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An integrated MBARI time-series program
a) 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 feasibility study, 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.
Here we detail the current status of the scientific and technical data integration.

(1) Scientific data integration

The table below summarizes the 2015 science objectives that were proposed last year. At this time, work has been mostly focused on objectives (1) and (4), who share the same goal: define a set of representative variables from each time series, which can then be compared with each other and environmental forcing (next steps, objectives (2) and (3)). 
	Scientific analysis
	Long-term goals
	Near-term science objectives (2015)

	Data synthesis
	Identify key parameters and condense the time series information 
	(1) Separately synthesize surface, midwater and benthic time series into a manageable number of representative data sets 

	Synchronous variability
	Identify cause/effect relationships between the time series
	(2) Compare the time series from (1) with each other and with climate indices to identify similar variability at the seasonal and interannual scale

	Prediction
	Predict key parameters in the future, a few years ahead and under climate change
	(3) Identify lagged-relationships based on (2) and identify species for which those are robust enough to enable prediction

	State of the ecosystem
	Define and share proxies related to ecosystem health
	(4) Investigate calculations of biodiversity indices

	Outside datasets
	Enlarge the above studies to the California Current
	- none for 2015 -

	Carbon budget
	Quantify carbon fluxes from surface to bottom and harvest
	(5) Start combining midwater animal counts with biomass and respiration numbers


As a first step, the group decided to focus efforts on biology and ecosystem status. Methods developed based on biology can then be applied to other aspects of ITS such as carbon fluxes and ecosystem production. Our goal thus is to choose representative variables that capture ecosystem composition and key ecological patterns in the surface, midwater and benthos, and their changes over time (ecosystem indices). These ecosystem indices can then be compared across the 3 time series and with environmental conditions. 

With this objective in mind, the main datasets currently investigated for generating ecosystem indices are:
· surface: plankton concentration (counts per volume) and biomass (from 1989)

· midwater: animal density (counts per volume) from ROV transects (from 1997)

· benthos: echinoderm density (counts per area) from towed camera-sled images (from 1989) and animal density from benthic ROV transects (from 2006).
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Figure 1 – Illustration of taxa definition for the midwater transects (phylogenetic tree from VARS knowledge, numbers correspond to the number of annotations in all the midwater transects). Blue boxes highlight three taxa definition, encompassing respectively 93, 61743 and 3880 VARS annotations. In this example, 2591 annotations are not considered (red).
A crucial question that is still a work in progress is the choice of taxa to be included in each dataset. For instance, VARS annotations (midwater and benthos) include descriptions at the species, genus, family and higher levels including phylum. Similarly, plankton counts (surface) include several “unidentified” categories. Counts thus need to be summed at a given level into groups (hereafter “taxa”). Taxa defined at detailed levels (e.g. species or genus) represent ecologically meaningful time series but ignore a large number of higher-level annotations. On the other hand, taxa defined at high levels (e.g. class or order) maximize the number of annotations included in the datasets, but lose meaning as fauna with very different ecological functions are summed. The current approach for VARS is to sum annotations at intermediate levels (genus to class) chosen on a case-to-case basis (Figure 1). The taxa definition is dynamically adjusted following discussions with researchers from each lab and as VARS annotations change. As of today, we are considering ~60 plankton species and 16 plankton functional groups, ~90 midwater taxa mostly defined at the genus level, ~40 benthic taxa mostly defined at the family to class level (ROV) and 10 benthic echinoderm taxa (towed camera-sled images).
Significant work went towards data cleaning, harmonization and preprocessing of the three datasets in order to generate comparable time series. Both surface and midwater datasets were regridded monthly from an original resolution of 3-4 weeks, gaps no longer than 1 month filled by linear interpolation. For the midwater transects, vertical gaps were filled and counts averaged over depths 200 to 1000m (the full vertical resolution is retained for some analysis). The original temporal resolution (yearly or every few months) was retained for benthic time series. Anomalies were generated for each of the taxa defined above by log-transforming the data (all), and removing the seasonal cycle (surface and midwater only).
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Figure 2 – Examples for the different categories of ecosystem indices. 
a) Example of key taxon for the surface time series highlighting the “dinoflagellate age” in 2004-2006; 
b) Example of a biodiversity index computed on the midwater time series, highlighting higher biodiversity near 500m and lower before year 2000; 
c) Example of an index of common variability computed on 10 echinoderm benthic time series by principal component analysis, highlighting a different community structure in 2001-2009 vs. other years (a similar result was obtained by Kuhnz et al., 2014 using multidimensional scaling).
We are currently investigating ecosystem indices computed from these taxa time series. These fall into several categories (Figure 2):

· key taxa. These are mostly based on each PI’s knowledge of their own time series, and can also be examined by clustering analysis (where the analysis reveals which taxa group together, and a key taxon is chosen for each group). 

· biodiversity indices. Several standard biodiversity indices of diversity, richness and evenness have been computed. We are also investigating taxonomic diversity that takes into account the phylogenetic distance between taxa. 

· indices of common variability. These are intended to capture temporal changes observed across taxa for a given dataset, using statistical techniques such as principal component analysis (PCA). We are also investigating the use of clustering and ordination methods.
(2) Technical data integration
The progress to date for 2015 is detailed below under each item that was specified in the 2015 proposal:

1. We will work with people and organizations familiar with machine learning to define access requirements for machine learning frameworks and services

While attending a workshop with the Signature Discovery Initiative, we discussed the possibility of making the ITS data available to them and what the requirements would be for it to be useable. While the discussion was vague due to the fact that we are still defining what data and processing are necessary, the SDI group felt confident that they could utilize the data in many different formats. Comma Separated Values was suggested as a starting point with the likely migration to REST APIs. Again, while not certain, they felt confident they could ingest the data when it becomes available in either of those formats.

2. Based on item 1 along with requirements defined during team meetings and analysis results, we will define access interfaces for integrated data to support those requirements.

At the current date, after talking with the SDI investigators and those that would be consuming the data, the suggestion of CSV or REST API was acceptable. Other formats would also be useable such as NetCDF files or OPeNDAP and those might be supported as well.

3. We will work with the project team and research specialist (Monique) to define exploration/visualization requirements.

Monique has been working on variations of data presentation and has been presenting those to the team for discussion. Once the data storage and access APIs are completed, we hope to convert some of the visualizations she is generating into standard products.

4. Based on interface definitions, we will then design and/or select a common data storage mechanism to support access and visualization requirements.

Early in 2015, some exploration work was done to look at large scale time series data storage technologies. One particular technology is the Open Time Series DataBase (OpenTSDB). The technology is built on top of Hadoop and while it does look applicable, its strengths only come in to play on very large data sets, which we do not have. It was suggested to the Data Technical Advisory Group as a possible technology for investigation on high bandwidth data streams. The Shore Side Data System (SSDS) was also considered, but its data storage mechanism (relational database) was originally designed to capture raw data from streaming instruments. SSDS assumes that no preprocessing is done on the data and so all data is stored in one column. While this works well for observatory data collection, the data for the time series database is several levels higher in the processing chain and pushing the data into a single column would only increase the processing requirements during extraction. The STOQS system is currently being considered as a possibility for data storage. While the ITS data could be ingested into STOQS, the abstraction of the ITS data is a 'single' geospatial location with time-varying data. The power of STOQS is the integration of geospatial data that varies in space and time and has a large schema to make this tractable. For now, a simpler schema will be utilized in a relational database with the possibility of moving to STOQS if the requirements warrant that functionality. A PostGIS database will be utilized to store the combined time series data as it meets all the requirements defined to date and is the database technology that is utilized by STOQS if migration is in the future.

5. During this work, we will also consult the Data Technical Advisory Group to understand linkages to possible technologies being explored for data storage.

The Data TAG has not undertaken any technology explorations to date so no work in this area has been done. The Data TAG will be proposing some technology exploration in 2016 and as mentioned previously, the OpenTSDB technology is being recommended as a candidate for that work by the ITS project.

6. Once a storage mechanism is known, we will develop automated data extraction from existing time series into the common data store.

This work is in progress. Early versions of the extraction for the upper and midwater is operating and is being refined based on the work that Monique has been doing. The benthic data extraction will be in the second half of 2015.

7. We will then deploy common data storage technology along with automated extraction routines.

8. The software engineer will work with the group and research specialist to develop and deploy the access software and interfaces.

9. The software engineer will work with the group and research specialist to develop the exploration and visualization software.

These three items are still to be done in 2015 as the extraction routines are not well defined enough at the current date.
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 vital but imperiled future of global oceanic time-series, EOS, in press.

b) New and Continuing Projects: Plans for 2016
Research Activities
During the second part of 2015, we will continue to work on a suite of ecosystem indices for each time series in order to characterize ecosystem variability from 1989 to present. One signal that clearly shows up across the three datasets is the strong 1997-98 El Niño (Figure 3), and in 2016 we intend to focus our efforts on this event as a case study. There are several reasons for this, the first being the current El Niño that is predicted to persist until next year and possibly strengthen. A more detailed characterization of the 1997-98 El Nino can help us understand what is currently happening, and put the present variability in historical context. Moreover, while each group studied the impacts of El Niño within their own time series, no “surface to seafloor” synthesis has been conducted yet. We hope that the study of the 1997-98 event can provide insights into the types of connections present through the water column and the associated temporal lags.
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Figure 3 – Impacts of the 1997-98 El Niño on surface, midwater and benthic ecosystems. From top to bottom: the multivariate ENSO index highlighting the strong 1997-98 event, anomalies of integrated primary production, anomalies of log-transformed Aegina counts per volume (Narcomedusae, one of the most common midwater genus), anomalies of log-transformed Synallactes (benthic echinoderm genus). Anomalies are constructed by removing the seasonal cycle (intPP, Aegina) or the mean (Synallactes). The three time series show decreased production/numbers following the 1997-98 El Niño event. 
The on-going integration of the three time series will continue in parallel as we add more datasets to the comparisons. Deriving carbon fluxes based on respiration rates in the midwater is a work in progress, which we will keep pursuing in 2016. Physical and chemical information from each time series will be integrated as well. In particular, one recurring question underlying variability observed at M1 and MidW1 is the impact of advection, e.g. is the observed variability the result of onshore/offshore displacement of ecosystems, or is it representative of a large-scale, cross-shore temporal change? We will look at current datasets (for instance M1 ADCP and HF radar) to address this question. We will also study advection patterns from Monterey Bay to Station M to shed light on suspected links between these two sites.

Focusing on the 1997-98 El Niño event, we will:

· characterize the El Niño impacts on community structure (i.e. how different was the ecosystem following the El Niño relative to other years?) – this will be directly derived from work being conducted in 2015;

· characterize the El Niño impacts on carbon fluxes from surface to bottom;

· assess environmental drivers from physical and chemical information;

· investigate the timing of changes and in particular, possible lags between surface, midwater and benthos (based notably on currents and advection patterns);

· discuss the ongoing 2015-2016 El Niño during our regular meetings, including possible adjustments to our sampling/measurements in order to better capture and understand this phenomenon.

Engineering/technology development
1. We are finding that there are many variables in the processing of the data from the three labs. This can be seen from Monique's text. I am hoping in 2015 we can decide where the lines of pre-processing and client processing can be defined better. For the steps that are deemed to be pre-processing, I will work on making extraction configurable, for example, Monique's references to choosing where in phylogenetic tree for certain aggregations.

2. As the discussions and the analysis progresses, some time will be needed to keep up with the processing and aggregation changes.

3. We project that more visualization work will happen in 2016 but will be focused on visualization with the goal of query and access. The users will have tools to do some quick exploration of the data sets to define what data they would like to extract for further analysis.

4. We will be working with the Video TAG group on some technology exploration in the area of deep learning (neural networks). We will need time to support this activity.
This project is also related to other proposals and continuing projects. Technological development is conducted within satellite projects and no resources are requested here. These projects include the three individual time series projects (MBTS 901112, midwater time series 901221, pelagic-benthic coupling 901113), i2MAP (901209), CANON (901009), LRAUV (901400), and Park and fly AUV (901606).
Field programs (detail ship requirements/deployments/diver requirements)
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 2016. The resources specified below are a rough estimate based on what we think will be necessary for improving the central data repository, query and access mechanisms, and contribute to regular ITS meetings.
Milestones (see personnel classification list)
	2016 Project Start Date: 
01/01/2016
	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 – Alana Sherman
	20
	
	
	
	
	20

	SE – Kevin Gomes
	20
	200
	
	
	
	220

	ME – Brett Hobson
	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

· 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 
None needed.
Data storage requirements (see Todd Ruston for assistance)
As mentioned in the technological work in 2015, this project actually does not generate that much data. There is still some discussion in the group about whether to leave the data in their original sources and only perform data cleansing and process as the data is queried. This would have no impact on data storage, but we suspect this scenario to be unlikely. The more likely scenario is that we will be keeping the data in each step of the processing so it can be used for external analysis. This means duplication of data, but we project that we would likely need on the order of 100’s of MBs to a few GBs of storage in a PostGIS relational database. If the same data is stored in parallel files that are in NetCDF or CSV format, that number could double, but is still considered small.
Data availability outside project team, uniqueness

While there is still some discussion on what data can be made available, the plan is to make the extracted and processed data and various products available to the outside world through the ITS project.
Export Regulation
Does the project team anticipate any foreign collaborations or international travel? If so, please identify collaborators by name, institution, and country.

None for 2016.
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.

No.
Monterey Bay National Marine Sanctuary 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.
Risk matrix (development and infrastructure projects only)
	
	Technical Risk
	Organizational Risk
	Tech Transfer Risk
	Labor Estimate Risk

	High
	
	
	
	X

	Medium
	X
	
	
	

	Low
	
	X
	X
	


� This date and number should remain the same for the duration of the project. If your project start date for 2016 is not January 1, please indicate the start date in the first cell of the milestone chart.


� 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.
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