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:

Monique Messié
Principal Investigator:
Ken Smith
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Francisco Chavez, Bruce Robison, Ken Smith
Lead Engineer:

Kevin Gomes, Alana Sherman, Brett Hobson

Project Title:


An integrated MBARI time-series program
a) New Projects
N/A
b) Continuing Projects

If the proposed project includes multiple individual projects, please list each of these projects as a subheading in the proposal. For each subheading, please address the following:

Current status of project and results to date
The project is articulated along three main axes: regular science and engineering meetings, scientific data integration, and technical data integration. We are continuing the regular meetings that were key to the success of the project, and during which the group discusses techniques to address the scientific and technical data integration, research conducted within the individual time series projects, scientific results from this project and technology development. We also invited other MBARI groups working on technology relevant to the ITS objectives to participate in meetings. 

In addition to the regular science and engineering meetings, a smaller “data synthesis working group” has been meeting as well (4 meetings so far) to discuss methods and directions directly related to the science data integration across time series. Even though these meetings are primarily science discussions, members of the technical data integration team have been attending as some of the techniques may be implemented into the database and visualization tools. 
Here we detail the current status of the scientific and technical data integration.

(1) Scientific data integration

Current status

The timeline below (Figure 1) outlines the advancement of the project (past and proposed future) relative to its six long-term goals outlined in the original 2015 proposal. The first two years have been dedicated to biological (taxonomic) data sets, the exploration of ecosystem indices and the El Niño case study. We expect to transition in the upcoming years from biodiversity studies to carbon fluxes estimates. However, discussions among the group indicate that deriving a carbon budget for the integrated time series, which was part of the original proposal, may be more challenging than expected particularly in the midwater. The lack of information on animal size makes estimating their biomass and then respiration an educated guess at best. An alternative option in the last 2 years of this project could be to focus on the biodiversity analysis, possibly emphasizing the integration of outside datasets. [else? We seek management input?]
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Figure 1 – Timeline of ITS work to date, and expected work in the upcoming years, categorized following the 6 long-term goals outlined in the original 2015 proposal. The boxes represent when the bulk of each task has/will take place, noting that most remain ongoing efforts.
Results to date

Work in 2016 so far has focused on:

a- integrating more datasets into the analysis, in particular phytoplankton cell sizes and satellite environmental data. While the connection with ITS hasn’t been explored yet, Monterey Bay krill datasets have been assembled for the MBON project and are currently being investigated to define “high-krill” vs. “low-krill” periods, which could in turn be related to ecosystem states as observed in ITS.

b- continued work on ecosystem indices, such as biodiversity indices, principal component analysis, multidimensional scaling analysis or self-organizing maps. We are still exploring relationships between the 3 time series; more work is needed to define meaningful taxonomic groups (i.e., choice of taxa to be included in each dataset).
c- the 1997-1998 El Niño case study, which had been identified as a key priority of the 2016 proposal. Following discussions among the data synthesis working group, we decided to focus on 3 key aspects:

1. Changes during El Niño / La Niña: food supply (looking at surface plankton size and primary production, and midwater particle feeders. While little benthic data is available during the 1997-98 El Niño, a change in food supply would be expected to have profound impacts on benthic communities).
2. Changes during El Niño / La Niña: timing (propagation of anomalies in space & time and across trophic levels)
3. Community structure and change (related to the work on ecosystem indices).

Work on these 3 key aspects is detailed below.

1. Changes during El Niño / La Niña: food supply

The goal of this first part was to test the hypothesis that food supply across the water column decreases during El Niño. To characterize food supply, different proxies were considered:
· Surface phytoplankton primary production (PP)

· Surface phytoplankton size structure (big phytoplankton sink faster than small ones, so a decrease in phytoplankton size would decrease the carbon flux)

· Midwater particle feeders abundance, which is expected to be related to the particle flux they feed on

· Benthic particulate organic carbon (POC) flux.

None of these parameters show a strong link with El Niño / La Niña, despite decreases in PP, POC and some species of midwater particle feeders (Figure 2). The primary signal in PP and POC appears to be a strong increase post- vs. pre-2000, while midwater particle feeders (time series starting in 1997) show decreases following the 1997-98 El Niño but also in the mid-2000s and 2015. It is too early to tell whether there are decreases associated with the 2015-16 El Niño. These results challenge our understanding of El Niño impacts on California ecosystems.
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Figure 2: Looking for El Niño impacts on food supply in (A) midwater particle feeders, (B) carbon fluxes, and (C) phytoplankton size (the flatter the slope the more phytoplankton is dominated by big vs. small cells), While time series tend to show decreased values during El Niño, these are not very strong and no significant changes in phytoplankton size slope was observed. Only La Niña conditions differed from the other states for phytoplankton size, however the relationship is opposed to what was expected (B suggests proportionally more small plankton during La Niña).
2. Changes during El Niño / La Niña: timing

This second part focused on capturing El Niño signal propagation across space and time, and across trophic levels. Anomalies and propagation are visible coinciding with the 1997-98 event (Figure 3). Lagged correlations with an El Niño index (MEI) display maximum correlations and smaller lags nearshore (~ 1-2 month for SST and SLA) and increased lags in sea level when moving offshore. No northward lag increase was observed, possibly because of the caveats associated with lagged correlations (very sensitive to the maximum lag allowed and the period of analysis). Lagged correlations between MEI and species from the 3 time series showed no significant nor consistent relationship, again challenging our ability to capture and generalize El Niño impacts on ecosystems. 
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Figure 3: El Niño northward signal propagation along the coast in sea level, temperature and Chl as seen from satellite. While all datasets show synchronous anomalies, propagation is most visible in sea level anomalies.
3. Community structure and change

This last part continued the work started last year regarding community indices, in link or not with ENSO. The idea is to capture the “state of the ecosystem” and its changes over time, identifying whether community observed during/after El Niño are different from “normal” communities. A long-term goal is to identify whether changes in ecosystem state are synchronous across time series. Different techniques have been explored so far, starting last year with Principal Component Analysis (PCA) and MultiDimensional Scaling (MDS). Preliminary efforts using Self Organizing Maps (SOM) on surface phytoplankton as part of MBON appear promising to capture different types of ecosystems. 
This work is ongoing and hasn’t yet identified clear simultaneous changes across time series. More work is needed in order to reach a conclusive answer, in particular regarding the choice of taxonomic groups to be included in the analysis for each time series.

(2) Technical data integration

Based on the characteristics of the surface, midwater and benthic data sets and the analysis that had been done to date during the science discussions, in 2015 the architecture in Figure 4 was proposed as a means to curate, integrate and serve the various time series data. As of the writing of this proposal, the boxes that are solid red have been done or are stable and being augmented as data analysis continues.  The boxes in dashed red are in the early stages of development with more work to be completed during the rest of 2016.
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Figure 4: Diagram of proposed integrated data architecture for ITS project.
Software was developed to take in the specific listing of data that is applicable to the science questions being asked in the ITS meetings and loaded it into a MongoDB database. MongoDB was chosen for its ability to embed aggregation and data processing directly into the data storage. Access APIs were then developed to allow HTTP requests from clients to access this combined data set. Several external data sets were also discussed during the ITS meetings and the loading software was written to include those data in the integrated data set as well (MEI for example).  Current work is focused on building appropriate aggregation and analysis algorithms to provide more specific views of the raw data and on a visualization application to explore the data sets (see Figure 5).
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Figure 5: Early stages of the data visualization and exploration interface to the integrated data.
Significant changes from previous project proposal 

None.
Publications based on the results of this project only
Smith, K.L., M. Messié, A.D. Sherman, C.L. Huffard, B.W. Hobson, H.A. Ruhl and A. Boetius, 2015. Navigating the uncertain future of global oceanic time-series, EOS, 96, doi:10.1029/2015eo038095.

c) New and Continuing Projects: Plans for 2017
Research Activities

During the second part of 2016, we will continue to work on the 1997-98 El Niño case study and on the suite of ecosystem indices that we are developing to capture ecosystem status. One surprising result that became apparent when looking at the El Niño signal, which we expected to find very clearly in the data sets, is that reality is more complex than “text book theory”, particularly when it comes to biology. El Niño impacts on the physics are very clear, less so on satellite chlorophyll, and even less on in situ biological data. It is possible that we haven’t used the right tools yet, and we intend to continue the El Niño case study this year and next (adding information on the 2015-16 El Niño as they become available). It is also possible that El Niño impacts are relatively weak relative to local forcing and inherent noise in the system, making it difficult to isolate its effects on biology. Or it is possible that biology integrates so many different time scales, particularly when considering in situ sampling, that isolating a single source of variability is challenging. 
In 2017, in addition to ongoing work on El Niño and ecosystem indices, we propose to take a step back and look for higher-level relationships (“text book theories”, or paradigms) that we expect to find in the data. For instance, strong upwelling should lead to diatoms blooms that should in turn increase food supply across the water column all the way to the benthos [impact on midwater
?]. In other words, because El Niño challenges our understanding of the system, we want to go back to fundamental paradigms and test whether they are occurring in the time series or not
.

We also intend to discuss carbon fluxes in more details, in order to identify what we know and what is missing of the carbon budget from surface to seafloor. Based on these discussions, we will define a strategy to tackle the carbon budget question.

Engineering/technology development

In 2017, we are proposing to continue the work on the integrated data storage access and visualization software by focusing on:


1. Integration of additional external data sets. During our discussions, many other data sets have been discussed (mooring, ROVCTD, etc.). This work would write additional software to include that data in the integrated data storage.


2. Work will continue to expand the embedded aggregation and analysis in the MongoDB database itself, but there will be additional work to design maintainable ways to integrate other data analysis packages like Matlab and R. This work will also be happening in both the CANON/ODSS work and the ESP project so it will be highly leveraged work.


3. During 2016, some of the data analysis and visualization produced by Monique have expanded beyond the capabilities of the HighCharts package being used in the currently deployed web application.  This work proposes investigating and replacing the HighCharts package with the D3 package which has vastly greater charting and visualization capabilities.


4. The last section of work is to build a mechanism to allow users to integrate and visualize their own data sets alongside the Integrated Time Series data sets.

Total hours: 250

The green boxes in Figure 6 are the areas of proposed work.
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Figure 6: Integrated Time Series data architecture with four highlighted areas of proposed work (1-4).
Field programs (detail ship requirements/deployments/diver requirements)
None.
Isotope Usage

Project teams must provide details regarding any planned isotope use on shore, on ships, in the Sanctuary, etc. Please review the guidance on isotope usage at http://www.mbari.org/at-sea/cruise-planning/hazardous-materials/ and policy at  http://mww.mbari.org/safety/SafetyManual/Isotope_Use_Policy.pdf, and then provide details on plans below.

None.
Specific deliverables

There are not any specific deliverables other than to implement any changes that are defined by the evolution of the analysis through 2017. The resources specified below are a rough estimate based on what we think will be necessary for improving the central data repository, visualization, query and access mechanisms, and contribute to regular ITS meetings.
Milestones (see personnel classification list)
	2017 Project Start Date: 
01/01/2017
	Milestone 1
	Milestone 2
	Milestone 3
	Milestone 4
	Milestone 5
	Total Resources
 for each resource category for all milestones listed here

	Milestone Date
	All year
	Unknown
	
	
	
	

	Milestone Description
	Science / engineering meetings
	Extraction and Repository Improvements
	
	
	
	

	EE
	20
	
	
	
	
	20

	SE
	20
	230
	
	
	
	250

	ME
	20
	
	
	
	
	20

	EE Tech
	
	
	
	
	
	

	SE Tech
	
	
	
	
	
	

	ME Tech
	
	
	
	
	
	

	Machine Shop
	
	
	
	
	
	

	Divers
	
	
	
	
	
	


Budget justification

Software: Matlab neural network toolbox annual support fees: $188.

Travel: domestic or international travel for one conference or workshop for M. Messié: $3000 (based on $1500 airfare, $500 conference fees, $700 lodging and $300 meals).

Project team
· Francisco Chavez – PI

· Bruce Robison – PI

· Ken Smith – PI

· Reiko Michisaki

· Tim Pennington

· Rob Sherlock

· Anela Choy

· Crissy Huffard

· Monique Messié – Project Manager, Data Synthesis and Analysis

· Brett Hobson

· Alana Sherman

· Kevin Gomes – Technological data integration

Project lab and office space requirements 
In addition to any changes to current space usage, please also include anticipated office and lab needs for students, postdocs, collaborators, etc.
None needed.
Data storage requirements (see Todd Ruston for assistance)

   [Click here to enter text]   
Data availability outside project team, uniqueness

   [Click here to enter text]   
R/V Paragon Requests

If the project team will be requesting time for the R/V Paragon, please specify the operators in the group and provide estimates of their availability to operate the vessel.

None.
Export Regulation
Does the project team anticipate any foreign collaborations or international travel? If so, please identify collaborators by name, institution, and country.

None.
Does the project team plan or anticipate export controlled purchases, shipments, or transfers of items (e.g., research instruments, proprietary data, hand-carried tools or samples) outside the U.S. temporarily or permanently? If yes, please identify country or countries and indicate whether these items will remain under MBARI control while abroad or controlled by others. Will the items be exported to more than one country? Please include foreign collaborator information as described above.

None.
Monterey Bay National Marine Sanctuary (MBNMS)
General Permit

Projects teams need to indicate if any work will be performed that is either: (1) currently authorized under our general permit; or (2) will require that we obtain authorization. The current permit can be viewed at http://mww.mbari.org/pco/permits/mbnms-2015-002_feb2015.pdf. Please see Mandy Allen for questions.
Is a permit with MBNMS required for your work? 

No for this project. Work conducted within MBNMS is detailed in each of the individual time series proposals.
SESAs (General map)
Projects will need to indicate whether or not work will be conducted within one of the Monterey Bay National Marine Sanctuary's Ecologically Significant Areas (SESAs). An interactive map can be found on the Sanctuary's SIMoN webpages at http://sanctuarysimon.org/maps/sesa/. (Note: It may take a moment for the page to load, so please be patient. Also, if prompted for a login, hit “Cancel” and then you will be able to access page.) To determine if your work will occur in a SESA, specific coordinates can be entered using the locator function (click on the red "target" button in the toolbar at the top of the map). If your work will be conducted in one of these areas, please indicate which area, by number. 

None for this project. Work conducted within SESAs is detailed in each of the individual time series proposals.
Authorizations/Permits from other Agencies or Organizations

Is the project team aware of any other permits or authorizations that will be necessary to perform the proposed work? If so, please list below along with status of authorizations (obtained, pending, need to apply, etc.). Please see Mandy Allen if you have questions.

None.
Active Acoustics

We are compiling information on active acoustic use at MBARI. If the project involves using active acoustic instrumentation, please describe plans.

None.
Risk matrix (development and infrastructure projects only)
	
	Technical Risk
	Organizational Risk
	Tech Transfer Risk
	Labor Estimate Risk

	High
	
	
	
	

	Medium
	
	
	
	

	Low
	
	
	
	


� This date and number should remain the same for the duration of the project. If your project start date for 2017 is not January 1, please indicate the start date in the first cell of the milestone chart. Format for duration example: “Year 2 of 5”.


� Development and infrastructure projects must complete the risk matrix (see item #5 at the end of the proposal form).


� Not all projects will require all four titles to be filled in. Please indicate individuals only for those titles that are appropriate for your project. 


� This number should be the same number you entered on the resource requests for this particular resource.





�Particle feeders? General decrease?


�Insert figure, eg. coastal vs offshore ecosystems (possible to see both at M1? Eg. seasonally or when CA current gets close to shore?)


�Not quite sure what to say here, nor how to say it. Basically, the idea would be to do a simple diagram of carbon fluxes across the time series, identify what we have or not, and derive a plan to get what is missing (options would be more observations, modeling, just give up on it).
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