Project Summary
Integrated Time Series (901512)
Introduction

· 2013/2014 Feasibility Study: Is it feasible to combine the 3 series? Monterey Bay Time Series (upper water column), Midwater Time Series (midwater), and Pelagic-Benthic Coupling (benthic)
· Science and engineering worked together to define what would be needed scientifically and technically to combine the three series.
· White paper was generated that defined the vision for the 5-year project
· 5-year project began in 2015 to combine the time series.
· This report summarizes that 5-year project
· In order to make operations more efficient and cost effective, each time series was working on a migration from ship-based operations to autonomous vehicle operation. This work is being done under each respective time series project.
Original Goals

· Near-term goals: Integrate data from the 3 time series. Integration work consists of both scientific data integration as well as technological integration. 
· Scientific:
· Analysis to identify links between surface, midwater and benthic environments
· concurrent climate driven changes across trophic levels
· carbon fluxes from primary production to higher trophic levels and export to the seafloor
· We identify these possible areas for scientific data analysis
· Data Synthesis
· Synchronous Variability
· Prediction
· State of the Ecosystem
· Outside datasets
· Carbon Budget
· Technical
· Propose common data store
· Publicly share data
· Add visualization based on scientific analyses
· Long-term goal is an integrated time series to achieve (See Figure 1 in Appendix):
· Affordable and sustainable system
· Enable key ecosystem processes to be monitored
· Enable tracking of organic carbon production and utilization throughout the water column
· Enable assessment of the impact of climate variability
· Improve prediction of future states of the system, particularly under climate change
· Provide tools to monitor the state of Monterey Bay
· Actions to achieve long-term vision
· Infrastructure components:
· Complete development of midwater and benthic imaging AUVs
· Complete development of 300m LRAUV water sampling system
· Develop LRAUV docking capabilities for both data and power exchange
· Develop 4000m LRAUV to conduct full depth optical and acoustic monitoring at both stations
· Develop 4000m LRAUV with docking capabilities for both data and power exchanges
· Install a mooring of two sediment traps and time-lapse camera at Sta. MB
· Develop mooring based instrumentation to provide continuous monitoring of water column (low cost cameras, RDI acoustics, SES, Rover) for LRAUV data and power exchanges through docking stations
· Install a 500 m depth sediment trap with extended mooring at Sta. M
· Establish data management and acquisition system for all MBARI time-series data.
· Develop VARS routines for processing AUV images from midwater and benthic transects
· Export time-series instrumentation and data management system
· Time-series monitoring implementation:
· Begin monitoring of upper ocean parameters using LRAUV at Station MB and Station M and processing data
· Begin monitoring of physical and chemical parameters as well as the distribution, abundance and size of pelagic fauna using optical and acoustic imaging at 100m intervals down to 1000 m depth and processing data at both stations.
· Begin oblique AUV faunal transects of water column between 1000 m and the bottom at both stations.
· Begin monitoring of the physical and chemical parameters as well as the distribution, abundance and size of benthic boundary layer fauna using optical and acoustic imaging from the sea floor to 50 m above bottom at both stations.
· Continue annual servicing of moorings and processing of sediment trap and time-lapse images from both stations.
Results – Near Term Goals

Scientific – Data Synthesis
[bookmark: __DdeLink__370_2645465663]
Datasets brought together:
· Ecological time series:
· Surface: plankton concentration (counts per volume) and biomass (from 1989)
· Midwater: animal density (counts per volume) from ROV transects (from 1997) – explain work w/ group definition
· Benthos: echinoderm density (counts per area) from towed camera-sled images (from 1989) and animal density from benthic ROV transects (from 2006)
· Other time series:
· primary production, nutrients, Chl
· sediment trap data
· environmental data
· 

Scientific – Results

Lines of investigation:
· synchronous variability including El Nino (unconclusive)
· state of the ecosystem (PCA, nMDS, cf paper results)
· biodiversity

Paper results


Scientific – Unanswered questions and path forward

What we were planning to do and didn’t (due to Monique’s leave of absence, time spent exploring the upwelling story instead, and other factors):
· carbon budget (also not having the data for it)
· prediction (check if possible w/ upwelling low frequency)
· outside datasets

Technical – Common Data Store

In the early years of the Integrated Time Series project, the STOQS application was discussed as a possible solution to long term storage for the time series data being extracted during the scientific explorations.  The data storage technology utilized in STOQS is the relational database PostgreSQL and was a likely candidate because of its performant retrieval of data and built in geospatial capabilities.  Loaders were written to upload the extracted data sets from the three time series project into a STOQS database.  The worked well as the amount of data generated by the data extractions and analyses were not large.  However, one goal of this work was to focus on an architecture that could be extended beyond the data in this project.

Up until recently, it has been well documented that relational database technologies were often times more difficult to manage as the scale of data increased.  While there are ways of scaling traditional relational databases like PostgreSQL, they are not straightforward and it was decided to take the opportunity to explore other methodologies to store time series data that would scale well.

Many different technologies, frameworks and architectures were explored to meet this requirement.  Early on in the project, along with efforts in other parallel projects, different storage technologies were evaluated based on the unique requirements that large-scale long-term time series data storage and retrieval brings.  Some examples of these storage technologies were traditional relational databases with architectures targeted for scale (PostgreSQL, Microsoft SQL Server, MySQL, etc.), along with NoSQL databases (CouchDB, MongoDB, Elasticsearch, Cassandra, etc.) that were built for the purposes of scaling.  There were many tradeoffs between all these different storage technologies and, at the time, none seemed to meet all our needs.

Late in the project (late 2017) a technology named TimescaleDB began to get traction and seemed to fit our requirements.  It was based on PostgreSQL and is, in fact, API compatible with PostgreSQL, but was designed to solve the scaling problems faced by traditional RDBMS systems to date.  TimescaleDB performance metrics seem to meet our projected time series data storage needs and boast regular testing at scales of 10+ billion rows while sustaining insert rates of 100-200k rows/second.  With scaling, they have seen upwards of 500 billion rows with sustained inserts of 400k rows/second.  Basically, TimescaleDB was designed to by compatible with PostgreSQL, but built to scale like NoSQL solutions.  One key benefit of utilizing TimescaleDB is, that if we are successful it will be able to serve data to the STOQS application stack as well due to its API compatibility with PostgreSQL.

With this evaluation was going on, three other projects (ESP, CANON/ODSS, and Data TAG) were also defining data storage requirements for their respective infrastructure.  As development proceeded, it was clear that most of these projects had similar requirements, albeit some were subsets of others.  Still, it was deemed worth trying to build a single software stack that would meet all the requirements, which would also meet the goal of the Integrated Time Series project to build an infrastructure that could scale to other data sets.  

The last couple of years of the combined efforts focused on building a set of service-based components to catalog and serve different kinds of data, including time-series data.  While this system meets more requirements than are needed for the Integrated Time Series project, it ensures, that if we are successful, we can work off one application codebase moving forward for several projects.  A high-level architecture of this system is shown in Figure 2 in the Appendix.

While some of the components in the architecture may not be utilized to serve the Integrated Time Series data, it could parse, load and serve the data extracted during the data analysis portion of this project.  At a high level, this architecture basically monitors a file system and catalogs information placed in that file store.  If the software recognizes specific features in the data sets, it will perform additional functionality to give end users more meaningful ways of accessing the data.

The Integrated Time Series project was key in informing the design of the architecture above, but as of this writing will not be used to house a common data store.  There are two reasons that we have decided to delay storing all the combined data in a central data store.  The first is that, as the data has been analyzed as part of this project, it has been discovered that there are still issues that need to be addressed in the original data sets before submitting to a data system that will make that data public.  The second is that a couple of the data extraction and loading paths are not ready for full automation and there is still a human in the loop during the extracting phase.  This means that in order to keep a common data store up to date moving forward, there would need to be a dedicated resource to be that human in the loop.  None of the labs have the resources available to keep this type of data extraction and curation up to date.  Each of the individual time series is committed to continuing the work of the scientific data integration for the purpose of the analyses of the combined time series.  The data catalog development described in this document will continue under other projects and once the data extraction paths are stable and data issues ironed out, it can then be used to house the combined data sets in the future.

Technical – Publicly Share Data

As described in the previous section, the data sets are not ready to be integrated into a combined data store to be made public, but the combined data store architecture will continue to be developed under other projects with the goal of providing FAIR data access interfaces to the data it manages.  Once the data path issues are resolved and the data is ready to be integrated, this system can be used to house the combined data set and then make it available publicly through FAIR interfaces.

Technical – Added Visualization

As is the case with the central public data store mentioned in the previous section, the data storage architecture will continue to evolve and visualization components will be developed that can leverage data stored in this system.  Once the combined time series data is managed by this architecture, those visualization interfaces will be used to provide public data exploration tools.
Results – Long Term Goals
· Infrastructure components:
· Complete development of midwater and benthic imaging AUVs
· i2MAP vehicle nearing completion
· Benthic (4000m) rated LRAUV was not developed due to limited resources at MBARI.
· Complete development of 300m LRAUV water sampling system
· This was the sipper developed under the CANON project correct?  Not sure what the current status is.
· Develop LRAUV docking capabilities for both data and power exchange
· This is an active development under the LRAUV project
· Develop 4000m LRAUV to conduct full depth optical and acoustic monitoring at both stations
· This work was delayed due to resource limitations at MBARI. 
· There will be some work in 2020 to scope the development of a 1500m rated LRAUV
· Develop 4000m LRAUV with docking capabilities for both data and power exchanges
· Dependent on the development of the 4000m LRAUV which was delayed.
· Install a mooring of two sediment traps and time-lapse camera at Sta. MB
· Not sure of the status of this work
· Develop mooring based instrumentation to provide continuous monitoring of water column (low cost cameras, RDI acoustics, SES, Rover) for LRAUV data and power exchanges through docking stations
· Not sure of the status of this work
· Install a 500 m depth sediment trap with extended mooring at Sta. M
· Not sure of the status of this work
· Establish data management and acquisition system for all MBARI time-series data.
· This work is being developed under the Improving Impact of MBARI’s Data project.  It’s will be a continuation of the work that was done under this project that was combined with the data systems work on the ESP and CANON projects.
· See the results section for more details
· Develop VARS routines for processing AUV images from midwater and benthic transects
· I believe this work is done.  I can check with Brian, but I think the i2MAP vehicle images are being processed into the M3 system.  Anybody verify?
· Export time-series instrumentation and data management system
· Not sure about hardware export
· All the components of the data management system described in this document are on BitBucket in public repositories:
· fsmon: https://bitbucket.org/mbari/fsmon/src/master/
· fsmon-handler: https://bitbucket.org/mbari/fsmon-handler/src/master/
· file-to-es-indexer: https://bitbucket.org/mbari/file-to-es-indexer/src/master/
· data-catalog-api: https://bitbucket.org/mbari/data-catalog-api/src/master/
· data-catalog-app: https://bitbucket.org/mbari/data-catalog-app/src
· data-catalog-data-extractor: https://bitbucket.org/mbari/data-catalog-data-extractor/src/master/
· mbari-data-model: https://bitbucket.org/account/user/mbari/projects/DC
· data-catalog: https://bitbucket.org/mbari/data-catalog/src/master/
· Time-series monitoring implementation: (Please comment on these bullets as I don’t have much knowledge on them.  I think many of them were kind of dependent on developments that were never done, so I think they are on hold)
· Begin monitoring of upper ocean parameters using LRAUV at Station MB and Station M and processing data
· [bookmark: _GoBack]Begin monitoring of physical and chemical parameters as well as the distribution, abundance and size of pelagic fauna using optical and acoustic imaging at 100m intervals down to 1000 m depth and processing data at both stations.
· Begin oblique AUV faunal transects of water column between 1000 m and the bottom at both stations.
· Begin monitoring of the physical and chemical parameters as well as the distribution, abundance and size of benthic boundary layer fauna using optical and acoustic imaging from the sea floor to 50 m above bottom at both stations.
· Continue annual servicing of moorings and processing of sediment trap and time-lapse images from both stations.
Lessons Learned

· Scientific
· Need help here
· Technical
· One key development that was enabled during the Integrated Time Series was the automated detection of 6 key species by the Video TAG project. I need to get some information from Duane/Danelle for this part.
Recommendations

· Looking for help here, but I am assuming we will want to re-enforce the things that were not approved for development (4000m AUV, etc.)
· We still recommend one or two sites that are fully instrumented (top to bottom): we probably want more details on how this would work??
· In order to get accurate carbon content measurement, we would need a platform like Mesobot, but that can track an animal for much longer periods of time (e.g. to observe the entire lifecycle) so that accurate size estimates can be made, thus giving more accurate carbon data.
· Another possibility to explore is the use virtual reality (VR) to capture a 3-dimensional view of organisms which may increase the likelihood of accurate carbon estimations.
· Examine the possibility of incorporating eDNA data into this combined time series



Appendix
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Figure 1 Long Term Vision of Combined Time Series



[image: ]
Figure 2 - Data Architecture for Combined Data Store
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