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1) Summary

	Name of Action Group


	Tropical Moored Buoy Implementation Panel (TIP)

	Date of report


	30 Sept. 2017

	Overview and main requirements addressed


	The Tropical Moored Buoy Implementation Panel (TIP) oversees the design and implementation of the following components:
· The Tropical Atmosphere Ocean / Triangle Trans-Ocean Buoy Network (TAO / TRITON), a central component of the ENSO Observing System, deployed specifically for research and forecasting of El Niño and La Niña;
· The Prediction and Research Moored Array in the Tropical Atlantic (PIRATA)
· The Research Moored Array for African-Asian-Australian Monsoon Analysis and Prediction (RAMA)

	Area of interest


	The tropical ocean regions as part of an integrated approach to observing the climate system to address the research needs of CLIVAR and the operational strategies of GOOS and GCOS. Pacific Ocean: 8°N to 8°S; Atlantic Ocean: 21°N to 19°S; Indian Ocean: 15°N to 12°S.

	Type of platform and variables measured


	Tropical moorings with surface meteorological and sub-surface oceanographic sensors measuring surface wind, air temperature, relative humidity, SST and SSS on all surface moorings. Air pressure, precipitation, short wave radiation, long wave radiation on some surface moorings. Sub-surface temperature profiles down to 500m-750m on all surface moorings. Salinity profiles as deep as 750m on some surface moorings. Current velocity on some moorings.  Biogeochemical measurements, including CO2 and O2, are included on select moorings. Some moorings also have specialized instruments to measure turbulence dissipation and listening devices for tracking marine animals.

Subsurface ADCP moorings measuring velocity profiles in the upper few hundred meters.  Some have additional single point current meters at deeper levels.

	Targeted horizontal resolution


	Tropical Pacific Ocean: 68 moorings; Tropical Atlantic Ocean: 19 moorings ; Tropical Indian Ocean: 33 moorings

	Chairperson/Managers


	Dr. Mike McPhaden, PMEL, USA, Chairman

Dr. Kentaro Ando, JAMSTEC, Japan, Vice-Chairman

	Coordinator


	Mr.  Kenneth Connell, PMEL, USA


	Participants


	TAO/TRITON: NOAA National Data Buoy Center (NDBC), Japan Agency for Marine-Earth Science and Technology (JAMSTEC)

PIRATA: NOAA Pacific Marine Environmental Laboratory (PMEL),   , NOAA Atlantic Marine Oceanographic Laboratory (AOML), L'Institut de recherche pour le développement (IRD), Meteo-France, Instituto Nacional de Pesquisas Espaciais (INPE), Diretoria de Hidrografia e Navegacao (DHN)

RAMA: NOAA PMEL, JAMSTEC, Indian National Center for Ocean Information Services (INCOIS), Indian National Institute of Ocean Technology (NIOT), Indian National Institute of Oceanography (NIO), the Indonesian Agency for the Assessment and Application of Technology (BPPT), the Indonesian Meteorological, Climate, and Geophysical Agency (BMKG), the Chinese First Institute of Oceanography (FIO), Bay of Bengal Large Marine Ecosystem (BOBLME) program, and University of Tasmania.

	Data centre(s)


	PMEL, NDBC, JAMSTEC, NCEI


	Website


	http://www.pmel.noaa.gov/gtmba 

http://tao.ndbc.noaa.gov/ 

	Meetings

(meetings held in 2016/2017; and planned in 2017/2018)


	· CLIVAR Pacific Ocean Panel 11th session, Qingdao, China, 17-18 September 2016

· CLIVAR Open Science Conference, Qingdao, China, 19-23 September 2016

· TPOS 2020, 3rd meeting, Steering Committee in Lima, Peru, 25-28 October 2016 
· PREFACE-PIRATA-CLIVAR Tropical Atlantic Conference, Paris, France, 28 Nov-2 Dec 2016

· Fall AGU Meeting, San Francisco, CA 12-16 December 2016

· AMS 97th Annual Meeting, Seattle, WA, 23-26 January 2017

· CLIVAR GOOS Indian Ocean Panel 13th session and 7th session of the IndOOS Resource Forum (IRF-7), Perth, Australia, 30 Jan-3 Feb 2017

· GCOS-COOS-WCRP Ocean Observations Panel for Climate, 20th Session, Woods Hole, MA, 14-17 March 2017

· EGU General Assembly, Vienna, Austria, 23-28 April 2017

· Second Meeting of the TPOS 2020 Resource Forum (TRF-2), Honolulu, Hawaii, 16-17 May 2017

· Oceans 2017, Anchorage, AK, 18-21 Sept 2017

· NOAA Ocean Observing & Monitoring Division PI Community Workshop, Silver Spring, MD, 9-11 May 2017

· TPOS 2020 Western Pacific Workshop, Qingdao, China, 4-6 September 2017
· Indian Ocean community workshop, La Jolla, CA, 11-13 September 2017

· TPOS 2020, 4th meeting, Steering Committee in Seattle, USA, 16-19 October 2017

· Fall AGU Meeting, New Orleans, LA 11-15 December 2017

· AGU/ASLO/TOS Ocean Sciences Meeting, Portland, OR 11-16 February 2018

	Current status summary (Sep 2017)

	TAO/TRITON: 53 of 55 TAO, 1 of 2 TRITON surface moorings reporting data.

PIRATA:  10 of 18 surface moorings reporting data.

RAMA:  20 of 23 surface moorings reporting data.

	Challenges/Opportunities/Risks (intersessional period)
	TPOS 2020 moving forward to redesign and refine the TPOS to observe ENSO and advance science, to advance efficient and effective observational solutions, and to advance understanding of tropical Pacific physical and biogeochemical/ecosystem variability and predictability.
Challenges due to vandalism and ship time limitations endure and continue to constrain array sustainability.

RAMA-2.0 has been proposed and is intended to make the array more robust, cost-effective and less dependent on ship time, which is the most limiting resource for sustaining the array. Sites with frequently recurring vandalism have also been eliminated in order to promote sustainable maintenance of the array.

Limitations in ship availability due to unanticipated ship mechanical problems have delayed the Brazilian cruise to service the western Atlantic PIRATA moorings, which have all gone offline due to extended deployment time. This has resulted in decreased data return for PIRATA in 2017. 

	Summary of plans for 2018

	TAO/TRITON: Maintain 57 mooring array. (11 of 13 original TRITON/ADCP moorings retired.)

PIRATA: Maintain 19 mooring array

RAMA: Maintain 30 mooring array, including 3 new sites.



2
Deployment plans for 2018
TAO/TRITON: NDBC 4 cruises, JAMSTEC 1 cruise

PIRATA: AOML/PMEL 1 cruise, IRD 1 cruise, INPE 1 cruise

RAMA: PMEL/NIOT 3 cruises, PMEL/Seychelles 1 cruises, JAMSTEC/BPPT  1 cruise, PMEL/BKMG/LIPI 1 cruise,    FIO 1 cruise.

3
Data management
3.1
Distribution of the data
Most tropical surface mooring data are telemetered in real time and are placed on the GTS. High-resolution TAO Refresh data are telemetered via Iridium and placed on the GTS by NDBC.  TRITON data and data from ATLAS moorings (the majority of systems in PIRATA and RAMA) are telemetered via the Argos system and are placed on the GTS by the French Space Agency (CLS).  Data from recently deployed T-Flex moorings in PIRATA and RAMA are telemetered via Iridium and placed on the GTS by PMEL.  Real-time data, delayed-mode data (e.g., data of higher temporal resolution than are available in real time) and data from subsurface moorings are available via several web based distribution sites: 

PMEL (http://www.pmel.noaa.gov/gtmba/data-access/disdel), 

NDBC (http://tao.ndbc.noaa.gov/tao/data_download/search_map.shtml),

           (http://dods.ndbc.noaa.gov/thredds/catalog/data/oceansites/DATA/catalog.html), and

           (ftp://data.ndbc.noaa.gov/data/)

JAMSTEC (www.jamstec.go.jp/jamstec/TRITON/real_time/delivery/
      (www.jamstec.go.jp/iorgc/iomics/datadisplay/buoysummary.php?LANG=0)
NIO (www.nio.org/index/option/com_nomenu/task/show/tid/2/sid/18/id/5). 

During the period September 2016 through August 2017 the PMEL web pages had more than 19M hits and delivered more than 374K data files in response to more than 166K independent user requests.  In addition to web page deliveries, more than 3.4M files were delivered via FTP. During the same period, the NDBC TAO web pages had more than 4.3M hits and delivered more than 4M data files totaling 305 GB of data in response to user requests.  In addition to web page deliveries, the NDBC OceanSITES Global Data Acquisition Center (GDAC) delivered 97K files via FTP and 1.9M files via the Distributed Oceanographic Data System (DODS) access THREDDS service.
3.1.1
Data policy

Data are freely available on the web and distributed via the GTS in real-time.  The protocol for TAO-Refresh data delivery is based on an Open Source Project for a Network Data Access Protocol (OPeNDAP).
3.1.2
Real-time data exchange

TAO Refresh systems, designed to make observations comparable to legacy ATLAS systems, transmit 10-min data via Iridium, with hourly observations placed on the GTS by NDBC.  ATLAS moorings place daily mean meteorological and oceanographic observations and some (about 10 per day on average) hourly meteorological observations on the GTS using Argos2 PTTs.  TRITON and mini-TRITON (m-TRITON) buoys submit hourly mean meteorological and oceanographic data to the GTS: TRITON via Argos2 PTTs and m-TRITON via Argos3 PMTs.   Hourly T-Flex data transmitted via Iridium are placed on the GTS by PMEL.  Compared to the volume of ATLAS data received at PMEL, more than 90% is typically reported on the GTS by CLS.  Most operational centers receive nearly all ATLAS data placed on the GTS, with the exception of the European Centre for Medium Range Weather Forecasts (ECMWF), which typically reports volumes of about 75%, presumably due to stricter latency criteria.    

NDBC submits TAO Refresh data onto the GTS under the SSVX08 KWNB header in World Meteorological Organization (WMO) FM18 – BUOY alphanumeric format and also in BUFR format under header ISSF/G08. The WMO numbers for the TAO Refresh buoys are those used for the previous ATLAS moorings at the same sites.  PMEL submits T-Flex data onto the GTS in BUFR format with Bulletin Header IOBX08 KPML.  WMO numbers for T-Flex moorings take the 7-digit analogue of the 5-digit code for the previous ATLAS system at the same site.  For example, the WMO number for  the first T-Flex mooring implemented (4°S 81°E in RAMA) is 2300010 (vs 23010 for the previous ATLAS moorings at that site).

Daily average primary sensor real-time data return for the period 1 September 2016 through 31 August 2017 was 75% for TAO, 56% for TRITON, 60% for PIRATA and 68% for RAMA.  Primary reason for data loss in PIRATA is a significant delay in the Brazilian cruise due to ship mechanical repairs. Primary reasons for data loss in RAMA were a high incidence of vandalism coupled with long mooring deployment periods at some sites. Details are discussed in section 5.1.

3.1.3
Delayed mode data exchange

Delayed mode data (i.e., data retrieved after mooring recovery) are available at the web sites listed in 3.1 above.  System metadata are available at the web sites listed in 3.2 and 4 below.

The TAO web sites (http://tao.ndbc.noaa.gov/ and https://www.pmel.noaa.gov/gtmba/pmel-theme/pacific-ocean-tao), PIRATA web site (https://www.pmel.noaa.gov/gtmba/pirata), and  RAMA web site (https://www.pmel.noaa.gov/gtmba/rama) provide additional information including scientific background, technical information, present status of the arrays, a bibliographies of refereed publications, history of cruises, and additional information.

TAO delayed mode data are archived by NDBC following the definitions and principles of the Open Archival Information System (OAIS) Model (ISO 14721:2003); these data are available at NOAA National Center for Environmental Information: 

https://data.noaa.gov/dataset/physical-and-meteorological-data-from-the-tropical-atmosphere-ocean-tao-array-in-the-tropical-p0a3d0.

3.2
Data quality

Data quality control procedures are described at https://www.pmel.noaa.gov/gtmba/data-quality-control for ATLAS moorings, at http://tao.ndbc.noaa.gov/proj_overview/qc_ndbc.shtml for TAO refresh moorings and at http://www.jamstec.go.jp/jamstec/TRITON/real_time/overview/po-d5 for TRITON moorings.

4) Instrument practices

Sensor specifications and calibration procedures are described on a number of web sites:

· www.pmel.noaa.gov/tao/proj_over/sensors.shtml (ATLAS and T-Flex)

· http://tao.ndbc.noaa.gov/proj_overview/sampling_ndbc.shtml (TAO Refresh)
· http://www.jamstec.go.jp/jamstec/TRITON/real_time/overview/ (TRITON)
· http://www.jamstec.go.jp/iorgc/iomics/projectoverview/1_b3_eng.html (m-TRITON)

Real-time (daily averaged) and delayed mode (10-minute) data from NDBC’s TAO Refresh moorings and PMEL’s T-Flex moorings were independently compared during testing alongside ATLAS moorings for several years. TAO Refresh moorings have now replaced all ATLAS Legacy moorings in TAO. Side-by-side T-Flex/ATLAS comparison deployments were also conducted for several years. T-Flex moorings have now replaced ATLAS moorings at 8 RAMA and 7 PIRATA sites. Additional RAMA and PIRATA replacements are planned for the coming year. A NOAA Technical Memorandum comparing the ocean-deployed, side-by-side ATLAS and T-Flex mooring deployments in RAMA and PIRATA is in preparation.
China’s First Institute of Oceanography (FIO) mooring, named BaiLong (White Dragon), was designed to make meteorological and ocean measurements comparable to ATLAS moorings. FIO first deployed a BaiLong at the 8°S 100°E RAMA site in February 2010 and maintained the site on an annual basis until 2015.  FIO re-established the mooring in fall of 2016.  PMEL and FIO have incorporated data from the BaiLong mooring into PMEL’s Tropical Moored Buoy web pages, which display and distribute RAMA data from ATLAS, T-Flex, and TRITON moorings. 

Results of a land-based comparison of ATLAS, T-Flex, and China's BaiLong meteorological data have been published.

Freitag, H.P., C. Ning, P. Berk, D. Dougherty, R. Marshall, J.M. Strick, and D. Zimmerman (2016): ATLAS, T-Flex, BaiLong meteorological sensor comparison test report. NOAA Tech. Memo. OAR PMEL-148, NOAA/Pacific Marine Environmental Laboratory, Seattle WA, 40 pp, doi: 10.7289/V57942PP, Published online.
5) Details of Challenges/Opportunities/Risks
5.1
RAMA Implementation and Maintenance 

RAMA principal investigators in the U.S., China, India, and Japan have proposed a revised array design referred to as RAMA-2.0 in the context of the 2017-18 Indian Ocean Observing System (IndOOS) review.  This re-design is intended to make the array more robust, cost-effective and less dependent on ship time, which is the most limiting resource for sustaining the array. RAMA-2.0 has fewer moorings than the original design and eliminates moorings in regions prone to heavy fishing vandalism or where it has not been possible to find reliable ship support. While we are proceeding for practical reasons with adoption of this interim RAMA-2.0 strategy, the plan is provisional and awaits final endorsement by the IndOOS review community. 

The new RAMA-2.0 plan includes a total of 33 moorings. Currently, 27 of the planned 33 mooring array (82%) have been implemented in the Indian Ocean. We plan to implement three additional RAMA moorings in 2018. RAMA maintenance will continue in the coming year with a potential for participation by up to six countries in support of up to 30 moorings. A limited number of research vessels in the Indian Ocean are capable of RAMA mooring maintenance. The number of moorings actually serviced will be dependent on the availability of ship time. RAMA cruises will continue to provide deployment opportunities for surface drifters and Argo floats. 

Between Sep 2016 and Aug 2017 20 RAMA surface moorings and 6 ADCP moorings were serviced. During this time 230 sea days were provided by India, Indonesia, the US, Japan, and China in support of RAMA. in support of these RAMA sites. Thirty eight (38) surface drifters (provided by the Global Drifter Program) and 5 Argo floats (provided by PMEL’s Argo project) were deployed on RAMA cruises in the past year.

A PMEL ATLAS mooring in the Bay of Bengal was enhanced to include CO2 measurements for the fourth year in a row.  This effort was a collaborative effort of PMEL, BOBLME and NIOT.  In support of the Ocean Tracking Network, all RAMA moorings were instrumented with acoustic recorders provided by Dalhousie University.

Damage to buoys and theft of instrumentation continues to be a problem, especially at sites near areas of intense fishing activity. In addition to vandalism, well-publicized piracy events have resulted in the suspension of RAMA implementation off Africa and in the Arabian Sea. The occurrence of piracy has decreased in recent years and events have largely been limited to areas near the Somalia coast and the Gulf of Aden. Plans are in place to implement three (3) mooring sites in the Arabian Sea in 2018.

A November 2016 PMEL cruise used a small ship in the Seychelles during which 2 RAMA ATLAS moorings were maintained and re-deployed at 4°S, 57°E and 8°S, 55°E.  The ship will be used again in November 2017 to maintain these 2 sites.

NIO has ceased maintenance of their Deep Ocean RAMA moorings at 0°, 93°E, 0°, 77°E and 0°, 83°E and do not have a plan to maintain these beyond 2017. 

5.2
PIRATA Implementation and Maintenance 

Limitations in ship availability due to unanticipated ship mechanical problems on the new Brazilian ship assigned to PIRATA maintenance have caused long delays to the Brazilian cruise to service the western Atlantic PIRATA moorings. This has resulted in a significant decrease in data return for PIRATA in 2017. The ship is undergoing final repairs and the cruise is anticipated to begin in late 2017.

5.3
Array enhancements

Meteo-France provides barometers to maintain surface pressure measurements at 4 RAMA sites and 1 PIRATA site.  

CO2 and additional biochemical (e.g., pH, O2, chlorophyll, turbidity) measurements are made on some TAO moorings (http://www.pmel.noaa.gov/co2/moorings/) and on some PIRATA buoys by LOCEAN (http://www.lodyc.jussieu.fr/CO2tropiques/) and the Leibniz Institute of Marine Sciences at the University of Kiel (IFM-GEOMAR).  A PMEL CO2 system supported by the Bay of Bengal Large Marine Ecosystem Project (BOBLME) has been maintained on a RAMA mooring since November 2013. The University of Tasmania provided fluorometers for two RAMA moorings in the past. These measurements are made by independent electronic systems (i.e., not integrated with ATLAS, T-Flex or TAO Refresh electronic systems.) PMEL and GEOMAR developed integrated real-time telemetry of O2 from T-Flex moorings in PIRATA and six sensors were successfully deployed at two moorings in 2017. Two additional O2 sensors were deployed on a third mooring, but these are not providing data in real-time. Real-time O2 measurements will be added to a third mooring in the upcoming year.  

Dalhousie University’s Ocean Tracking Network (OTN) program has deployed acoustic telemetry receivers on all PIRATA surface moorings and all RAMA moorings, adding additional biological monitoring capabilities to the array by tracking marine animals.  

Oregon State University deploys microstructure measuring instruments (known as ChiPods) on tropical moorings in TAO, PIRATA and RAMA.   At present a total of 27 instruments are deployed on 7 moorings. Additional ChiPods are planned for deployment on additional moorings in the upcoming year.
Enhancements to PIRATA moorings, to include adding current meters to some moorings and increased vertical resolution of salinity profiles, are planned for 2018.

5.4
International cooperation and capacity building

A number of formal bilateral agreements have been created between agencies of the United States, India, Indonesia, Australia and ASCMLE to help complete and sustain RAMA.  A 5-year Implementing Arrangement between NOAA and the Indonesian Ministry of Marine Affairs and Fisheries (KKP) expired in 2013. A new Implementing Arrangement between NOAA and Indonesia’s Meteorological, Climate, and Geophysical Agency (BMKG) has since been developed.  The ASCLME Project ended in March 2014. Korea launched a new research vessel in late 2016 with interest being expressed by the Korea Institute of Ocean Science & Technology (KIOST) towards support of RAMA.  A collaborative KIOST/NOAA pilot cruise to service three RAMA moorings in 2017 was funded and successfully completed.

To facilitate and coordinate resources that may be applied to the Indian Ocean Observing System, an IndOOS Resource Forum (IRF) was established in 2009.  The Forum held its 7th meeting in Perth, Australia on 30 Jan 2017 to 3 Feb 2017.

KIOST maintains 3 subsurface ADCP moorings near TAO moorings along 165ºE.  This work is being conducted under the context of a Joint Project Agreement between NOAA and the Ministry of Oceans and Fisheries, Republic of Korea.     

As mentioned above T-Flex moorings replaced ATLAS moorings in PIRATA this past year.  Eight PIRATA mooring sites are maintained by Brazilian scientists and technicians aboard Brazilian research vessels. In preparation for a 2017 Brazilian PIRATA cruise, PMEL hosted a T-Flex training workshop for 3 INPE technicians in March 2017.  An additional T-Flex mooring training workshop for NIOT technicians will be held in the upcoming year in support of RAMA maintenance and capacity building with India.  

5.5
TPOS2020

The Tropical Pacific Observing System 2020 (TPOS 2020) is an international project under GOOS for review of the observing system.  TPOS was originally designed in the 1980s based on 1980s science issues and largely on techniques from that era.  The objectives of the TPOS 2020 are to redesign and refine the TPOS to observe ENSO and advance scientific understanding of its causes, to determine the most efficient and effective observational solutions to support prediction systems for ocean, weather and climate services, and to advance understanding of tropical Pacific physical and biogeochemical/ecosystem variability and predictability. The First Report on the TPOS 2020 was released in December 2016 to the TPOS 2020 website: http://www.tpos2020.org.    The report summarizes the TPOS 2020 requirements and basis, design principles, integration, future evolution, and implementation.    

5.6
Retirement of Pacific TRITON Sites 

In 2000 JAMSTEC assumed responsibility for 12 surface and 1 subsurface TAO sites between 137°E and 156°E, which established the TAO/TRITON array.  At the same time, JAMSTEC established 4 additional TRITON moorings along 130° and 138°E.  In 2012 JAMSTEC began to retire some TRITON sites in the Pacific.   At present 2 of the original TRITON surface sites are active at 0°-, 156°E and 8°N, 137°E.  In addition to the remaining 2 sites, JAMSTEC will continue to maintain an ADCP mooring at 0°, 156°E (not a formal TAO/TRITON site) and will deploy a new TRITON mooring at 13°N, 137°E (north of TAO/TRITON).

5.7
Research experiments 

Four TPOS 2020 experiments to be conducted over a 4 year period have been funded by NOAA.  These include:

· Enhanced ocean boundary layer observations on the TAO moorings

· Profiling Rainfall, Wind Speed, and Biogeochemical Sensors for Use in the Tropical Pacific Observing System

· Autonomous Surface Vessels as Low-Cost TPOS Platforms for Observing the Planetary Boundary Layer and Surface Biogeochemistry

· Development and Testing of Direct (Eddy Covariance) Turbulent Flux Measurements for NDBC TAO Buoys

PMEL conducted a multi-year (2008-2014) process study within RAMA with the addition of 9 subsurface ADCP moorings in the region spanning 2.5°N to 4°S and 78°E to 83°E.  After removal of some sites in 2014 to 2016, the array will continue with 3 ADCP sites in addition to those formally in RAMA. These three additional ADCP sites were re-deployed in 2017.
The Second International Indian Ocean Expedition (IIOE-2, 2015-2020) is in progress.  IndOOS, of which RAMA is a major component, will provide basin-scale, multi-year observations for IIOE-2.  IIOE-2 in turn presents an opportunity to complete and enhance RAMA. The Eastern Indian Ocean Upwelling Research Initiative (EIOURI) is a core contribution to IIOE-2. EIOURI related experiments will be conducted in 2017/2018 in conjunction with a Years of Maritime Continent cruises aboard Japan’s R/V Mirai and China’s R/V Xiang-Yang-Hong-01.

The IIOE-2 provides an exceptional opportunity for NOAA to contribute to this multinational campaign by deploying its Flagship Ronald H. Brown to the Indian Ocean for a multidisciplinary expedition from early February until the end of May 2018. Port calls in Goa India and Darwin Australia will coincide with the proposed 2nd NOAA-MoES Ocean Science and Ocean Observation Colloquium in Goa and additional opportunities to provide education and outreach. The NOAA Ship Ronald H. Brown multidisciplinary expedition to the Indian Ocean will consist of three primary cruise segments during its 100 days traversing the basin: 1) Global Ocean Ship-Based Hydrographic Investigations Program (GO-SHIP) I7N repeat hydrography line in the western Indian Ocean; 2) deploying three (3) new Arabian Sea moorings and servicing nine (9) existing moorings for the Research Moored Array for African-Asian- Austral Monsoon Analysis and Prediction (RAMA); and 3) contributions to the multinational Years of the Maritime Continent (YMC) field campaign to include enhanced oceanic and atmospheric observations across the Indonesian archipelago/seas for better understanding of the MJO and other phenomena with global impacts.

JAMSTEC tested the “Flux Glider” based on the Wave Glider in the coastal region of Japan (Okinawa), and in the western Tropical Pacific launched from Palau island in 2016 as one month test.  JAMSTEC will conduct another one month test in the Eastern Indian Ocean by leveraging the opportunity presented by the YMC campaign cruise in December 2017, and will conduct 3 months of observations in the western tropical Pacific starting in March 2018.  Two cruise proposals for two new process studies: Northen Edge of warm pool in 2018 and Eastern Edge of warm pool in 2019 (see the first report of TPOS2020) have been submitted by JAMSTEC.  These proposals have not yet been approved, but are still in the planning stages.  
5.8
Vandalism

Damage to buoys and theft of instrumentation continues to be a concern, especially at sites near areas of intense fishing activity such as the far eastern and western equatorial Pacific and equatorial Indian Ocean.   JAMSTEC has experienced increased vandalism to their TRITON moorings in the eastern equatorial Indian Ocean.  They suspect that a change in fishing method from long line to purse seine may be the cause, as moorings can be more susceptible to damage from nets compared to monofilament long line.  Analysis of data return confirms that data losses have increased in the area over the past 5 years.

Details and metrics of vandalism experienced in TAO/TRITON, PIRATA and RAMA are given in the DBCP Working Group on Vandalism Report.  Surprisingly, vandalism has abated significantly in the Gulf of Guinea in recent years relative to the late 1990s and early 2000s.  

5.9
Piracy

In addition to vandalism, well-publicized piracy events delayed RAMA implementation off Africa and in the Arabian Sea.  Prior to December 2015, Lloyds of London defined an Exclusion Zone (EZ) north of 12°S and west of 78°E in which additional premiums apply to insure commercial vessels. In response, Sea Marshalls were stationed aboard some RAMA cruises in 2012 and 2013.  South Africa would not permit the RV Algoa to enter the EZ in 2013.  Pirate attacks have diminished dramatically in the past several years, both in number and distance from Somalia. Lloyds reduced the area of the EZ by moving its eastern border from 78°E to 65°E in December 2015. Reported pirate attacks in the Gulf of Guinea have increased in number, exceeding those in the Indian Ocean.  While primarily occurring in nearshore waters and far from PIRATA moorings, these reports are of concern for future cruises that use ports in the region.
	
	2010
	2011
	2012
	2013 
	2014 
	2015 
	2016
	2017

	Indian Ocean

	Vessels Hijacked
	51
	27
	7
	0
	0
	0
	0
	2

	Vessels Boarded
	16
	17
	1
	0
	0
	0
	0
	1

	Vessels Fired Upon/ Attempted Boarding
	119
	122
	24
	9
	2
	0
	1
	2

	Gulf of Guinea

	Vessels Hijacked
	1
	19
	14
	11
	9
	2
	3
	1

	Vessels Boarded
	26
	41
	31
	26
	33
	29
	38
	27

	Vessels Fired Upon/ Attempted Boarding
	12
	26
	30
	43
	31
	41
	102
	17

	Kidnapping
	17
	18
	14
	32
	26
	25
	28
	23


Table of reported acts of piracy in the Indian Ocean and Gulf of Guinea from 2010 to 2017 (through 13 Sep 2017).  

Source: U.S. Office of Naval Intelligence.  http://www.oni.navy.mil/Intelligence-Community/Piracy/ 
5.10 
Publications

TIP data are used by many researchers worldwide.  The following are recent publications by TIP Principle Investigators and other research which draws upon TIP observations:  

Abe, H., T. Hasegawa, Y. Tanimoto, and N. Ebuchi, 2016: Oceanic Rossby waves over eastern tropical Pacific of both hemispheres forced by anomalous surface winds after mature phase of ENSO, Journal of Physical Oceanography (accepted).

Akira Nagano, Takuya Hasegawa, Iwao Ueki, and Kentaro Ando, 2017: El Niño–Southern Oscillation-time scale covariation of sea surface salinity and freshwater flux in the western tropical and northern subtropical Pacific, Geophysical Research Letters, 44, http://doi.org/10.1002/2017GL073573. 

Ando, K., Y. Kuroda, Y. Fujii, T. Fukuda, T. Hasegawa, T. Horii, Y. Ishihara, Y. Kashino, Y. Masumoto, K. Mizuno, M. Nagura, I. Ueki, 2017: Fifteen years progress of the TRITON array in the Western Pacific and Eastern Indian Oceans. J. Oceanogr., 73, 403-426. http://doi.org/10.1007/s10872-017-0414-4.

Benetti, M., H.C. Steen-Larsen, G. Reverdin, Á.E. Sveinbjörnsdóttir, G. Aloisi, M.B. Berkelhammer, B. Bourlès, D. Bourras, G. de Coetlogon, A. Cosgrove, A.K. Faber, J. Grelet, S. B. Hansen, R. Johnson, H. Legoff, N. Martin, A.J. Peters, T.J. Popp, T. Reynaud, and M.N. Winther, 2016: Stable isotopes in the atmospheric marine boundary layer water vapour over the Atlantic Ocean, 2012-2015, Nature Scientific Data, 4, 160128, http://dx.doi.org/10.1038/sdata.2016.128
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Ganachaud, A., S. Cravatte, J. Sprintall, C. Germineaud, M. Alberty, C. Jeandel, G. Eldin, M. Benavides, S. Bonnet, L.-E. Heimburger, J. Lefèvre, N. Metzl, S. Michael, J. Resing, F. Quéroué, G. Sarthou, M. Rodier, H. Berthelot, F. Baurand, J. Grelet, T. Hasegawa, W. Kessler, M. Kilepak, F. Lacan, E. Privat, U. Send, P. Van Beek, M. Souhaut, J. E. Sonke, 2017: The Solomon Sea: Its Circulation, Chemistry, Geochemistry and Biology Explored During Two Oceanographic Cruises, Elem Sci Anth 5,33., http://doi.org/10.1525/elementa.221. 

Goes, M., E. Babcock, F. Bringas, P. Ortner, and G. Goni, 2017: The impact of improved thermistor calibration on the Expendable Bathythermograph profile data. J. Atmos. Oceanic Technol., in press, https://doi.org/10.1175/JTECH-D-17- 0024.1.
Guimbard, S., N. Reul, B. Chapron, and C. Maes, 2017: Seasonal and interannual variability of the eastern tropical Pacific fresh pool. J. Geophys. Res., http://doi.org/10.1002/2016JC012130.
Hao, Z., M. A. Balmaseda, and K. Mogensen, 2017: The new eddy‑permitting ORAP5 ocean reanalysis: description, evaluation and uncertainties in climate signals. Clim. Dyn. 49, 791–811, http://dx.doi.org/10.1007/s00382-015-2675-1. 
Hu, S. and A.V. Fedorov, 2017: The extreme El Niño of 2015-2016: the role of westerly and easterly wind bursts, and preconditioning by the failed 2014 event. Clim. Dyn. http://doi.org/10.1007/s00382-017-3531-2.
Hu, Z.-Z., A. Kumar, J. Zhu, B. Huang, Y. Tseng, and X. Wang, 2017: On the shortening of the lead time of ocean warm water volume to ENSO SST Since 2000. Scientific Reports, 7, 4294. http://doi.org/10.1038/s41598-017-04566-z.

Imbol Koungue, R. A., S. Illig, and M. Rouault, 2017: Role of interannual Kelvin wave propagations in the equatorial Atlantic on the Angola Benguela Current system. J. Geophys. Res. Oceans, 122, 4685–4703, http://dx.doi.org/10.1002/2016JC012463. 
Jan, S., Y.J. Yang, H.-I. Chang, M.-H. Chang, and C.-L. Wei, 2017: New Data Buoys Watch Typhoons from Within the Storm. EOS Trans. Am. Geophys. Union, 98(7), 24-27. https://doi.org/10.1029/2017EO069821. 
Kako, S., A. Okuro, and M. Kubota, 2017: Effectiveness of using multisatellite wind speed estimates to construct hourly wind speed datasets with diurnal variations. J. Atmos. Oceanic Technol., 34, 631–642, http://dx.doi.org/10.1175/JTECH-D-16-0179.1. 
Karagali, I., J. L. Høyer, and C. J. Donlon, 2017: Using a 1-D model to reproduce the diurnal variability of SST. J. Geophys. Res. Oceans, 122, http://dx.doi.org/10.1002/2016JC012542. 
Kumar, A., C. Wen, Y. Xue, and H. Wang, 2017: Sensitivity of Subsurface Ocean Temperature Variability to Specification of Surface Observations in the Context of ENSO. Mon. Wea. Rev., 145, 1437-1446. http://doi.org/10.1175/MWR-D-16-0432.1.
Li, H., F. Xu, W. Zhou, D. Wang, J. S. Wright, Z. Liu, and Y. Lin, 2017: Development of a global gridded Argo data set with Barnes successive corrections. J. Geophys. Res. Oceans, 122, 866–889, http://dx.doi.org/10.1002/2016JC012285. 
Liu, C., R. P. Allan, M. Mayer, P. Hyder, N. G. Loeb, C. D. Roberts, M. Valdivieso, J. M. Edwards, and P.-L. Vidale, 2017: Evaluation of satellite and reanalysis-based global net surface energy flux and uncertainty estimates. J. Geophys. Res. Atmos., 122, 6250–6272, http://dx.doi.org/10.1002/2017JD026616. 
May, J., C. Rowley, and C. Barron, 2017: NFLUX satellite-based surface radiative heat fluxes. Part I: Swath-level products. J. Appl. Meteor. Climatol., 56, 1025–1041, http://dx.doi.org/10.1175/JAMC-D-16-0282.1. 
May, J.C., C. Rowley, and C.N. Barron, 2017: NFLUX Satellite-Based Surface Radiative Heat Fluxes. Part II: Gridded Products. J. Appl. Meteor. Climatol., 56, 1043– 1057, http://dx.doi.org/10.1175/JAMC-D-16-0283.1.
McGregor, S., A. Sen Gupta, D. Dommenget, T. Lee, M.J. McPhaden, and W.S. Kessler, 2017: Factors influencing the skill of synthesized satellite wind products in the tropical Pacific.  J. Geophys. Res. Oceans, 122, http://doi.org/10.1002/2016JC012340.
Nalli, N., C. Barnet, T. Reale, Q. Liu, V. Morris, J. Spackman, E. Joseph, C. Tan, B. Sun, F. Tilley, L. Leung, and D. Wolfe, 2016: Satellite Sounder Observations of Contrasting Tropospheric Moisture Transport Regimes: Saharan Air Layers, Hadley Cells, and Atmospheric Rivers. J. Hydrometeor., 17, 2997–3006, http://dx.doi.org/10.1175/JHM-D- 16-0163.1.
Ogata,T., M. Nagura, Y. Masumoto, 2017: Mean subsurface upwelling induced by intraseasonal variability over the equatorial Indian Ocean. J. Phys. Oceanogr. in press.
Rao, R.R., T. Horii, Y. Masumoto, K. Mizuno, 2017: Observed variability in the upper layers at the Equator, 90ºE in the Indian Ocean during 2001-2008, 1:zonal currents.  Clim. Dyn., 49, 1077-1105, http://doi.org/10.1007/s00382-016-3234-0.

Rao, R.R., T. Horii, Y. Masumoto, K. Mizuno, 2017: Observed variability in the upper layers at the Equator, 90ºE in the Indian Ocean during 2001-2008, 2:meridional currents.  Clim. Dyn., 49, 1031-1048. http://doi.org/10.1007/s00382-016-2979-9.

Valdivieso, M., et. al. 2017: An assessment of air-sea heat fluxes from ocean and coupled reanalysis. Clim. Dyn., 49, 957-982, http://doi.org/10.1007/s00382-015-2787-7.

Wang, Y. and M.J. McPhaden, 2017: Seasonal Cycle of Cross-Equatorial Flow in the Central Indian Ocean. J. Geophys. Res., 122, http://doi.org/10.1002/2016JC012537.
Xie, P., R. Joyce, S. Wu, S. Yoo, Y. Yarosh, F. Sun, and R. Lin, 2017: Reprocessed, Bias-Corrected CMORPH Global High-Resolution Precipitation Estimates from 1998. J. Hydrometeor., 18, 1617–1641, https://doi.org/10.1175/JHM-D-16-0168.1. 
Xue, Y., C. Wen, X. Yang, D. Behringer, A. Kumar, G. Vecchi, A. Rosati, and R. Gudgel, 2017: Evaluation of tropical Pacific observing systems using NCEP and GFDL ocean data assimilation systems.  Clim. Dan., 49, 843-868. http://doi.org/10.1007/s00382-015-2743-6.

__________________

Annex (optional)
Status maps and graphics
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