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Introduction

1.
The CMO Weather Radar Network now 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- and satellite-based weather observing platforms as part of the regional early weather warning system.  
2.
The radars in the CMO Member States have a significant impact on weather surveillance, forecasts and warnings in the Caribbean.  The reliance on the system has been growing within and outside of the region with requirements for the radar data to become integral to a wider Caribbean system under the auspices of the World Meteorological Organization (WMO).  There are still some technical issues that need to be ironed out before the overall system works perfectly.  This document will examine the operational status of the CMO Radar Network Operations, including the Cayman Islands Radar, as well as the operations of the Regional Radar Mosaic and other International obligations.
(a).
Status of CMO Radar Network Operations
Operational Status
3.
2014 was a mixed year for the operations of the radar network.  The radars in Belize, Grand Cayman, Barbados and Trinidad worked steadily during 2014, with short maintenance stoppages in Trinidad.  Jamaica and Guyana radars had significant periods of “down-time” for maintenance in the second half of the year.  The CMO Headquarters was informed that Jamaica was considering acquiring an additional radar or replacing the existing radar with a new unit.  The CMO provided some preliminary technical assistance to assist in its decision-making.  The new radar in the Cayman Islands provides some coverage over Western Jamaica.  Some sample images from the radars, from the west to the east, are shown in Figure 1.  Data from these radars can also be augmented by data from other neighbouring radars, such as the French, Cuban and Venezuelan radars. 
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Figure 1(a): Belize at 400 km (() and 250 km (() - Oct 2014
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Figure 1(b): Cayman Islands at 400 km (() and 250 km (() - Oct 2014
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Figure 1(c): Jamaica at 480 km (() and 240 km (() - Oct 2014
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Figure 1(d): Barbados at 400 km (() and 250 km (() - Oct 2014
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Figure 1(e): Trinidad at 480 km (() and 240 km (() - Oct 2014
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Figure 1(f): Guyana at 400 km (() and 250 km (() - Oct 2014
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Website Access and Usability:

4.
All six Meteorological Services operate Websites that provide access to the 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/
5.
Previous sessions of the Council discussed the products generated by the radars, the usefulness for different sets of users, the availability of radar imagery on the above websites, etc.  The Council had been encouraging greater publicity for the websites and improved user-friendliness for the public and special users, particularly disaster management agencies and the aviation sector.  The CMO Headquarters routinely reviews the websites and continues to note the lack or insufficient use of radar data by regional television networks.  Television weather presenters often refer to the local weather conditions without reference to the available radar imagery and which sometimes clearly differ from the radar information.  It should be noted that the operations of the regional radars are for the use of the entire region and not just for the Member States that operate them.  In other words, the radars, in almost all cases, cover several neighbouring States so that the use of radar imagery by the media should become widespread through the region and not only by media or other entities in the States where the radars are located.  An informal check of television stations among the islands has shown that radar loops form part of the weather presentations only in the Cayman Islands, Jamaica, Antigua and Barbuda and Dominica.  In addition, disaster managers and the media, in particular, should be made aware that, because several of the radars overlap, another radar could be utilized in some instances when the regular one may be temporarily unavailable.  
6.
In this regard, it is again strongly recommended that each Meteorological and Hydrometeorological Service operating radars make use of the local media to publicize the existence of their websites in general and the availability of the radar images, and for Services in neighbouring islands to provide their public and media with links to the websites of the radars that cover their States, or even to provide special radar packages for television weather presentation.  
(b).
Operations of the Regional Radar Composite and other Regional and International Obligations
7.
With the inclusion of the Cayman Islands radar in 2013, the regional radar composite now appears as shown in Figure 2 (excluding the Dominican Republic radar).  The radar at the eastern end of the Dominican Republic has not been operational for some time, but hopefully it could be added in the future, along with the radar in Puerto Rico.  The functioning of this composite is highly dependent on the telecommunication protocols being followed carefully and the radar content following agreements.  It should be noted that not all the radars in CMO Member States have been able to maintain consistent and timely transmissions to the composite system at the French Meteorological Service (Météo-France) centre in Martinique via WMO’s Global Telecommunications System (GTS) Internet File Service (GIFS) server in Washington, DC.  
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Figure 2:
Regional Radar Composite resulting from CMO/Météo-France collaboration
8.
Figure 3 shows a sample of the composite, without all radars.  It must also be borne in mind that there is also an international obligation for the regional radar data to be available to the US National Hurricane Center (NHC) as part of the regional Hurricane Operational Plan.  Operational password-driven access to the Météo-France Composite is available through Météo-France’s SHERPA Extranet site http://www.meteo.fr/extranets/ or without password through http://www.meteofrance.gp/.  Individual radars for Guadeloupe, Martinique and French Guiana are now only available via the SHERPA site.
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(c).
New MOU with Météo-France and Input to WIGOS Regional Implementation Plan
9.
The radar composite formed by the radars in the French Departments of Guadeloupe, Martinique and French Guiana, along with those in the CMO Member States, was established through a Memorandum of Understanding (MOU) between Météo-France and the CMO in 2009.  The period of the MOU was five years, thus ending in 2014.  The MOU makes provision for a renewal, stating that “Four and one half (4.5) years from the Starting Date, or earlier if agreed, the Parties shall enter into negotiations for a renewal of this Memorandum for a further five (5) years”.  The CMO and Météo-France have thus started discussions in this regard.  Council is asked to endorse the principle of a new MOU between CMO and Météo-France, which would be an update of the earlier MOU.  The CMO Headquarters will provide the negotiated MOU to the CMO Member States that operate weather radars for their comments and agreement before it is signed.  
10.
As a back-up to the Météo-France composite, the Barbados Meteorological Service has also created a similar regional radar composite (Figure 4), available in sectors through its Webpage at: http://www.barbadosweather.org/BMS_radar_Composite.php.  Depending on the views of the Council, the Barbados-created composite could form part of the Météo-France/CMO Memorandum, subject to a formal long-term commitment by Barbados and agreements with Météo-France, especially as this would also contribute to the Regional Implementation Plan of the WMO Integrated Global Observing System (WIGOS).  


[image: image2]
Figure 4: Sample of a 3-radar Composite generated by Barbados

(d) Training Issues
11.
Council will recall the 13.2 million Euro CMO Weather Radar Project, funded by the European Union through the Caribbean Forum of ACP States (CARIFORUM) and implemented by the CMO between 2004 and 2009.  Under this major Project, the large Radar Meteorology Training Programme had been eliminated by the funding agency.  This was a very major element in the Project to provide training in the interpretation of radar data to the meteorological staff that operate and utilize the radars.  Initially, the CMO Headquarters considered seeking funds for a scaled-down training programme, but it subsequently became evident that a scaled-down programme may not adequately meet the needs of the region.  
12.
A new look during 2014 at various training options suggests that a tailored training scheme could be mounted for the staff at the six radar location.  Considerations are being given to the use of the training facilities at the CIMH for portions of the training, with another portion to be conducted at the radar sites themselves, or conducting the entire training at the radar sites. The CMO Headquarters has therefore been exploring the possibility of carrying out this radar training under another regional project, such as the Finland-funded SHOCS-II Project (see CMC54 Doc 10).  If funds are available, consideration will also be given to some training for technicians.  The Meteorological Services will need to work very closely with the CMO Headquarters in 2015 to make these proposals come to fruition. 

(e).
Dual Polarization of Radars
13.
Doppler radars can be divided into several different categories according to the wavelength of the radar.  The different bands are L, S, C, X, and K: 

L-band radars operate on wavelength of 15-30 cm; frequency 1-2 GHz.

S-band radars operate on a wavelength of 8-15 cm; frequency 2-4 GHz.

C-band radars operate on a wavelength of 4-8 cm; frequency 4-8 GHz.
X-band radars operate on a wavelength of 2.5-4 cm; frequency 8-12 GHz.

K-band radars operate on wavelength of .75-2.5 cm; frequency 12-18 GHz & 27-40 GHz

Most modern operational weather radars operate in the S- and C-bands (10 and 5 cm).  The choice of operating wavelength depends on the intended use. 

14.
Radar signals at the shorter wavelengths experience significant signal attenuation (weakening) in heavy precipitation.  Because of the wavelength and frequency, S-band radars are not easily attenuated in the atmosphere or in heavy weather; that is, this bandwidth is the least susceptible to attenuation caused by rainfall.  This makes them very useful for near and far-range weather observations (typical ranges 300-500km).  S-band weather radars are thus primarily utilized for the observations of severe storms and hurricanes in the tropics (the radar can see beyond a severe storm) and on islands or coastlines where there are no other observations for a great distance.  The only apparent drawback to the S-band radar is that it requires a large antenna dish and a large motor to power it, making it more expensive than other radars.
15.
On the other hand, the shorter wavelength C-band radars are known to experience significant attenuation in heavy precipitation, particularly as distance increases.  Therefore, because the signal is more easily attenuated, C-band radars are best used for short-range weather observation (typical ranges 200-250km) and in areas of great multiple radar coverage over a large area.  The frequency allows a C-band radar to create a smaller beam width using a smaller dish and also does not require as much power as an S-band radar.
16.
For these reasons, the Mitsubishi-made weather radars in the old CMO radar network from the 1970s, as well as the existing Jamaica radar and all the new radars installed by the CMO under the EU-funded projects, are 10cm S-band radars.  With the exception of the Cayman Islands radar, these radars operate with a horizontally polarized beam. 

17.
A weather radar’s prime purpose is to detect weather targets (raindrops, hail, ice).  However, radars also detect non-meteorological objects; that is, any other target which is able to return some of the transmitted energy.  Echoes from these non-meteorological targets are typically called clutter.  Clutter can result from the land surface, the sea surface, buildings, aircraft, insects, birds, etc.  The single-polarized (non dual-polarized) weather radars are equipped with a specific software filter to eliminate the clutter signals.  However, the performance of these filters can be insufficient, especially in case of heavy clutter from the sea surface.  
18.
Over the last decade or two, there has been considerable research into the use of dual-polarized radars; that is radars with both horizontally and vertically polarized beams.  Many of the research studies show advantages of dual-polarization radar for rainfall estimation and radar echo classification.  The technique of dual-polarization has been emerging quite steadily.  One of the major advantages for the tropical areas is the ability to effectively remove the non-meteorological echoes – or clutter.  Grand Cayman Island is very flat and very small, so that large scale sea clutter would be the most likely result with a single-polarized radar.  For this prime reason, the CMO decided upon a dual-polarized S-band radar for the Cayman Islands.  Since it began operations early in 2013, the dual-polarized Cayman radar has been producing virtually clutter-free data.  Another major advantage of a dual-polarized radar is that quantitative estimation of rainfall intensities, especially in case of torrential rains, is significantly more precise than with a single-polarized radar.  This is particularly useful on islands where, because of the small size, it is difficult or impossible to have a rain gauge network large enough to provide ground-truth of rainfall amounts.

19.
The number of C-Band and S-Band radars equipped with dual-polarization capability is increasing around the world.  It is quite likely that, in the near future, dual-polarization will become the operational standard.  Over the next year or two, the CMO Headquarters, in collaboration with the CIMH and the NMHS operating radars, will review as much of the data as possible from the radars in the CMO Radar Network to determine which radars, if any, would benefit from an upgrade to dual-polarization in the future.
Action Proposed to Council:

20.
The Council is invited to:

(i) Note the status of the weather radars in the CMO Member States;

(ii) Reiterate its call for the Meteorological Service operating radars to fully publicize their Websites, and for all Services to work towards the greater use of live radar data by regional television stations;
(iii) Urge the urgent resolution of all technical issues for the proper operations of the regional radar composite and the access to radar data by special users, such as the US National Hurricane Center;
(iv) Endorse the principle of a new MOU between CMO and Météo-France to be concluded following input and agreement by the CMO Member States operating the radars; 
(v) Support the Headquarters’ efforts to organize a radar training programme;
(vi) Support the proposal to determine which radars, if any, would benefit from an upgrade to dual-polarization in the future.
___________

CMO Headquarters

October 2014
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Figure 3: Regional radar composite with 7 radars
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Figure 1(a): Cayman Islands at 400 km 








[image: image22.png]


[image: image23.png]CAPPI (dB2)
17:00 / 24-Oct-2014
Philip Goldson Airport

-'E"‘“’"E
-.mmm
\ strong

-»Mudevme
s Weak
PdfFile: 250km_2km.cappi

Cluteer Filter: - Doppler Num 10
Time sampling20

. PR s00mz
e Ranges  250km
i ¢ Resoluton; 1000 knpixel
- Height: 2.000 km
Agtpe:  PCAPPI
CAPPI Range: 9 km o 124 kn
Data Radar Daa

Rainbow® Gematronik.




[image: image24.png]1500 g —
£ . l.s0.0° Rg.0° .33 0% .30 . PPI (d
3500kn 4-Oct-2014
3000km
200 200"
2500kn
2000
2 150
e TS0k
»
4 Too. 68
E
biet = soioind 50 ong
I d i
e -
1701
" i
;-
Togidlka, .
160 - P dakasosin 60+
200, A\
s £s - [
& Rainbo o
1405 . d . A J




_1069830072.doc



