rolling mean, and 5-day rolling mean. 
· “Pulse” starts with the first time this condition is met, and ends when the following 24 hours do not meet this condition. 
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