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Introduction

The CMO Weather Radar Network comprises six S-band Doppler radars, namely, the US-made radar in Jamaica, installed in 1999; and five German-made radars in Belize, Barbados, the Cayman Islands, Guyana and Trinidad and Tobago.  This network, along with other pre-existing radars in other Caribbean islands, provides the Caribbean with a modern sophisticated tool that complements other surface, upper-air and satellite-based weather observing platforms as part of the regional early weather warning system. 

The radars in the CMO Member States are critical infrastructure for weather surveillance, forecasts and warnings in the Caribbean.  The reliance on the system has been growing within and outside of the region and, under the auspices of the World Meteorological Organization (WMO), plans have been in place to integrate, in stages, the data from these radars with all other radars in the entire Caribbean basin as part of a larger weather surveillance system.  For a CMO-wide or the larger Caribbean-wide radar network to function properly, all radar-operating States need to work steadily to ensure reliability of their individual radar operations.  This document will examine the operational status of the CMO Radar Network Operations, as well as the operations of the regional radar mosaics/composites.


(a)	Status of CMO Radar Network 
Operational Status
3.	Radar data availability continued to be an issue for parts of the CMO radar network in 2019.  The easternmost of the radars, Barbados, which had a major outage in November 2016 that was only resolved briefly in November 2017, again had major issues that took the radar out of operations through 2018 and to-date. For a brief period in May 2019, the radar had mechanical functionality but that was short-lived.  Except for Jamaica, the other radars operated quite steadily throughout the year.  Sample images from the radars are shown in Figure 1.

4.	In the case of Jamaica, the project to replace its radar with a new S-band, dual-polarized Doppler radar is advancing towards a scheduled installation completion by August 2020. The contract for the replacement radar and a new tower was awarded earlier this year, with funding provided by the World Bank through a Pilot Program for Climate Resilience (PPCR) Project. The current radar has been out of service for about 20 months, first due to a defective part that needed to be sourced and then because of a software issue with the operations computer. The new radar will be in the same location as the current radar. Consideration was being given to eventually making the old radar available for research at the University of the West Indies Mona campus in Jamaica.
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Figure 1(b): Cayman Islands at 400 km () and 250 km () - Oct 2019
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Figure 1(c): Trinidad at 400 km () and 150 km () - Sep 2019 (TS Karen)
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Figure 1(d): Guyana at 400 km () and 250 km () - Oct 2019
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Website Access and Usability


All six Meteorological Services operate websites that provide access to their radar imagery, as follows:
Belize:			http://www.hydromet.gov.bz/
Cayman Islands:	http://www.weather.gov.ky/
Jamaica:		http://www.metservice.gov.jm/
Barbados:		http://www.barbadosweather.org/
Trinidad:		http://www.metoffice.gov.tt/
Guyana:		http://www.hydromet.gov.gy/
In addition, the CMO Headquarters website provides a link to all these sites through http://cmo.org.tt/links.html.

For the last few years, every Council has discussed the availability - or lack thereof - of radar imagery on the websites of the Meteorological Services in CMO Member States.  The Council noted that States that operate radars display their own radar imagery on their websites. However, the Council referred to the fact that radar information from all radars in CMO Member States are for the use of all States and not just for the States that operate them.  It pointed out that the radars, in almost all cases, cover several neighbouring States and that the entire Eastern Caribbean island chain, for example, was covered by several radars.  Council had thus requested the Meteorological Services in those States that are covered by a neighbouring radar to provide links on their own websites to the imagery from the radar or radars that cover their States.  A check by the CMO Headquarters indicated that, other than Barbados, only the Meteorological Services in Saint Lucia provides a link to the Eastern Caribbean radar composite loop, while Jamaica provides a link to the broader Caribbean Radar Composite from the Barbados Meteorological Service website.  Council may again wish to discuss this matter. 

In addition, Council may again wish to discuss the fact that the use of regional radar imagery was still not widespread by television stations and other media, even in the States where the radars are located or in neighbouring States.  As was the case over the last few years, an informal check of television stations in the Caribbean continued to show that radar loops form part of the weather presentations only in the Cayman Islands, Jamaica, Antigua and Barbuda, Dominica, and sometimes in Trinidad and Tobago.  It should be recognized that the use of radar loops, as with satellite loops, form a significant educational tool for the public.


(b)	Operations of the Regional Radar Composite and other Regional and International Obligations

For several years, the CMO Headquarters has made considerable efforts, in collaboration with the radar sites and WMO’s Global Telecommunications System (GTS) Internet File Service (GIFS) server in Washington, DC., to ensure that data from all the radar sites have been in the correct format and transmitted in a timely manner for ingestion into regional radar composites.  There have been two regional radar composites in operation.  The first is the composite system generated at the French Meteorological Service (Météo-France) centre in Martinique, which was developed through an agreement between Météo-France and the CMO.  The Météo-France composite normally includes radars from the Cayman Islands, Jamaica, Guadeloupe, Martinique, Barbados, Trinidad, Guyana and French Guiana.  That composite, with some radar data missing, is shown in Figure 2.  Guyana's data is missing from both composites due to internet connectivity issues preventing transmission of the data to the GIFS server.
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Figure 2:	Regional Radar Composite created by Météo-France (26 October 2019)

[image: C:\laing\cmo\cmc59\canvas.png]
Figure 3:	Regional Radar Composite created by Barbados (26 October 2019)

The second composite was developed separately by the Barbados Meteorological Service.  An example of the full composite (with some missing data) is shown in Figure 3, but sub-sectors are also available.  From a practical point-of-view, the Barbados-generated composite has become the more widely used composite regionally, including by the US National Hurricane Center in Miami, other Caribbean States (Figure 4), as well as airlines operating in the region.  Radar composites are a regional priority under the WMO Integrated Global Observing System (WIGOS) (see CMC58 Doc 5).  The CMO Headquarters has been asked several times by the WMO Region IV management and by the WMO WIGOS Project Office in Geneva about the sustainability of the Barbados-generated composite, since WIGOS is moving towards its operational phase in 2020.  As discussed during the last three Council sessions, the Barbados composite was not yet the subject of any formal arrangement or long-term commitment by Barbados, which is necessary for it to be part of WIGOS.  The CMO Headquarters believes that this excellent effort by the Barbados Meteorological Service should have firm national commitment and become an official service provided by Barbados.

[image: C:\laing\cmo\cmc59\radar_comp_Eng.png.jpg]
Figure 4:	Curacao display of the regional Radar Composite created by Barbados (26 October 2019)

In this regard, Council should note the importance placed by the US National Hurricane Center in Miami on the imagery, both individually and as a composite, from the weather radars in CMO Member States.  The Hurricane Center indicated that radar data from the Caribbean and neighbouring areas were extremely important in determining the evolution of the several tropical storms and hurricanes that moved across this region and also allowed them to provide additional position updates as the cyclones approached land.  The Hurricane Center encourages the Meteorological Services to continue to make radar imagery from the region available operationally via operational telecommunication systems or via the Internet.

The Region should be aware that, through participation in the NOAA Multi-Radar Multi-Sensor (MRMS), the full volume radar data from the Cayman Islands and Belize are being assimilated into the numerical weather models of the NOAA/National Centers for Environmental Prediction (NCEP).  This program benefits the region by improving the initial conditions in the NCEP models, such as the Global Forecast Systems (GFS) model, which are utilized by many Meteorological Services. MRMS develops specific products for transportation, hydrometeorology, and severe weather.  The original data received from individual radars are not shared outside of NOAA/NCEP.  The CMO HQ has been working with the MRMS project leaders to identify other potential collaborators as well as a mechanism by which CMO Member Services could receive training on the use of MRMS products in operations.

In addition and complementary to, the primary purpose of supporting severe weather forecasting and warnings, the CMO Radar Network has considerable potential for other scientific applications. The Council is asked to note approaches for better utilizing of Caribbean radars and archived data, including:

· Setting up easy access to the full data archives; more usage would increase benefit to the region.  For example, an archive of high-resolution radar rainfall estimates is valuable for understanding rainfall variability on the scale of small watersheds and provides improved flash flood guidance and knowledge of climatological extremes.  An archived dataset with the combined point accuracy of rain gauge data and the superior resolution of the full radar data would be a valuable regional resource.

· Maintaining effective radar scanning strategies to facilitate observation of the vertical structure of storm systems.  Such strategies allow, for example, the monitoring of indicators for damaging surface winds and flash floods.

It is also important to note that additional weather radars are expected be installed by other regional States over the next few years that will increase coverage over some parts of the region and provide coverage in areas not currently covered by radars.  One such example is the recently implemented radar network in the Bahamas (Figure 5), which when completed will cover the entire Archipelago, as well as portions of the Turks and Caicos Islands. The implementation of the Bahamas radar network was timely as it was used to monitor the inner core of major Hurricane Dorian and provide critical information about its intensity.  Initial discussions between the Bahamas and CMO Headquarters suggest that consideration will be given to integrating them into the regional composite.

[image: C:\laing\caribbean\dorian\canvas14.png][image: image.png]
Figure 5:	Radar reflectivity showing major Hurricane Dorian on 1 Sep 2019 (left). The Bahamas dual polarized C-band Doppler Weather Radar Network (right) 


(c) Operational Radar Working Group

The value of fully operational and reliable regional weather radars is evident from Sections (a) and (b) above.  It has been recognized in previous sessions of the Council that the CMO Member States operating radars could benefit from a working consultative process that would enable radar technicians and related IT personnel to share experiences and technical information. That knowledge exchange would minimize individual radar down-time and keep network operations at an optimal level. Such a mechanism would also assist management in planning preventative and other maintenance issues, and would enable management to be in a better position to meet their current and future regional and international obligations with regards to the provision of radar data.

The CMO Headquarters proposed to the 55th Council Session that it would establish a CMO Operational Radar Working Group to carry out these tasks.  Terms of Reference were provided.  Council approved the proposal to establish the Operational Radar Working Group.  Plans to establish the Working Group in 2017 were put on hold because one of the radars had a prolonged period out of service for technical reasons.  Given the protracted nature of the outages, it is best to move ahead with implementation of the Working Group, rather than wait for another extended period.  The CMO Headquarters therefore proposes that Council approves the updated Terms of Reference (Annex) and the initiation of the Working Group activities. 

(d) Upgrading CMO Radars to Dual Polarization

At the time when the Caribbean weather radar network was planned the technique of dual-polarization was in an emerging state. Today, the majority of radars being installed are equipped with dual-polarization capability, i.e., having both horizontally and vertically polarized beams.  Dual-polarization is now the operational standard in the US National Weather Service, after a series of upgrades. Indeed, the Cayman Islands radar, installed in 2013, has dual-polarization and the new radar to be installed in Jamaica will be a dual-polarized radar.  The advantages of dual-polarization, compared with current weather radars, are:

· the effective removal of non-meteorological echoes, typically called clutter; 
· significantly better quantitative rainfall estimates; 
· the differentiation between very heavy rain and hail, which will improve flash flood watches and warning; and 
· the potential to increase lead time for flash flood hazard warnings, because of greater confidence in polarimetric radar data

The CMO Headquarters is seeking the support of the Council to pursue funding for a capital project, with internationally-funded and tendered process, to obtain the necessary equipment to upgrade our radars to dual polarization.  As a precursor to that activity, the CMO Headquarters is coordinating with the CREWS Caribbean Project to conduct a feasibility study of the CMO Radar Network.

(e) Radar Spare Parts

Council is invited to revisit and make a decision regarding the funding of radar spare parts, beyond the warranty period.  Council is asked to recall the report from CMC49 (2009), Agenda Item 9 – CMO Weather Radar Project.  

“9.6	The Council took note of the fact that the CMO purchased a three-year warranty for each radar and that the warranty started at the date of the technical site acceptance.  During this period, the radar manufacturer will replace all spares and refund (pay) all shipping costs.

For the longer term, the Council recalled that, from the onset of this radar Project, it had decided that the Central Spares facility at CIMH would be operated on a supply and replace basis, so that if a radar site required any spares from the CIMH, which would normally be as an emergency, the CIMH would supply the component, and the Member State would pay the CIMH for the part so that the CIMH could purchase a replacement for the Depot.  In this regard, the Principal informed the Council that the CIMH had commenced the introduction of a computerized management system for the inventory of spares and access to and replacement of spares. The Director of the Barbados Meteorological Service proposed that the four radar host countries should contribute the sum of BDS $10,000.00 per year to a trust fund held by the CIMH for the purchase of spares and associated shipping costs.”

Funding is required for more consistent repairs of the radars.  Local meteorological services cannot always affect rapid repairs due to budget constraints, the sometimes-high cost of parts, and the unpredictability of failures. Setting up a fund and system for managing rapid repairs could eliminate many months of down time.  Some funding could be negotiated in exchange for data access; akin to the approach of National Meteorological Services in other regions.


Action Proposed to Council:

15.	The Council is invited to:

(i) Note the status of the weather radars in the CMO Member States;
(ii) Approve the updated Terms of Reference for the Operational Radar Group and initiation of the Group activities;
(iii) Reiterate its call for the Meteorological Service operating radars to fully publicize their websites; for all Services to provide a link on their websites to relevant radars and composite loops, and to work towards the greater use of live radar data by regional television stations;
(iv) Urge Barbados to make a formal long-term commitment to the regional radar composite that it developed and to ensure its availability for contribution to the regional components of the WMO Integrated Global Observing System (WIGOS);
(v) Encourage the Meteorological Service operating radars to participate in the NCEP Multi-Radar Multi-Sensor (MRMS) activities for the benefit of the region and the wider meteorological community;
(vi) Encourage the archiving and access to the full set of radar data for flash flood guidance, climate services, and other scientific applications;
(vii) Discuss and provide guidance on the matters related to upgrading the weather radars;
(viii) Discuss and decide on a plan for the funding of radar spare parts.
___________


CMO Headquarters
October 2019


TERMS OF REFERENCE
FOR
CMO OPERATIONAL RADAR GROUP (CORG)

The maintenance of the Caribbean Radar Network and management of the radar data requires skilled technicians, with the knowledge to implement calibration, preventative maintenance, and effective repairs in a timely manner. The CMO Operational Radar Group (CORG) is a mechanism for collaboration and exchange of knowledge and expertise on radar maintenance matters.

Function
1. The CORG will be charged with the responsibility of developing mechanisms for the sharing of operational weather radar data and scan schedules and strategies;
2. The CORG is charged with the development of a maintenance plan including mechanisms for the sharing of maintenance experiences.  The Appendix notes recommendations from a journal article and related survey of radar operators in Europe.
3. The group will be an advisory committee to CMO and Directors of Meteorology and will make recommendations on methods to improve the use of radar and standardization of practices, including appropriate scan strategies.
4. The group shall serve as a clearinghouse for operational weather radar data information.
5. It will assist Members to meet their obligations to non-forecast offices, by establishing methods and processes for the production and dissemination of radar imagery and information to the non-forecast offices.

Responsibility of CORG Members
· Members of the CORG must keep abreast with all technical material issued by the WMO under the WMO Integrated Global Observing System (WIGOS).
· Members should be aware of the warning system operations at the regional and local levels.
· Members shall keep their radar metadata updated on the WMO Weather Radar Database at http://wrd.mgm.gov.tr/default.aspx?l=en 

Composition of CORG
· Membership of CORG will be restricted to personnel from Meteorological Services that host a radar site within a CMO Member State.
· CORG will be comprised of a minimum of six (6) and maximum of twelve persons who are responsible for maintenance and operational usage of the radar. 
· The Principal of the Caribbean Institute for Meteorology and Hydrology shall nominate one (1) person for membership on CORG.
· Météo-France will be invited to participate in all meetings of CORG.
· The Chairman and Vice-Chairman will be elected from the members of CORG, who are nominated by the Directors of National Meteorological Services.
· The Chairman will demit office after a period of two (2) years.  The Vice-Chairman will supersede the Chairman and a new Vice-Chairman shall be elected from the members of the Radar Group.
· The Science and Technology Officer, CMO will serve as CORG coordinator and Secretary.

Meetings and Exchange of Information
· Normal communication between the members of CORG will be through electronic mail and teleconferencing.
· The initial meeting of the nominated members of CORG will be either virtually or at the CMO Headquarters in Port of Spain, Trinidad and Tobago.
· Meetings of the CORG will be held at the CMO Headquarters or another agreed location every two (2) years, unless funds allow for annual meeting.
· The Chairman of the Radar Group will submit a written report to the Annual Meeting of the Directors of Meteorological Services. 

Data archiving and sharing
· The CORG will need to collaborate with IT personnel in each radar operating Member State to ensure archiving and availability of the radar data for multiple scientific uses, including climate services. 
___________


APPENDIX

Excerpt from "Maintenance keeps radars running" (Saltikoff et al. 2017):

"... different countries operating the same type of radars to join forces to maintain a common spare part pool. Exchange of knowledge, and sometimes even spare parts, is already happening within the community. 

It is clear that within the European operational weather radar community each member has its own maintenance procedures, which are quite diverse. However, it is also true that many common requirements apply, providing the opportunity for closer cooperation and discussion on operational radar maintenance practices in Europe and beyond. Our analysis of the OPERA radar maintenance survey has highlighted several take-home messages for radar operators at large:

· It is extremely important to take infrastructure, maintenance, and monitoring into account when purchasing a new radar. It is recommended that these aspects are explicitly budgeted. This will avoid a lot of frustration of having a radar network but not being able to use it to its full potential.

· Monitor the radar constantly, invest in infrastructure, recruit wisely, and work together to exchange information, as happens in the OPERA community.

· Annual operative costs of a radar network are typically on the order of 5%–10% of the radar purchase price. During the lifetime of a system (typically 10–20 years) the operator can hence pay as much for the running costs as for the hardware purchase. Despite this, the policies and practices of radar maintenance have not yet been discussed very widely in the international radar community.

Platforms for collaboration between radar operators, such as the OPERA network, enable members not only to exchange knowledge and expertise on weather radars but also to benefit by pooling resources in areas of common interest. Such networks provide a useful template for cooperation between the wider meteorological radar community on its radar maintenance matters..."


Reference

Saltikoff, E.; Kurri, M.; Leijnse, H.; Barbosa, S.; Stiansen, K. Maintenance keeps radars running. Bull. Am. Meteorol. Soc. 2017, 98, 1833–1840.
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