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APPENDIX 1. CONTRIBUTION FROM RSMCS AND TCWC
RSMC La Réunion
How Météo-France contributes to tropical cyclone monitoring in the South-West Indian Ocean:
History and achievements of the Regional Specialized Meteorological Centre for Tropical
Cyclones in La Réunion
Designation of a Regional Specialized Meteorological Centre for Tropical Cyclones in the SouthWest Indian Ocean
The WMO Executive Council, at its forty-fifth session, in June 1993, designated the MétéoFrance regional office in La Réunion as the Regional Specialized Meteorological Centre for
Tropical Cyclones (RSMC-TC). A team of tropical cyclone forecasters dedicated to the RSMC,
both for operational activities and for research and development, was thus established by
Météo-France at its regional office in La Réunion. It consists of six senior forecasters working
under the supervision of a team manager who acts as the operational head of the RSMCTropical Cyclone Warning Centre (originally staffed with five cyclone specialists, when the
RSMC was set up, the team will grow further in 2021, with the addition of a seventh tropical
cyclone forecaster). The service is organized in such a way as to enable the 24-hour
deployment of one (or two, during critical periods) senior forecaster(s) dedicated to the
monitoring, tracking and forecasting of tropical (or subtropical) low systems occurring within
the RSMC's area of responsibility.
The initial area of responsibility (AoR) of the RSMC encompassed the tropical and subtropical
areas of the South-West Indian Ocean from 05°S to 30°S and west of 90°E to Africa, thus
including the Mozambique Channel. The AoR was extended northward and southward in 2003
to cover the waters from the equator to 40°S.
The primary mission of the RSMC La Réunion is to provide appropriate guidance information
(analyses, forecasts, prognostic reasoning, etc.) to the 15 Members of the Regional
Association I (RA I) Tropical Cyclone Committee (Botswana, Comoros, Eswatini, France, Kenya,
Lesotho, Madagascar, Malawi, Mauritius, Mozambique, Namibia, Seychelles, South Africa,
Tanzania, Zimbabwe) for all the tropical low systems occurring within its area of responsibility.
However, beyond this fundamental operational function, the RSMC also plays the role of
regional focal centre for all the other activities conducted in the field of tropical cyclones, such
as training and research and development. Furthermore, the International Civil Aviation
Organization (ICAO) has designated the RSMC La Réunion as its Regional Tropical Cyclone
Advisory Centre, with the role of assisting the Meteorological Watch Offices (MWOs) for
aviation of the whole region in the preparation of SIGMET messages for tropical cyclones.
Beyond its regional functions, the RSMC La Réunion also plays a leading role, as Météo-France
focal point, in tropical cyclone activities, bearing in mind that France owns territories prone to
tropical cyclones in three oceans (the French West Indies in the Caribbean Sea, La Réunion
and Mayotte Islands in the South-West Indian Ocean, French Polynesia, New Caledonia and
Wallis and Futuna in the South Pacific).
1991–2020: from "prehistory" to the modern era of tropical cyclone forecasting
The designation of La Réunion centre as RSMC/Cyclones spurred Météo-France to develop its
capacity in the Indian Ocean, leading La Réunion forecasting service into the modern era. To
honour its commitments, particularly that of fulfilling the terms of reference that it had agreed
to in order to become RSMC/Cyclones, the Directorate General of Météo-France deployed in a
very short time significant human and especially technological resources which led La Réunion
meteorological centre into a new era. In a couple of years, the centre went from prehistory to
the digital era.
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The first revolution, probably the most spectacular, was the purchase in 1991 of an HRPT
station for the acquisition and visualization on computer workstations of images from TIROS
polar orbiting satellites. Gone were the black and white prints from a basic APT WEFAX
receiver, which provided roughly georeferenced images on which the cyclone analysts
struggled to manually find the centre of the low-pressure system (superimposing the image on
a Lat/Lon grid printed on a transparent plastic sheet) before estimating, again manually, its
intensity. Now there were digital images that could undergo specific treatment (such as colour
composites combining visible and infrared channels, or infrared images to which a palette of
colours within specific temperature ranges could be applied so that they could be analysed with
the Dvorak technique of enhanced infrared imagery) and specific tools superimposed
(logarithmic spiral, land surveying instruments, etc.). For the cyclone forecasters of that time,
it was like moving in a flash from the stone age to the iron age.

Firinga
28/01/1989
Another pivotal year was 1998, which marked the beginning of the geostationary era at La
Réunion RSMC/Tropical Cyclones. Following the stationing of the European satellite Meteosat-5
over the Indian Ocean (initially as part of the INDOEX international measuring campaign), it
became possible to ensure the continuous operational acquisition of images from a
geostationary satellite covering the whole basin. The year 1998 was thus decisive in bringing
the South-West Indian Ocean to the same level as the other cyclone basins in terms of satellite
observations. The colossal increase in the frequency of acquisition of satellite images and the
resulting huge volume of available imagery have led to a major improvement in observations
and to a revolution in the follow-up of cyclonic disturbances in the basin.
In 1998, the RSMC La Réunion also saw its second digital revolution, after the first one in
1991: the “Internet revolution” which led the Centre into the cyber era. The arrival of the
Internet at the RSMC gave forecasters access to a previously unheard-of range of satellite
products. Most came from satellites that were initially designed for research but were rapidly
used for operational purposes (even though their products are generally only available with a
certain delay) because they demonstrated an unequalled capacity to investigate the internal
structure of low-pressure tropical systems. The use of microwave imagery from radiometers
(then SSMI, AMSU and TRMM) in specific frequency ranges has radically transformed the
analysts’ view of the life cycle of cyclonic phenomena, particularly changes in structure and
intensity. They were now able to refine their analyses or to routinely observe processes
previously unobservable, such as eyewall replacement cycles in mature cyclones.
The integration into the analysis of ancillary observational data, mainly microwave images and
scatterometer wind measurements, has led to a new significant qualitative step forward: it has
helped to locate more precisely the low-pressure centres; it has provided more reliable
estimates of structural data such as maximum wind radius and wind extent quadrants; and it
has helped to refine estimates of the intensity of phenomena, even though this still relies
mainly on the Dvorak technique.
4

Review for the Forty Years of WMO Tropical Cyclone Programme (1980–2020)

In parallel with a better quality of cyclone analyses, an improvement in forecasts was also
observed. While cyclone analyses benefited from a sharp increase in the volume of available
observational data, from the modernization of visualization tools and the refinement of
analytical techniques, forecasting also benefited from a greater volume of satellite
observational data assimilated by numerical models, and from successive technological
developments, thanks to the increasing power of supercomputers.
Once again, Météo-France made significant investments to raise the RSMC La Réunion to the
level of those forecast centres that could use the best numerical simulations available in
cyclone forecasting. In 2001, a uniform resolution version of the French model ARPEGE,
adapted to tropical oceanic regions (called ARPEGE Tropique) was implemented. Its 4D-Var
analysis was adjusted to cyclone forecasting for the assimilation of satellite data and also
includes cyclone synthetic forcing (bogus).
Every development in numerical cyclone forecasting has scientific follow-up and is partly
guided by the Cyclone Research Unit (CRU) that was set up in 1998 and established in the
premises of the RSMC La Réunion to support its operational activities.
Establishing mesoscale models in the South-West Indian Ocean
The Cyclone Research Unit initially worked on global models, but from 2004 it has increasingly
focused on mesoscale models, with a limited-area operational model called ALADIN-Réunion
(implemented in 2006), a version of the European ALADIN but geared to cyclones, with a
10 km horizontal resolution (8 km in 2010, moving at the same time from 60 to 70 vertical
levels). For its research activities, in high resolution, the CRU used a non-hydrostatic model,
MESO-NH, with a 1 km resolution. The optimization of the assimilation algorithms and the
impact of observations are part of the research activities carried out with ALADIN-Réunion,
whereas MESO-NH was used for research on the internal dynamics of tropical cyclones and to
study related aspects, such as the cyclones’ interaction with relief.
At the beginning of 2006, the CRU joined a Mixed Research Unit which brought together the
French National Centre for Scientific Research (CNRS)/La Réunion University and Météo-France
in the Atmosphere and Cyclone Laboratory (LACy). This makes for closer collaboration with
researchers in the region and at national level.
In the mid-2000s, ensemble predictions, such as those of the European centre model (EPS),
followed by those issued by the French ARPEGE (PEARP) were beginning to attract greater
attention, as a means of anticipating cyclogenesis and assessing the uncertainty of cyclone
forecasts (hence their degree of reliability).
A major step in this area was the development, followed by the operational implementation in
2011, of an innovative product: un uncertainty cone around the RSMC official forecast
trajectory based on the spread of the ensemble prediction (EPS). The RSMC La Réunion was
then the first centre of its kind to propose such a dynamic product, which reflects the real
uncertainty of each individual trajectory forecast.
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A significant reduction in the size of the uncertainty cone in a storm with high
predictability (TC Giovanna) when using a probabilistic EPS-based cone
left: RSMC forecast of 09/02/2012 at
12 UTC with climatological uncertainty
cone

right: RSMC forecast of 10/02/2012 at 00 UTC –
observed track in black, compared to a simple
climatological uncertainty cone based on averaged
track prediction errors

After 10 years of reliable service, ALADIN-Réunion, the limited-area model specifically devoted
to cyclone forecasts, was decommissioned in 2016, since its 8 km horizontal resolution no
longer offered added value compared to global models, whose horizontal resolution was now
comparable. It was replaced by a new limited-area very high resolution model (2.5 km
horizontally and 90 vertical levels) called AROME-Indien, which covered most of the RSMC La
Réunion area of responsibility and the basin’s main inhabited zones. In operational service
since the end of 2015, AROME-Indien is a “tropical” version of the AROME model used in
mainland France since 2009.
Coupled with the IFS model of the European centre, AROME-Indien has an explicit resolution of
convection, clearly a decisive factor for a better representation and forecasting of cyclones.
Even though the model is operational in four other areas covering the French overseas tropical
territories, the area covered by AROME-Indien is by far the widest, thus benefiting from the
largest share of computation time allocated on the Météo-France supercomputer based in
Toulouse. This is because of the support given by the institution to the international
responsibilities of the RSMC/Cyclones in La Réunion.
In 2016, an improved version of this model included a 1D coupling with the ocean (AROMEIndien thus became the first atmospheric model of Météo-France coupled with the ocean),
resulting in a much better performance in terms of forecasts of changes in cyclone intensity
and structure, as well as forecasts of related precipitation.
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AROME-Indien is essentially designed for short-term forecasts, with a particular focus on
impact. Thanks to its high resolution, this model can better reveal, for example, the local
impact of relief, a decisive element especially in the forecast of precipitation on a mountainous
island such as La Réunion.

Geographical domain of the AROME-Indien model (left) and orography.
Eyewall replacement cycle (ERC) simulated by AROME-Indien for TC Fantala (April 2016)
with radar reflectivity displayed (right)
Taking full advantage of developments in numerical forecasting, the RSMC in La Réunion
gradually extended the range of its forecasts; the temporal range of its trajectory and intensity
forecasts was extended from 48 to 78 hours in 2003, and up to 120 hours at the beginning of
2010. It is worth noting that a 5-day forecast today (in 2020) is as good as a 48-hour forecast
20 years ago (2000), which shows just how much progress has been made in a rather short
period of time.

The extension of possible ranges is now available also in secondary but vital categories of
forecast, such as cyclogenesis forecasts (where developments in numerical models have
perhaps been most spectacular) which have been extended to 5 days. Processed and
7
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disseminated daily, they have become more visible since 2016 through the creation of a chart
monitoring the risk of cyclogenesis, a graphic product available on Météo-France websites.
Next steps and challenges
Cyclone Idai, which caused massive devastation in south-eastern Africa in 2019, in spite of
forecasts which were almost perfect long before landfall on Mozambique, reminded us that
tropical cyclones are extreme events that require a high level of awareness and preparedness
to mitigate their consequences. One also needs to consider that climate change will result in
sea-level rise, which will exacerbate the vulnerability of coastal areas exposed to tropical
cyclones in the coming decades, while it may also induce a poleward extension of areas prone
to tropical cyclones. Thus the provision of early and well-integrated warning services for
tropical cyclones, and enhanced regional cooperation between the RSMC and the National
Meteorological and Hydrological Services (NMHSs) of the South-West Indian Ocean area are –
more than ever – a critical issue.
A lot of progress has been made over the last decade but innovation and integration of users’
needs are vital to keep improving our services and to disseminate fit-for-purpose information
for the populations. The time has come for a paradigm shift where more focus is placed on
integrated impact-based forecasts rather than on TC track and intensity forecasts.
The priority for the years to come will be to rethink and improve RSMC’s products in order to
better describe the potential impacts of tropical cyclones. Statistico-dynamical wind radius
forecasts, probabilistic storm surge forecasts and risk maps of coastal inundation will be the
preferred paths considered; improved representation of the corresponding uncertainty will be
sought in parallel, through the implementation of a refined version of the dynamical cone of
uncertainty around the official track forecast, the addition of a new cone of uncertainty around
the intensity forecasts, or the provision of strike probability maps of wind threshold
exceedance, in order to deal with major uncertainties regarding impacts, especially for Small
Island States.
Strengthening cooperation with partners within the meteorological community (RA I Tropical
Cyclone Committee, RSMC Pretoria), and establishing further links with the disaster risk
reduction (DRR) community and the humanitarian network (European Commission’s
Emergency Response Coordination Centre, Red Cross, African Risk Capacity) are also key
challenges. The main goal is to develop useful services for better humanitarian preparedness
while integrating feedback about local impacts and improving the usefulness of the guidance
provided, through close cooperation with the NMHSs to build resilience in the Indian Ocean.
Thirty years of tropical cyclones in the South-West Indian Ocean
Since 1993, when it took up its official role as RSMC/Cyclones for the South-West Indian
Ocean, the RSMC La Réunion has had to manage 272 tropical storms and cyclones, some of
which have marked the history of the basin.
It started off with the spectacular 1993/1994 season and its 15 named systems, ten of them
cyclones, three of which reached the very intense tropical cyclone stage – a record for the
season – and with an annus horribilis for Madagascar, whose east coast was hit by four mature
cyclones, including Geralda, which devastated the port city of Toamasina.
Several other memorable cyclones punctuated the following 27 seasons, among which we can
name:
•

Hudah and Eline in 2000, both of which struck Madagascar and then Mozambique,
each time at the cyclone stage, with Eline causing a major catastrophe in
Mozambique;
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•

Dina, in 2002, which severely affected the sister islands of Maurice and La Réunion,
even if they were spared the direct impact of the cyclone;

•

Manou, in May 2003, which was the latest in a cyclone season to affect an area of
the basin (Madagascar);

•

The very intense Cyclone Gafilo, in 2004, which struck Madagascar, was exceptional
for its intensity and the extent of its low-pressure circulation. Nor should one forget
the gigantic Gamede, in 2007, which held La Réunion in its grip for more than five
days, with colossal downpours inland, establishing new world precipitation records;

•

The very intense Cyclone Hellen, in 2014, the most intense cyclone recorded in the
Mozambique Channel which had an incredible life cycle and an “up and down” of
unprecedented intensity;

•

Fantala, in 2016, the only cyclone to strike a territory in the basin (the Farquhar
atoll in the Seychelles) at the stage of very intense cyclone with an incredible track;

•

The record 2018/2019 season and its eleven cyclones, 10 of which were classified
as intense, including two (Idai and Kenneth) which made landfall on the
Mozambican coast (a first in living memory). Idai caused the worst natural disaster
experienced in Southern Africa since the beginning of the century.

In its 27 years of existence, the RSMC La Réunion has seen many major events, but one of
them is absolutely unique and deserves to be mentioned: in November 2010, La Réunion
hosted in a hotel on the island’s west coast the seventh edition of the International Workshop
on Tropical Cyclones (IWTC). Organized by Météo-France and the RSMC, the workshop brought
together 120 participants, researchers and forecasters from 40 countries. It was the first time
that this four-yearly event was held in the Indian Ocean, and the only time that it was held and
organized by an RSMC.
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RSMC Miami and RSMC Honolulu
During its 40 years of existence, the WMO Tropical Cyclone Programme (TCP) has led
improvements in regional warning systems and greatly increased collaboration within both the
ESCAP/WMO Typhoon Committee (TC), and the Regional Association IV (RA IV) Hurricane
Committee (HC). As a Member nation that has designated forecast responsibilities for these
Regions through Regional Specialized Meteorological Centre’s (RSMC) Miami and Honolulu –
NOAA’s National Hurricane Centre (NHC) and Central Pacific Hurricane Centre – the TCP’s
leadership and support has greatly improved the coordination and cooperation in these
Regions. Of note is the committee’s establishment of a set of regional operating plans to
ensure that the most effective cooperation and coordination between the countries occur when
preparing and issuing meteorological forecasts and warnings for tropical cyclones.
The TCP has ensured that annual meetings are conducted to review and revise the TC and HC
Operational Plans which have laid the foundation for highly effective real-time collaboration
and coordination within the Regions. This collaboration has assured that vulnerable residents
receive timely and actionable life-saving information. The plan not only establishes observing,
forecasting, and warning responsibilities for all Member nations, it has defined terminology to
ensure consistent communications during tropical cyclone threats. The TCP, HC and TC also
developed agreed-upon consistent tropical cyclone naming conventions which have also
resulted in a clearer understanding of tropical cyclone threats. Within RA IV and also the TC
region, this has led to harmony regarding storm names, warning understanding, and hazardbased forecast information.
The TCP and the Operational Plans have also laid the foundation for the open exchange of
meteorological data and information between the RSMC and Member nations before, during,
and after tropical cyclones. Upper air observations that are taken by Member nations within
the Caribbean Hurricane Upper Air Station (CHUAS) network, as well as throughout TC
member National Meteorological and Hydrological Services (NMHS), have greatly assisted in
the analysis of tropical cyclones and their precursor disturbances, and have provided extremely
valuable data for dynamical model forecasts. In RA IV, after a tropical cyclone impact in a
Member state, each country provides a report summarizing peak wind, storm surge, rainfall,
and minimum pressure information that is then used by RSMC Miami in its Tropical Cyclone
Reports (TCR). Member states also document storm impacts and provide information on any
direct or indirect fatalities. These country reports contribute to the NHC TCRs which establish
the historical record of the tropical cyclone. The TCR provides historical information so that
Member states and individuals can understand past hurricane impacts to better prepare for
future threats. Since its existence the TCP has helped ensure that this flow of information
occurs seamlessly each hurricane season.
The TCP has also coordinated and funded numerous workshops and training sessions to ensure
that NMHS forecasters have the tools and knowledge to identify tropical cyclone hazards so
they can issue timely, life-saving warnings and forecasts for residents in their respective
countries. The TCP has supported the annual two week Workshop on Hurricane Forecasting and
Warnings that is held at RSMC Miami. This workshop has allowed Member nations to increase
their scientific knowledge and share mutual best practices and challenges. This annual
workshop brings together more than two dozen meteorologists from RA IV and across the
globe to discuss the latest forecast and warning techniques as well as public service and
decision support best practices. The workshop is regarded as one of the best and most
important exchanges of operational tropical cyclone forecasting principles and knowledge in
the world. Annual efforts by the TCP and RA IV have ensured that this vital exchange of
information has occurred each year for over the past three decades. Many participants of this
workshop have gone on to have lengthy careers at their NMHS, and some have even become
NMHS directors and/or regional leaders in tropical cyclone forecasting and warning.
In addition to the support the TCP has provided for the regional operational plans, the TCP has
led the worldwide exchange of ideas through International Workshops on Tropical Cyclones
(IWTC) and RSMC Coordination meetings. The workshops have resulted in sharing of best
practices related to observations, forecasting, warning, and communication of tropical cyclone
hazards.
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These workshops and annual meetings that have been supported by the TCP have also built
lasting relationships between not only individuals but Member nations that have continued to
the global success of forecasting tropical cyclones and warning of tropical cyclone hazards. At
RMSC’s Miami and Honolulu, average tropical cyclone track errors have been reduced by more
than 60% over the past several decades, watch and warning lead times have been increased,
recent improvements in intensity forecasting have been noted, and a new focus on storm
surge and water hazards has commenced. Contributions by the TCP have assisted in all of
these efforts, which have helped realize a global improvement in tropical cyclone
preparedness, more efficient warning coordination, and better communication of tropical
cyclone hazards to vulnerable populations. We recognize TCP’s vital role in supporting and
organizing regional cooperative actions aimed at achieving the common goal of minimizing the
loss of life and damage caused by tropical cyclones. These actions have undoubtedly saved
lives.
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RSMC Nadi
Nadi RSMC has always been very appreciative of the Tropical Cyclone Programme (TCP) and
shares the joy of its success now it has reached its 40th year anniversary.
The Southwest Pacific is very vulnerable to tropical cyclones and every year from November to
April the Pacific braces for tropical cyclone impacts.
The TCP has brought about:
(1)

Effective coordination among met services (warning centres) and National Disaster
Management in terms of timely issuance of warnings to the public

(2)

Laying out of Operational Plans ensuring warnings are standardized and RSMC,
TCWC and every Met Service knows their responsibility

(3)

Workshops to train tropical cyclone forecasters in terms of monitoring the
development of tropical cyclones and the effective communication of these warnings
to the public

(4)

Platforms for countries to improve infrastructure for monitoring tropical cyclones.

RSMC Nadi has improved its services and has recently advanced to issuing 5 days tropical
cyclone outlooks from 3 days, issuing of storm surge warnings to the National Met Service in
the Southwest pacific and the deployment of wave buoys in the Fiji waters.
Moreover, with all available data including satellite images, satellite data, global models and
other observational data has definitely improved the forecasting of tropical cyclones in the
Southwest pacific and this has given reasonable lead times for RSMC Nadi, TCWCs and Met
Services to warn the people. The improvement in service are hugely credited to the
effectiveness of the TCP.
Further, Fiji has been very vulnerable to floods and inundation from storm surges and the TCP
has been the platform we rely on to help us to continue to minimize such impacts and to assist
us in improving the services we provide.
Thus, RSMC Nadi is and will always be very appreciative and thankful to the TCP.
A hearty congratulations from Fiji to you all for all the successes and achievements of the TCP
reaching its 40th year anniversary.
Vinaka!
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RSMC New Delhi
1.

Historical Background

India has a long History of Cyclone warning Services as it was taken up as the first
Meteorological Service rendered in India, way back in 1865. Subsequently, the India
Meteorological Department (IMD) was established in 1875 and the capabilities for Cyclone
warning services were built up gradually but steadily.
Recognizing the severity of impacts caused by the Tropical cyclones over the coastal areas
surrounding north Indian Ocean, the World Meteorological Organization (WMO) and the
Economic and Social Commission for Asia and the Pacific (ESCAP) jointly established the Panel
on Tropical Cyclones in 1972 as an intergovernmental body. Its membership comprises
countries affected by tropical cyclones in the Bay of Bengal and the Arabian Sea. Originally its
member countries were Bangladesh, India, Myanmar, Pakistan, Sri Lanka and Thailand. Later
Maldives joined this Panel in 1982 followed by Sultanate of Oman in 1997, Yemen joined in
2016 and Iran, Qatar, Saudi Arabia & United Arab Emirates joined in 2018.
Regional Specialized Meteorological Centre (RSMC) Tropical Cyclones New Delhi came into
existence, with effect from 1 July 1988 and was assigned with the responsibility of issuing
Tropical Weather Outlooks and Tropical Cyclone Advisories for the benefit of the countries in
the WMO/ESCAP Panel region bordering the Bay of Bengal and the Arabian Sea. The
milestones in the journey of RSMC, New Delhi are given below:
1988

Establishment of Regional Specialized Meteorological Centre (RSMC) Tropical
Cyclones, New Delhi with the responsibility of issuing Tropical Weather Outlooks
and Tropical Cyclone Advisories for the benefit of the countries in the WMO/ESCAP
Panel region bordering the Bay of Bengal and the Arabian Sea, namely,
Bangladesh, Maldives, Myanmar, Oman, Pakistan, Sri Lanka and Thailand.

1991

First Annual RSMC Report on cyclonic disturbances over north Indian Ocean was
published for the year, 1990.

1996

Addendum to Storm Atlas for the period of 1971–1990 was published.

1997

Deployment of 12 Meteorological Buoys by National Institute of Ocean Technology
over the North Indian Ocean

2003

IMD acted as Tropical Cyclone Advisory Centre (TCAC), New Delhi as per
requirement of International Civil Aviation Organization (ICAO)
Preparation of Annual Cyclone Review which is published by WMO
Head RSMC acted as Rapporteur for preparation of annual Tropical Cyclone
Operational Plan (TCP-21)

2004

Introduction of Naming of cyclones over north Indian Ocean in September

2005

Organization of annual attachment training for cyclone forecasters from
WMO/ESCAP member Countries
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2008

Publication of Electronic Atlas for the period of 1891 onwards.
Issue of 72 hr forecast with forecast of Cone of Uncertainty from cyclone ‘WARD’
Verification of Operational forecast
Inclusion of Prognosis & Diagnosis in RSMC Bulletin from cyclone ‘NARGIS’
Introduction of Press Conference on cyclone updates and Press Release from
cyclone ‘NARGIS’
Preparation of preliminary report for each cyclone

2009

Operationalization of IIT- Delhi Storm Surge Model & issue of storm surge
guidance for WMO/ESCAP member countries from cyclone ‘BIJLI’

2010

Forecast of Quadrant Wind Radii from cyclone ‘GIRI’
Introduction of Quadrant Wind Bulletin from cyclone ‘GIRI’

2011

Introduction of Ensemble Prediction System Model for Track Prediction.

2012

Verification of Track, Intensity & Landfall forecast errors from 2003 onwards
Introduction of Hurricane Weather Research & Forecast (HWRF) Model for north
Indian Ocean region from cyclone ‘MURJAN’

2013

Extension of cyclone forecast up to a lead period of 120 hours from cyclone
‘VIYARU’
Introduction of experimental coastal inundation forecast from cyclone ‘PHAILIN’
Introduction of coded TC Vital from cyclone ‘VIYARU’ and
Introduction of text bulletin for international civil aviation as per requirement of
Aviation Disaster Risk Reduction

2014

Launching of dedicated website for RSMC, New Delhi
(www.rsmcnewdelhi.imd.gov.in)
Hourly updates around the time of landfall from cyclone ‘HUDHUD’
Digitization of Annual RSMC Report on Cyclonic Disturbances since 1990 and
uploaded on RSMC website

2015

Digitization of six hourly best track data since 1982

2017

Uploading of landfall data (Place & time of landfall and intensity at the time of
landfall) for landfalling cyclones in RSMC website

2018

Introduction of extended range outlook for cyclogenesis for next two weeks over
north Indian Ocean
Introduction of fishermen warning for entire north Indian Ocean and the same is
available on RSMC website

2020

Introduction of the Geographic Information System (GIS) based interactive
website for observed and forecast track and wind distribution around the centre of
a tropical cyclone over the north Indian Ocean.
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The area of responsibility of RSMC, New Delhi is shown in Figure 1.1.

2.

Operational responsibilities

The main activities of RSMC, New Delhi are listed below:
•

Round the clock watch over the entire North Indian Ocean;

•

Analysis and processing of global meteorological data for diagnostic and prediction
purposes;

•

Detection, tracking and prediction of cyclonic storms in the Bay of Bengal and the
Arabian Sea with the help of state-of-the-art observational platforms & numerical
models for cyclone track & intensity prediction;

•

Issue of an extended range outlook on cyclogenesis over the north Indian Ocean on
a weekly basis;

•

Issue of Tropical Weather Outlook once daily (at 0600 UTC) and special tropical
weather outlooks in the event of a depression which is likely to intensify into a
cyclonic storm;

•

Issue of cyclone advisories to the Panel countries eight times a day;

•

Issue of storm surge advisories;

•

It also acts as a Tropical Cyclone Advisory Centre (TCAC) for issue of advisories for
civil aviation in the Asia-Pacific region as per the requirement of International Civil
Aviation Organization (ICAO);

•

Implementation of the Regional Cyclone Operational Plan of WMO/ESCAP Panel;

•

Collection, processing and archival of all data pertaining to cyclonic storms viz.
wind, storm surge, pressure, rainfall, satellite information etc.

•

Exchange of composite data and bulletins pertaining to cyclonic storms with Panel
countries;

•

Preparation of comprehensive reports on each cyclonic storm;

•

Continued research on storm surge, track and intensity prediction techniques;

•

Issue of Severe Weather Forecast Guidance bulletins daily to the Member countries
under the Severe Weather Forecast Programme (SWFP) Southeast Asia;

•

Acts as Regional Centre for SWFP-South East Asia to provide TC advisories;
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•

3.

Capacity building via imparting attachment trainings & special training programmes
for the Member countries.
Current status

Over the years, the RSMC New Delhi has built up a credible Cyclone Warning System which
uses advanced technologies like observations from Automatic Weather Stations (AWS),
Satellites, Radars, Numerical Weather Prediction (NWP) models and telecommunication
systems for monitoring, analysis, prediction and dissemination of advisories. It has a welldefined Standard Operation Procedure to improve the efficiency of warning system and build
up the confidence of forecasters & user agencies. In addition, we also utilize an effective
Decision Support System for analysis of observations in a single platform and preparation of
warning graphics including observed track, forecast track, uncertainty in track and wind
distribution around the centre of system. This RSMC also has a dedicated website for cyclones
www.rsmcnewdelhi.imd.gov.in.
3.1

Monitoring & Forecasting

RSMC, New Delhi utilizes weather analysis and forecasting system in a digital environment to
plot and analyse different weather parameters from observational instruments including
Automated Weather Stations (800), Automated Rain Gauges (1350), High Wind Speed
Recorders (20), GPS based upper air observation system (51), buoys (20) & ships, satellites
based observations from INSAT, METEOSAT, Eumet Sat, Ocean Sat, SCAT Sat, Doppler Weather
Radars (27 ) and an array of short and medium range global & regional numerical weather
prediction (NWP) models including Global Forecast System (GFS), Hurricane Weather Research
& Forecast (HWRF), Statistical Dynamical Model for cyclone genesis & intensity prediction,
Multi Model Ensemble, Ensemble Prediction Systems (EPS), other global & regional models
(including European Centre for Medium Range Weather Forecasting (ECMWF), United Kingdom
Meteorological Office (UKMO), Japan Meteorological Agency (JMA), National Centres for
Environment Prediction (NCEP)) under bilateral arrangement. The Tropical Cyclone Module
installed in this forecasting system can analyse all synoptic, satellite and NWP model products
for genesis, intensity & track monitoring and prediction, prepare past & forecast tracks up to
120 hrs, depict uncertainty in track forecast and structure forecast around the centre along
four geographical quadrants. This system has resulted in reducing time of analysis, improving
timeliness of the warning and visibility of warning products leading to reduction in loss of lives
as the outcome. A schematic diagram depicting the early warning system by RSMC New Delhi
is given in Figure 2.
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Figure 2: Components of Early Warning System
Currently, RSMC maintains round the clock watch over the north Indian Ocean and provides
information about the convective activity over the region and probability of cyclogenesis
formation of depression wind speed 17–27 knots (31.5–50.0 kmph) for next 120 hours with
probability as NIL-0%, LOW-0–25%, FAIR-25–50%, MODERATE-51–75% and HIGH-76–100%.
On formation of cyclonic disturbance (wind speed 31.5 kmph and above), structured bulletins
are issued as per Standard Operating Procedure containing information about the current
status of system (including location, movement, intensity) and forecast track, intensity, landfall
point, associated adverse weather (heavy rainfall, gale wind, storm surge), state of Sea,
fishermen warning, damage expected and action suggested.
4.

Achievements & scope for improvement

4.1

Improved accuracy in genesis, track & intensity predictions of tropical
cyclones.

As a result of a right mixture of application of technological advancements with human
expertise, RSMC New Delhi has achieved tremendous improvement in the accuracy of Cyclone
forecasting. Disaster managers and first responders worldwide acknowledged the near
pinpointed accuracy in cyclone landfall forecasts provided by RSMC New Delhi, which
consequently aided in reducing the death toll as well as revenue needed for evacuation
operations. Two such recent examples of forecast accuracy are given in Figure 3.

Figure 3: Observed Track and Forecast with cone of uncertainty based on
(a) 0000 UTC of 30 April (72 hrs prior to landfall) of Extremely Severe Cyclonic Storm
FANI (26 April-4 May 2019) and (b) 0600 UTC of 17 May (84 hrs prior to landfall) of
Super Cyclonic Storm AMPHAN (16-21 May 2020) demonstrating accuracy in track,
landfall & intensity forecast
It can be seen from Figure 4.1–4.2 that there has been a consistent improvement in forecast
accuracy with decrease in track and intensity forecast errors and increase in skill over the
years. Due to modernization programme of IMD and other initiatives of Government of India,
the improvement has been more significant since 2009. However, the rate of improvement in
intensity forecast over the years has been marginal as can be seen from Figure 4.2. The 36–72
hours forecasts commenced from 2009 and it was further extended to 120 hrs from 2013
onwards.
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Figure 4.2 Five Year Moving Average Intensity Forecast (a) Absolute Error (kts) and
(b) Root Mean Square Error (kts) of RSMC, New Delhi over the NIO
The 12 and 24 hr Landfall Point Errors (LPE) during 2015–19 were 25.4 km and 44.7 km
against 31.6 km and 58.5 km respectively during 2010–14. There has been an improvement of
20% and 24% in 12 and 24 hr LPE during 2015–19 as compared to 2010–14. Also there has
been an improvement in track forecast error by about 25% for all lead period up to 72h during
2015–19 as compared to the errors during 2010–14. Similarly, there has been an improvement
in intensity forecast error by about 20%, 18% and 13% in AAE and by about 20%, 18% and
13% in Route Mean Square Error (RMSE) for 24, 48 and 72 hours lead period during 2015–19
as compared to 2010–14 respectively.
4.2

Training Activities of RSMC, New Delhi
•

Tropical Cyclone Forecaster Training of two weeks duration is conducted every year
from 2005;

•

This year training is being conducted during 07–17 October 2020. There are
52 participants including 17 from WMO/ESCAP Panel member countries viz.
Bangladesh, Myanmar, Maldives, Oman, Yemen, Iran, Qatar, Saudi Arabia,
Sri Lanka, Thailand and UAE and 35 participants from India;

•

Storm Surge training workshop was conducted on various occasions jointly by
RSMC, New Delhi and IIT, Delhi;

•

Regional Training Workshop for capacity development in coastal multi hazard early
warning system was jointly organized by RSMC, New Delhi & Indian National Centre

18

Review for the Forty Years of WMO Tropical Cyclone Programme (1980–2020)

for Ocean Information Services (INCOIS), Hyderabad and sponsored by UN-ESCAP
at Hyderabad during 19–23 September 2016.
•

4.3

In 2015, an advanced training on TC forecasting was conducted by RSMC New Delhi
during 3–14 August 2015. There were 16 International participants from
WMO/ESCAP Panel and Typhoon Committee member countries and 41 participants
from India.
Technology Transfer to WMO/ESCAP PTC Member Countries

•

RSMC, New Delhi in collaboration with IIT, Delhi and WMO TCP implemented IIT,
Delhi developed storm surge model for operational storm surge forecasting by
Member Countries;

•

RSMC, New Delhi helped a few of the member countries in operational running of
the meso-scale models.

4.4

Access to Technology
•

RSMC, New Delhi made all NWP models data and products available to member
countries;

•

RSMC, New Delhi provided satellite data and products from latest satellites as well
as archived products through its satellite;

•

RSMC, New Delhi developed a dedicated website which is used by the member
countries;

•

RSMC, New Delhi provided all digital data on cyclones (both basic and derived
parameters through its website).

4.5

Policy and planning
•

RSMC, New Delhi acted as Rapporteur to prepare annual regional tropical cyclone
operational plan;

•

DG, IMD acted as Chief Editor for Annual Cyclone Review of WMO/ESCAP Panel
countries. It included meteorological, hydrological, Disaster Risk Reduction,
research and training activities of the countries;

•

RSMC, New Delhi prepared the TC forecasting competency document for the region
which is used for capacity building in the region;

•

RSMC, New Delhi prepared Synergized Standard Operating Procedures (SSOP) for
coastal multi-hazards in collaboration with RSMC, Tokyo;

•

RSMC, New Delhi planned the training activities conducted by WMO for SWFP-South
Asia and SE Asia;

•

RSMC, New Delhi acted as Rapporteur for preparation of new TC names which were
introduced in 2020;

•

Recently a Standard operating procedure has been finalized among RSMCs New
Delhi & Tokyo on handing over – taking over of Trans boundary Cyclones, when
crossing the area of responsibilities of the two RSMCs. Collaboration & cooperation
among all the RMSCs are also envisaged in future.
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4.6

Outcome of RSMC, New Delhi Activities

As a result of various initiatives as discussed in previous sections, there has been significant
reduction in death toll being limited to less than 100 in recent 10 years. To mention a few,
there were 76 deaths in India and 18 in Bangladesh due to Amphan (2020), 64 due to FANI
(India, 2019), 14 in India and six in Bangladesh due to Bulbul (2019), 78 due to Titli (India,
2018), 53 due to Sagar (Somalia, 2018), 26 due to Mekunu (Oman, 2018), 14 due to Luban,
(Yemen, 2018), 5 due to Chapala (Yemen, 2015), 18 due to Megh (Yemen, 2015), 46 due to
Hudhud, (India, 2014) and 21 due to Phailin (India, 2013) as compared 10,000 deaths due to
Odisha Super Cyclone in 1999 and 1,40,000 deaths due in Myanmar due to Nargis in 2008. All
this has resulted in improving the socioeconomic conditions in the region.
4.7

Scope for improvement

There is scope to improve the TC forecasting over the region by following approaches.
(i)

Enhancement of observational network over the north Indian Ocean;

(ii)

Cyclone specific data processing and assimilation in NWP models;

(iii)

Objective assessment of intensity & strike probability based on EPS model products
& decision support systems;

(iv)

Introduction of Dynamic Cone of Uncertainty in Cyclone track prediction;

(v)

Probabilistic storm surge prediction as well as a mobile Pressure Sensor network for
monitoring the storm surge, in collaboration with INCOIS;

(vi)

Real-time impact-based forecast and risk-based warning;

(vii) Special Observations from the Cyclone Core Environment, for improving the Physics
& Dynamics in Numerical models to aid in better intensity prediction;
(viii) Improving the Warning products Design (on GIS Platform) and enhancing the
contents of the RSMC website.
5.

Concluding remarks

Over the years there has been significant reduction in death toll due to cyclones through
effective early warning and dissemination system apart from other measures like preparedness
and mitigation. The cyclone forecast accuracy of RSMC New Delhi is at par with that of leading
cyclone forecasting centres of the world. However, there is still scope to improve further the
accuracy and last mile connectivity, prob forecast and early warning in association with
cyclones. India Meteorological Department and Ministry of Earth Sciences are continuously
upgrading and enhancing the capability to improve the TC monitoring, forecasting and warning
services, which will also benefit the WMO/ESCAPE PTC countries in management of TCs.
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RSMC Tokyo
The RSMC Tokyo – Typhoon Centre is a Regional Specialized Meteorological Centre (RSMC) that
carries out specialized activities in analysis and forecasting of Western North Pacific tropical
cyclones within the framework of the World Weather Watch Programme of the WMO. The
Centre was established at the headquarters of the Japan Meteorological Agency (JMA) in July
1989, following a designation by the WMO Executive Council at its 40th session (Geneva,
June 1988). For over the 30 years, the Centre has contributed to the global activities of the
Tropical Cyclone Programme (TCP) as well as typhoon disaster mitigation in Asia and the Pacific
region through providing advisory information and technical support to the Members of the
ESCAP/WMO Typhoon Committee. In order to review 30 years of achievements of regional and
global activities around disaster risk reduction related to tropical cyclones and to deliver a
vision statement that contributes to the middle-term strategic planning of the community, JMA
held the High-level Dialogues on Tropical Cyclones in October 2019. The event highlighted
technical improvements in tropical cyclone analysis and forecasting, underpinned by dramatic
progress in meteorological satellite and numerical weather prediction techniques, while
recognizing ongoing threats. The Dialogues called for the multisectoral collaboration, especially
with the social science sector to realize tropical cyclone-resilient society, in the 10-year Vision
to Protect Life and Property from Tropical Cyclones shared by the participants as the Dialogues’
outcome.
10-year Vision to Protect Life and Property from Tropical Cyclones
High-level Dialogues on Tropical Cyclones and the Tokyo Statement
JMA hosted the High-level Dialogues on Tropical Cyclones from 10 – 11 October 2019, followed
by a ceremony to mark the 30th anniversary of the RSMC Tokyo – Typhoon Centre. The event
was attended by senior Japanese government officials, WMO Secretary-General Petteri Taalas,
12 ESCAP/WMO Typhoon Committee Members (Cambodia, China, Hong Kong, China, Japan,
Lao People’s Democratic Republic, Macao, China, Malaysia, the Philippines, the Republic of
Korea, Thailand, Vietnam and the USA) and 6 RSMCs involved in tropical cyclone forecasting
(Honolulu, La Réunion, Miami, Nadi, New Delhi and Tokyo).
The meeting resulted in the adoption of the Statement of the High-level Dialogues on Tropical
Cyclones, Tokyo, Japan 2019 (Tokyo Statement), which includes the 10-year Vision to Protect
Life and Property from Tropical Cyclones, summarizing the roles of National Meteorological
Services, a call for multisectoral collaboration, and attendees’ commitments to play central
roles in disaster prevention for individual regions, countries and territories.
We, National Meteorological Services, recognizing our role as a trigger for
disaster response in our own country or territory, will cooperate with other
areas in physical science, including hydrology, as well as social science, and
emergency response and Civil Protection sectors, will provide information
that supports decision-making and initiate disaster response of relevant
organizations and individuals for protecting life and property from disasters
caused by tropical cyclones and minimizing loss and damage, and will
promote the use of such information. By doing so, we will realize a tropical
cyclone-resilient society.
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Motivation – ongoing threats from tropical cyclones
Despite remarkable advancements in monitoring, forecasting and early warning services, the
threat of tropical cyclones to life and property remains real, with increasingly extreme societal
impacts expected from sea level rise and unusual/varying weather and climate patterns
affecting vulnerable populations.
Accordingly, the High-level Dialogues on Tropical Cyclones was held to present a vision for
next 10 years toward the minimization of loss and damage caused by tropical cyclones based
on 30 years of achievement by Typhoon Committee Members and RSMCs.
National Meteorological Service challenges and new approaches
To start the event, JMA presented the results of a survey carried out on a July 2018 torrential
rain-related disaster in Japan. The research was intended to identify issues associated with
disaster response from a social science perspective, as significant loss of life resulted from
people ignoring warnings issued by meteorological offices during the event. The results
showed that warnings and related information did not function as action initiators for various
reasons, including a failure to convey the sense of risk to the public and a lack of awareness
regarding the significance of information and its usage. A similar problem was reported in
relation to Hurricane Florence, for which a reduced sense of public urgency was observed
when its intensity was downgraded from 4 to 1 even though the associated risk from storm
surges and rain did not in fact change.
The issue was considered as a common challenge faced by National Meteorological Services in
playing the role of a trigger for disaster response in individual countries and territories. To
address the problem, attendees discussed the need to strengthen social science approaches
based on an understanding of risk perception, human behaviour and societal impacts in
designing meteorological information and evaluating its use, which constitutes the key
message of the 10-year vision adopted under the dialogues.
Other important remarks were also made and summarized in the Tokyo Statement, including
the need for the provision of reliable information underpinned by improved observation and
prediction accuracy, as well as improved expression of uncertainty based on quantification and
visualization.
Priority action areas for National Meteorological Services
The dialogues featured thematic sessions titled Information Design and Delivery and Public
Awareness and Education Campaign, which identified priority areas in which National
Meteorological Services need to take action in adopting social science approaches.
Discussions incorporated the following ideas in the area of Information Design and Delivery:
-

NMSs should promote risk-based information provision conveying the sense of risk
appropriately;

-

NMSs should provide sufficient information with appropriate timing in consideration
of user requirements and technical feasibility to avoid information
overload/insufficiency;

-

NMSs should deliver information via diversified and sustainable methods;

-

NMSs should contribute to media reporting that supports appropriate
understanding of risk and initiation of necessary action.

Discussions on the importance of the Public Awareness and Education Campaign included the
following:
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-

NMSs need to enhance understanding of disaster response and related capacity for
provision of meteorological information to disaster management authorities with
understanding of disaster response procedures;

-

NMSs should promote disaster management authority understanding of
meteorological information;

-

NMSs should engage in diversified activities for a wide range of target users to
raise public awareness of meteorological information.

RSMC Tokyo 30th anniversary ceremony
At the ceremony, JMA’s HASEGAWA Naoyuki presented the Tokyo Statement on behalf of JMA
Director-General SEKITA Yasuo, emphasizing a shared perception regarding the urgent need
for NMHSs to enhance social science approaches via intersectorial collaboration to better serve
the public. The address underlined a decision to take the lead in supporting NMHSs for capacity
development based on various RSMC Tokyo activities.
Japanese Prime Minister ABE Shinzo sent a video message highlighting the important
contribution of National Meteorological and Hydrological Services in making the world more
resilient to natural hazards, stating, “The vital role you play in making the world more resilient
to natural disasters will become even more important than ever in the years to come”.

Expected roles of WMO/TCP in decades to come
Since its establishment, WMO’s Tropical Cyclone Programme (TCP) has greatly contributed to
the enhancement of WMO Members’ monitoring, forecasting and research relating to tropical
cyclones and associated early warning services, mainly via the activities of tropical cyclone
regional bodies. In coming years, the Programme is expected to continue its important roles in
sharing good practices among regional bodies, summarizing operational needs for input to the
research community and supporting intersectoral collaboration (especially with the social
science sector), as emphasized by the 10-year Vision to Protect Life and Property from
Tropical Cyclones. It would be beneficial to present these ideas, in addition to the goals,
objectives and plans of regional bodies, as a strategic plan of the Tropical Cyclone Programme,
which would help all associated parties (National Meteorological and Hydrological Services of
WMO Members affected by tropical cyclones, RSMCs working in tropical cyclone forecasting,
tropical cyclone regional bodies and stakeholders in disaster management and response) to
work together with a shared vision.
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TCWC Jakarta
Introduction
Indonesia, located right on the equator, is an archipelago consisting of more than 17,000
islands (CDE-DM, 2015). Based on World Risk Report Analysis and Prospect (2017), Indonesia
has a disaster risk index at 33 out of 170 countries in the world, and has a very high level of
disaster exposure (17,46 to 63,66%) The hydrometeorological disasters that occurred in
Indonesia were heavily influenced or caused by various weather phenomena such as the Indian
Ocean Dipole, Madden Julian Oscillation, cold surge, Asian monsoon, Australian monsoon,
westerly wind burst, warm pool, El Niño and La Niña, and tropical cyclones. Although Indonesia
is not a tropical cyclone trajectory, there are indirect impacts due to tropical cyclones in
NWPAC and SEIO.

Figure 1.1. Disaster exposure levels in various countries around the world
Source: World Risk Report Analysis and Prospect, 2017

Gray (1967) in his research found that 87% of tropical cyclone events grew from tropical
disturbances that occurred at latitudes less than 200. Indonesia which is located at 110LS to
80LU is proven not to be an area free from tropical cyclone events. Several tropical cyclone
events that have occurred in the Indonesian region in 2001–2020 include:
(a)

Tropical cyclone Vamei (2001) which became a tropical cyclone at latitude 1.50LU
and moved across the Straits of Malacca and North Sumatra;

(b)

Cyclone Kirrily (2009) which grows as a tropical cyclone just above Kai Island,
Southeast Maluku (latitude 6.2 LS);

(c)

Cyclone Narelle (2013) which grows at a distance of about 70 km from the island of
Sumbawa, West Nusa Tenggara;

(d)

Cyclone Gillian (2014) which grows in the Gulf of Carpentaria but moves right
through the islands of East Nusa Tenggara, West Nusa Tenggara to Bali before
moving into the waters south of Java;

(e)

Tropical Cyclone Anggrek (2010) and Tropical Cyclone Bakung (2014) which grew
as cyclone seeds in the waters west of Lampung and developed into tropical
cyclones at 90LS coordinates;

(f)

Cyclone Cempaka (2017) which grows and develops in the waters south of Java;
and

(g)

Cyclone Dahlia (2017) that grows in the waters southwest of the Sunda Strait.
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TCWC Jakarta
Tropical cyclones are known to be dangerous; therefore, there are various tropical cyclone
warning centres around the world whose task is to monitor every tropical cyclone event. This
monitoring runs every day for 24 hours without stopping and uses various technologies
ranging from satellites, radars, and observation stations with or without crew. The aim of the
observation is to find out where tropical cyclones grow, their movements and their strengths.
Indonesia is a member of the Regional Association V Tropical Cyclone Committee (RA V TCC),
an international committee under the World Meteorological Organization (WMO). This
committee was formed at the WMO RA V – IX meeting in 1986, which decided on the operation
of tropical cyclone early warning centres throughout the Southwest Pacific region. At this
meeting, Indonesia has the obligation to provide tropical cyclone early warning in its area of
responsibility, namely the area that is bounded with coordinates 900 to 1250 east longitude,
and 00 to 100 south latitude.
However, because Indonesia was deemed incapable of carrying out this responsibility both in
terms of infrastructure and human resources, the 1998 WMO RA V XII meeting decided that
Australia should take over the responsibility for making tropical cyclone early warning in the
area of Indonesian responsibility for the time being.
After developing the infrastructure and installing various hardware and software needed as well
as various human resource development activities, at the WMO RA V TCC meeting in 2006, it
was decided that Indonesia would take back its area of responsibility in the 2007/2008 cyclone
season. TCWC Jakarta began officially operating on March 24, 2008 with the following duties
and responsibilities:
International responsibility to issue and disseminate information and high seas early warning
(Gale and Storm Wind Warning) in the area of responsibility
•

Issue and disseminate information and early warnings of tropical cyclones and the
bad weather they cause for communities throughout mainland and coastal
Indonesia

Two years later, at the 13th WMO RA V TCC meeting held in Bali from 26 to 29 April 2010,
BMKG submitted a proposal to expand the area of responsibility of TCWC Jakarta to the east.
With the support of all trial participants, from then on, the TCWC Jakarta area of responsibility
covers almost all of Indonesia's land and sea areas south of the equator, to be precise in the
area bounded by the coordinates of EQ 0900E, 10S 0900E, 10S 1200E, 11S 1200E, 11S 1280E,
09S 1280E, 09S 1410E, EQ 1410E.

Figure 1.2. The area of responsibility of TCWC Jakarta from 2010 until recently
Source: BMKG
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Climatology of Tropical Cyclones near Indonesia
Based on the results of processing tropical cyclone data in Indonesia for 45 years from 1973 to
2017, there were 500 tropical cyclones at latitudes between 120 North Latitude – 120 South
Latitude and 950 – 1410 East Longitude. Every year, on average, around 11 tropical cyclones
are formed in Indonesia. These results are in accordance with the previous explanation that
the world's tropical cyclones occur approximately 80 times each year. This shows that 14% of
the world's tropical cyclones pass through Indonesia. This number cannot be said to be small
for the incidence of tropical cyclones each year considering that Indonesia is traversed by the
equator.
Based on Figure 1.3, the highest number of tropical cyclones passing through Indonesia
occurred in 1985 with 18 occurrences. Meanwhile, 2017 was the year with the least number of
tropical cyclones that passed through Indonesia. The fluctuation in the number of tropical
cyclone events in Indonesia is quite significant. An increase or decrease in the number of
tropical cyclones frequency can occur every year. The most significant change occurred in 2006
to 2007, where there was a decrease in the number of events by nine events.

Figure 1.3. (a) Percentage of Number of Tropical Cyclones Every 5 Years in Indonesia
and (b) Percentage of Number of Tropical Cyclones by month from 1973 to 2017
In Figure 1.4, the data are grouped every five years into nine groups. Based on these data, the
percentage results are quite evenly distributed in each group where seven of the nine groups
have a percentage of 10% or more. However, the 1973–1977 and 2013–2017 group have a
percentage value of less than 10%. The highest number of tropical cyclone events in Indonesia
occurred during 1983 to 1987 with a percentage of 15%, while the lowest number occurred in
1973–1977 with a percentage of 7%.

Figure 1.4. Graph of the Number of Tropical Cyclones Each Year in Indonesia (left)
and Graph of the Number of Tropical Cyclones Each Month from 1973 to 2017 (right).

Based on the grouping each month, the tropical cyclone events that grow, develop and move
in the territory of Indonesia generally occur the most in December. During the period 1973 to
2017, there were 78 out of 500 incidents in total or 16% of the total. The next highest number
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of tropical cyclones occurred in November with 15% occurrences and April with 11%
occurrences. The rarest occurrence of tropical cyclones occurred in September and August with
4% incidents and February with 5%. This data shows a significant difference regarding the
timing of tropical cyclones in Indonesia.
Tropical Cyclones in Indonesia in the Last 10 Years
In the last 10 (ten) years, namely the period 2010 to 2020, there have been 13 (thirteen)
tropical cyclones in Indonesia's territorial waters and mainland. The tropical cyclones are as
follows:
(1)

Tropical Cyclone Paul (23 March – 3 April 2010)

(2)

Tropical Cyclone Sean (21 April – 25 April 2010)

(3)

Tropical Cyclone Orchid (30 October – 5 November 2010)

(4)

Tropical Cyclone Errol (12 April – 18 April 2011)

(5)

Tropical Cyclone Grant (21 December 2011 – 2 January 2012)

(6)

Tropical Cyclone Narelle (5 January – 15 January 2013)

(7)

Tropical Cyclone Gillian (6 – 26 March 2014)

(8)

Tropical Cyclone Bakung (10 December – 13 December 2014)

(9)

Tropical Cyclone Cempaka (22 November – 1 December 2017)

(10)

Tropical Cyclone Dahlia (24 November – 5 December 2017)

(11)

Tropical Cyclone Kenanga (15 – 16 December 2018)

(12)

Tropical Cyclone Lili (9 – 10 May 2019)

(13)

Tropical Cyclone Mangga (21 – 22 May 2020)

The existence of tropical cyclones has a direct or indirect impact on the surrounding weather
system. In Indonesia, tropical cyclones often have an indirect impact in the form of heavy rain,
strong winds, tornadoes and hail. These incidents often have the impact of
hydrometeorological disasters such as floods or inundation, fallen trees, damaged buildings
and casualties.
Current Operational System of TCWC Jakarta
Based on the 2006 edition of the WMO Tropical Cyclone Operational Plan for South Pacific and
South East Indian Ocean (TCP-24), Indonesia must operate the Jakarta TCWC for an area of
90° – 125° North Latitude, 0 – 10° South Latitude from the 2007/2008 tropical cyclone season
so that Indonesia has an international responsibility to issue and disseminate information and
high seas warnings to the TCWC Jakarta area of responsibility (90° - 125° North Latitude, 0° 10° South Latitude)
Apart from operating the Jakarta TCWC in the area of responsibility (AoR), Indonesia through
the BMKG also monitors the TCWC Jakarta (AoM) monitoring area. Apart from being supported
by extreme weather forecasters, TCWC Jakarta's operations are also supported by several
systems that facilitate and accelerate the tropical cyclone analysis process, such as:
-

The synergy model

-

Analysis of dvorak using the Sataid-T Tools

-

TC-Module
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Figure 1.5. The area of monitoring and responsibility of TCWC Jakarta from 2010
until now.
Source: BMKG
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APPENDIX 2. CONTRIBUTION FROM COLLABORATION PARTNERS
The Economic and Social Commission for Asia and the Pacific
ESCAP and WMO partnership to support TCP in the Asia-Pacific region
1.

In partnership with the WMO, ESCAP is supporting two intergovernmental platforms
for addressing cross-border risks from tropical cyclones (known as typhoons if they
originate from the west Pacific): the ESCAP/WMO Typhoon Committee (TC), which
covers storms emerging from the western Pacific, and the WMO/ESCAP Panel on
Tropical Cyclones (PTC), which covers the Bay of Bengal and the Arabian Sea. Since
2005, both platforms have expanded and strengthened their activities, giving rise
to closer regional cooperation in early warning.

2.

In particular, the TC and the PTC have helped integrate the fields of meteorology,
hydrology and disaster risk reduction – building capacities and developing joint
strategies across countries and professional fields. The two platforms have also
undertaken original research and piloted innovative projects to further improve the
understanding of tropical cyclones and related hazards. One of these projects,
implemented jointly by the TC and the PTC with financial support from the ESCAP
Trust Fund, led to the development of a regional manual for multi-hazard SOPs for
early warning.

3.

In February 2015, ESCAP hosted a joint session of the TC and the PTC to
strengthen cooperation between these two platforms, and further sponsored
capacity development activities provided through the Regional Specialized
Meteorological Centres (RSMC) in New Delhi and Tokyo, respectively. As such, the
TC and the PTC offer a successful model of regional cooperation that could
potentially be replicated in other subregions and for other cross-border hazards in
Asia and the Pacific.

4.

The ESCAP through its Multi-Donor Trust Fund for Tsunami, Disaster and Climate
Preparedness in Indian Ocean and Southeast Asian Countries has supported two
phases of the Synergized Standard Operating Procedures (SSOPs) for Coastal MultiHazard Early Warning Systems, implemented by the ESCAP/WMO Typhoon
Committee (TC) with the WMO/ESCAP Panel on Tropical Cyclones (PTC). It provided
training to teach the mechanism of synergizing SOPs for coastal hazards within the
target countries of Bangladesh, Cambodia, Lao PDR, Maldives, Myanmar, Pakistan,
the Philippines, Sri Lanka, Thailand and Viet Nam. It focused on promoting member
States’ capacities for multi-hazard early warning by building on existing
technological achievements of the national meteorological and hydrology services,
as well as bringing together a diverse group of experts for consultation meetings,
including social scientists, DRR experts, experts from tsunami early warning
centres, National Disaster Management Organizations (NDMOs) and government
agencies, to improve capacity building on social science aspect of early warning. It
also facilitated knowledge exchange between experts from both the PTC and TC
regions. Activities finalized in 2019 included in-country consultation workshops for
customization of SSOPs in Lao PDR, Myanmar, Sri Lanka, Thailand and Viet Nam.

5.

ESCAP’s Multi-Donor Trust Fund for Tsunami, Disaster and Climate Preparedness
been expanded to include Pacific small island developing States, as requested by
the Commission in its Resolution 71/12. A project funded by the ESCAP Multi-Donor
Trust Fund was implemented in the south west Pacific to support the establishment
of national climate outlook forums, building on the successful national monsoon
forums in Asia. The project strengthened the framework for tailoring climate
information and data for community level applications in pilot countries, namely, in
Fiji, Papua New Guinea and Samoa.
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6.

Following up on a recommendation made by the Committee on Disaster Risk
Reduction at its fourth session in 2015, 1 ESCAP and WMO are extending their
partnership through the WMO Regional Association V Tropical Cyclone Committee
for the South Pacific and South-East Indian Ocean. At the seventeenth session of
the Tropical Cyclone Committee in 2018, Pacific member States recognized that the
partnership between ESCAP and WMO could contribute to enhanced operational
capacity in cyclone early warning and preparedness and serve as an important
means of sharing experiences from Asia with the Pacific, and vice versa. This
subject will be addressed at the next session of the Tropical Cyclone Committee in
2020.

7.

In 2018, responding to the observed increase in the frequency of intense tropical
cyclones over the Arabian Sea, four new members joined the World Meteorological
Organization (WMO)/ESCAP Panel on Tropical Cyclones in 2018. The Islamic
Republic of Iran is the newest member from the ESCAP region. Wider regional
cooperation to more effectively build preparedness across the Indian Ocean basin is
expected from this expansion.

1

E/ESCAP/72/19.
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The International Civil Aviation Organization
TCP collaboration with ICAO in the implementation of ICAO Tropical Cyclone Advisory
Centres in view of providing improved Meteorological Services for the International
Civil Aviation
In 1998, through Amendment 71 to Annex 3 - Meteorological Service for International Air
Navigation the International Civil Aviation Organization (ICAO) designated seven tropical
cyclone advisory centres (TCACs), based on the existing WMO specialized centres, forming part
of the WMO Tropical Cyclone Programme. This was the beginning of another successful
cooperation between the World Meteorological Organization (WMO) and ICAO. Its purpose was
to respond to the requirements of international civil aviation for specific meteorological
information on tropical cyclones. The primary goal was to assist States in improving the quality
of SIGMET information 2 related to tropical cyclones. To achieve this goal, the designated TCACs
started issuing tropical cyclone advisory information which was initially intended to be used
only by Meteorological Watch Offices (MWOs) when preparing SIGMET information for tropical
cyclones. Soon thereafter, the aviation users discovered tropical cyclone advisory information
issued by the TCACs and considered that this high-quality information would be highly useful
for the flight planning purposes, in parallel with SIGMET information.
The TCACs are meteorological centres designated by ICAO regional air navigation agreements,
based on advice from WMO, and included in the ICAO Regional Air Navigation Plan concerned.
Seven TCACs (Darwin, Honolulu, La Réunion, Miami, Nadi, New Delhi and Tokyo) have been
designated by ICAO and they maintain a 24-hour watch during the period of operations
corresponding to the tropical cyclone season in their area of responsibility. They monitor the
development of tropical cyclones in their areas of responsibility using geostationary and polar
orbiting satellite data and other meteorological information sources (e.g. numerical weather
prediction models). TCACs provide the MWOs, international OPMET databanks, the AFS
Internet-based services and, as necessary, other TCACs with advisory information regarding
the position of the centre of the tropical cyclone, its forecast direction and speed of movement,
central pressure and maximum surface wind near the centre of the cyclone. The advisory
information continues to be used by MWOs in support of the issuance of SIGMET information
on tropical cyclones. The information is also readily available to aeronautical users, e.g.
through the Aeronautical Fixed Services Internet-based services.
Since their inception, the role of TCACs has been progressively enhanced through the
introduction of updated standard an recommended practices (SARPs) in the nine subsequent
amendments to Annex 3. Such improvements include the introduction of requirements for
tropical cyclone advisory information in graphical format (Amendment 75 to Annex 3 in 2012).
These updates have ensured that high-quality, consistent and uniform information continues to
be provided for flight planning of aircraft operations.
The TC advisory information is being further developed and improved to ensure that it is able
to cope with future requirements due to changes in airline business perspectives, flight
operations and routes, the increase of data volumes, and to meet developing System Wide
Information Management (SWIM) demands. These recent developments have been possible
only thanks to the assistance provided to ICAO TCACs by the WMO Tropical Cyclone
Programme which has thus played an essential role in contributing to the safety and efficiency
of international air navigation.

2
Information concerning the occurrence of specified en-route weather in the atmosphere which may
affect the safety of aircraft operations

31

Review for the Forty Years of WMO Tropical Cyclone Programme (1980–2020)

APPENDIX 3. CONTRIBUTION FROM MEMBERS
The British Caribbean Territories
THE BRITISH
CARIBBEAN
TERRITORIES

AND

THE TROPICAL
CYCLONE PROGRAMME

Glendell De Souza and Arlene Laing
Caribbean Meteorological Organization
Introduction
The British Caribbean Territories (BCT) comprises of five non-independent Overseas Territories
of the United Kingdom in one of the most disaster-prone regions of the world, the Caribbean.
The five countries are: Anguilla, the British Virgin Islands, the Cayman Islands, Montserrat,
and the Turks and Caicos Islands.
Since the inception of the World Meteorological Organization (WMO) Regional Association (RA)
IV Hurricane Committee, which was established by the 7th Session of RA IV to promote such
activities within the framework of the WMO Tropical Cyclone Programme, the British Caribbean
Territories has been an active Member of the Hurricane Committee.
Training
The Tropical Cyclone Programme in conjunction with the United States of America, through the
United States National Hurricane Centre (NHC) instituted the Hurricane Forecaster Training
Course. The course which has duration of two weeks is a yearly event in RA IV, with the course
alternating between English and Spanish languages. During the two week period, forecasters
and meteorologist are trained in state-of-the-art techniques for tropical cyclone prediction,
warning, and public awareness. The Course is a Gold Standard and all
forecasters/meteorologists that provide watches and warnings of Members States within the
Region have attended the course.
All forecasters and meteorologists of the British Caribbean Territories have attended the
training programme and usually it is the first time that they are exposed to training in cyclone
prediction, warning, and public awareness. Further, the lecturers of the course are also
meteorologists that provide the tropical cyclone warnings for both the Atlantic and East Pacific
Oceans Hurricane Basins, therefore the social interactions are also important since both the
forecasters/meteorologist from the Member States and the meteorologist from NHC have to
interact during each hurricane season.
Meteorologists from the BCT worked with other meteorologists from Member States to develop
the Hurricane Forecaster Competency, which was provided to the Tropical Cyclone Programme
for the creation of holistic Hurricane Forecaster Competency across all hurricane regions.
Within that competency document the Course was identified as the premium requirement for
competency in RA IV. Further, there are persons within the present BCT meteorologist cadre
that completed the course more than 20 years ago and are due for refresher training.
RA IV Hurricane Committee
The RA IV Hurricane Committee was established in 1977. The first meeting of the Committee
was held in Mexico in 1978. The Hurricane Committee usually organizes the annual session in
the first quarter of the year to review the past hurricane season, the past hurricane related
activities and set plans for the upcoming hurricane season as well as update its Hurricane
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Operational Plans.
As stated above, the British Caribbean Territories has been an active Member, Mr Cyril Berridge
was the Permanent Representative with the WMO representing the British Caribbean Territories
and the Commonwealth of Dominica at the time of the establishment of the Committee and
took special interest in the development of the nucleus of professionally trained tropical
meteorologists with some specialization in hurricane forecasting and was an ardent supporter
of the WMO RA IV Hurricane Committee 3. The interest in the Hurricane Committee has
continued with the succeeding Permanent Representatives with WMO for the BCT.
Tropical Cyclone Watches and Warnings
In RA IV, the Regional Specialized Meteorological Centre (RSMC) is the National Hurricane
Centre in Miami and it is responsible for tropical cyclone predictions. The meteorologists of
countries which may be impacted by a tropical cyclone are responsible for the issuance of
watches and warnings for that country. The Regional Hurricane Plan identifies which country is
responsible for the issuance of watches and warning and what is their area of responsibility.
There is coordination between that meteorologists from National Meteorological Services
(NMS) and the NHC on when and which countries watches and warnings will be issued,
upgraded and discontinued.
This has worked very well within the Region and based on the experience of Tomas of 2010,
the BCT representatives at the 2011 Hurricane Committee Meeting advocated for the extension
of the watches and warnings to include tropical systems which had the potential to develop in
cyclones while within 48-hours of striking a country. This was extensively debated within the
Hurricane Committee over several years and eventually, the NHC created watches and
warnings for Potential Tropical Cyclones.
Notable Tropical Cyclones that affected the BCT
The Caribbean is prone to tropical cyclone activity and the countries of the British Caribbean
Territories have received both direct and indirect impacts from the passage these tropical
cyclones on a yearly basis. These systems are too many to enumerate but there are three
notable and exceptional cyclones in the recent past that will be mentioned.
Hurricane Ivan 2004
Hurricane Ivan passed to the south of the Grand Cayman as a category 4 hurricane on
12 September. The hurricane still brought sustained winds just below category 5 strength to the
island. This resulted in widespread wind damage, and a storm surge that completely swept over
the island except for the extreme north eastern portion 4. Ivan caused two deaths in the Cayman
Islands, damaged or destroyed approximately 95% of the homes and other buildings. The
Caribbean Development Bank estimated that Ivan caused approximately 1.85 billion dollars of
damaged in the Cayman Islands. On a more gruesome note, initial death estimates were higher
than the final figure of two deaths; this was because the storm surge which swept over the
island opened some newly interred bodies from graves.

3
4

Bulletin of the American Mathematical Society, Vol. 81, No.7, July 2000
https://www.nhc.noaa.gov/data/tcr/AL092004_Ivan.pdf
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Hurricane Irma 2017

Tracks of North Atlantic Tropical Cyclones in 2017, with locations of Anguilla, British Virgin
Island (BVI), and Turks and Caicos Islands (TCI) highlighted.
Anguilla
Hurricane Irma passed over Anguilla as a category 5 hurricane on September 5, 2017, with
wind speeds exceeding 185 mph. The hurricane caused the loss of one life and widespread
damage to housing stock and other key infrastructure 5. Over 1,500 electricity poles were
downed, thereby knocking out the electricity that also powers the desalination of seawater,
which is the island’s source of potable water, as the island has no surface fresh water and its
underground supplies are brackish.
The sole passenger ferry terminal was completely destroyed, breaking the main transport link
for essential goods and services in Saint Martin, which is the main international gateway to
Anguilla. The only Secondary School was critically damaged and had to be demolished for
safety reasons. All other schools were also severely damaged and the children were taught in
temporary accommodation. The only hospital on the island, the 32 bed Princess Alexandra
Hospital, lost part of its roof. The control tower of the airport was badly damaged. With the
runway being too short for regular commercial aircraft, Anguilla’s international hub is the
Princess Juliana Airport on Dutch Saint Maarten, which was severely devastated.

5 The Government of Anguilla London Office, 2017: Anguilla & Hurricane Irma Recovery, Resilience, and
Prosperity. Produced in partnership with the West India Committee.
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British Virgin Islands (BVI)
Irma made landfall on the island of Virgin Gorda in the British Virgin Islands on 6 September
as a category 5 hurricane, it was the third landfall that Irma made that day. Irma caused injury
to 125 persons and there were six deaths. The Islands which have a tourism-based economy,
lost 65% of its hotel stock and a further 25% were partially damaged and 85% of the yachting
industry was destroyed. The estimated cost of the damage to the British Virgin Islands was
USD 3.6 billion.
Turks and Caicos Islands (TCI)
Hurricane Irma reached within 25 miles (40 km) to the closest island West Caicos as a
category 5 hurricane, with forecast winds initially of 152 kt (175 mph). There is no
meteorological observational data associated with the passage of Irma, but the damages
estimates suggest that the archipelago received at least category 3 hurricane force winds.
Irma damaged approximately 65% of the buildings on the islands but there were no deaths.
Hurricane Maria 2017
Hurricane Maria approached the Turks and Caicos Islands on 22 September. The centre of
Maria passed within 55 kilometres of the east coast of Grand Turk and caused further damage
to Grand Turk, Salt Cay and South Caicos; but in relation to the damage caused by Irma,
Maria's damage was not easy to ascertain.
Benefits of the Tropical Cyclone Programme to the Region
The Region benefited greatly for the establishment of the Tropical Cyclone Programme by the
World Meteorological Organization, through that establishment the socioeconomic impacts of
tropical cyclone on the countries have been greatly highlighted. This has driven policymakers
to ensure that all infrastructure and homes are built to a strict building code, which has led to
the reduction in the loss of life and property. Further, development partners and other funding
agencies have continued fund the region's development programme to reduce losses and
"Build back better".
During the past 40 years of the Tropical Cyclone Programme there has been a significant
reduction in the loss of life and property in all hurricane basins. In the Caribbean, despite
building to a strict code there still damage and destruction to building and this may be due to
other factors such as changes in land use practices and/or increasing intensity of cyclone due
to climate change among other things. Hence the need for the TCP has not abated but
continues and therefore it may be required for at least another 40 years.
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Canada
The Canadian Hurricane Centre – 33 years later
History of the Canadian Hurricane Centre
The Canadian Hurricane Centre is an operational service within the Meteorological Service of
Canada (MSC) which is part of Environment and Climate Change Canada, a federal department
of the Canadian government. The Canadian Hurricane Centre (CHC) was created in 1987 to
provide Canadians with a Canada-focused source of accurate and timely hurricane information.
It was not until the following year, 1988, when the CHC issued its first hurricane bulletin. Since
its creation, the CHC has issued more than 2000 tropical cyclone information bulletins,
providing critical weather information to emergency management offices, weather-sensitive
businesses, the media, and the general public. The experience with Hurricane Juan, in 2003,
led to the development of tropical storm and hurricane watches and warnings in eastern
Canada. However, the CHC did not issue its first Hurricane warning for an event until
September 2019 when Dorian made landfall in Nova Scotia.
Notable events:
−

Gloria (1985) -- Hurricane Gloria received significant media interest in the United
States for impacts on the eastern seaboard. At the time, Canadians had to rely on
the information from the United States regarding hurricanes. Effects on Canada
were much less than anticipated and in order to develop the Canadian perspective,
the CHC was created. The CHC would ultimately provide Canadian expertise on
tropical cyclones expected to have impacts on Canadian territory.

−

Hugo (1989) – was the first Doppler Radar imagery from a Tropical Cyclone taken
in Canada (King City radar, Ontario).

−

Luis (1995) – This storm led to information that determined that waves that move
at the same speed as the storms can grow to a phenomenal height, a phenomenon
now known as trapped-fetch waves.

−

Harvey (1999) – record rainfalls (still holds the record) with an otherwise benign
event.

−

Juan (2003) – first significant Hurricane to affect the Atlantic provinces in a
generation.

−

Tropical Storm Ophelia (2005) – the first CHC specialist to fly with the American P3
Hurricane Hunter as it moved through Canadian waters. Another CHC specialist,
while on an exchange with the National Hurricane Centre, joined a Hurricane Hunter
surveillance mission in 2003 in the Caribbean.

−

Noel (2007) – worst coastal waves in Nova Scotia in 50–100 years.

−

Igor (2010) – worst storm of tropical origin to hit Newfoundland in 75 years.

−

Sandy (2012) – Ontario and Quebec received the brunt of Post-tropical storm
Sandy in Canada, with southern Ontario receiving strong winds gusting in the 80–
100 km/h range, with heavy rains observed in parts of Quebec.

−

Arthur (2014) – significant rainfall and wind damage to portions of Nova Scotia and
New Brunswick.

−

Dorian (2019) – major wind impacts that left more than 80% of Nova Scotia
without power. Strongest land falling system in Atlantic Canada since Hurricane
Juan.

−

The CHC participated in the National Hurricane Centre’s Hurricane Awareness Tours
in 1999 and 2015 (Halifax, NS) and 2017 (Gander, NL) providing outreach to the
local communities and tours of the Hurricane Hunters and Hurricane Research
planes.
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Canadian Hurricane Centre contributions to the Basin and the Tropical Cyclone
Programme:
Trapped Fetch
Trapped fetch is a phenomenon often observed over Atlantic Canadian waters when tropical
cyclones make their way to our region, as they begin to accelerate when encountering the
increasing mid-latitude westerly flow. The ocean wind wave, in normal conditions, can be
estimated by three factors – sea-surface wind speed, duration, and fetch distance. However,
when a tropical cyclone system is moving, the fetch distance is no longer stationary. Waves in
the right quadrant, or right of the track, can grow larger because the waves are moving in
same direction as the fetch also advances along the track. The distance over which waves
actually grow is called trapped fetch (or dynamic fetch). The most recent occurrence was with
hurricane Dorian in early September 2019. Trapped-fetch waves, mainly over Atlantic waters
south of Nova Scotia and Newfoundland, were observed with significant wave heights (15 m)
and peak wave heights (31 m), more than doubling within one hour. Given the almost linear
path of Dorian before landfall, combined with a gradual increase in translational speed from 18
to 24 knots, these observations are consistent with trapped fetch to the right of the storm
track. Some of the original forecasters at the Canadian Hurricane Centre developed operational
software used in forecasting this phenomenon. Through the cooperation with the Tropical
Cyclone Programme, this formulation has also been used by other weather agencies that
experience trapped-fetch wave growth from tropical cyclones.
Extratropical transition
When a tropical cyclone enters the subtropics and mid-latitudes, it can interact with other
extratropical weather systems. These systems can include mature storm systems, remnant
surface systems or disturbances in the upper atmosphere. Many times a change takes place,
resulting in a new weather system that is a cross between a tropical cyclone and an
extratropical cyclone. This process is known as extratropical transition whereby, the majority
of the time, the strongest winds occur to the right of the track, with the heaviest rainfall
observed left of the track. The Canadian Hurricane Centre has focused on this transition to
assist in forecasting these challenging systems in Canadian waters. The CHC has worked with
the international community in understanding and forecasting these evolving storms and the
term coined in Canada for these Post-Tropical Storms is now used in the RA IV basin’s
Hurricane Operational Plan.
Training
The Canadian Hurricane Centre is committed to training new meteorologists eager to be a part
of the forecasting team. The Centre offers annual in-office workshops, and provides on-the-job
training for new forecasters. We have developed an online training process for individuals to
develop the tools and practices needed to work in the Centre, which translates into more indepth analyses and improved forecasting procedures in the years to follow. The Centre also
participates in the RA IV Hurricane Forecasting course held every year at the National
Hurricane Centre in Miami, Florida. This 2-week course offers additional training while allowing
forecasters to engage with other forecasters in Miami and the Caribbean. The CHC also sends
experts to work alongside the hurricane specialists in Miami on an annual basis to gain
knowledge into the intricacies of tropical storm formation, development and eventual
evolution. And finally, the CHC has contributed within the Atlantic basin, and in other locations
around globe, providing expertise to training programs on extratropical transition, trappedfetch waves and storm surge.
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Programme collaboration
When there is a tropical system threatening eastern Canada, the Canadian Hurricane Centre
leads the collaboration with storm prediction and aviation & defence centres in Ontario, Quebec
and Atlantic Canada, Warning Preparedness Meteorologists and the Canadian Centre for
Meteorological and Environmental Prediction. The CHC also provides advice to the operational
centres serving Canada’s west coast for those rare occurrences of a transitioning tropical
system in the northeast Pacific. In addition, the Centre is in close collaboration with the
Regional Specialized Meteorological Centre in Miami, determining track and intensity forecasts
for events in Canadian waters. Communication between all of these groups is instrumental in
maintaining a clear and cohesive message. The Centre participates in media briefings with
federal and provincial government personnel and responds to media requests.
Over more than the last decade, the CHC has put particular emphasis on supporting the
emergency management community by developing a comprehensive training program,
providing pre-seasonal preparatory briefings and working with emergency managers at all
levels of government to develop an operational briefing structure when tropical cyclones
threaten Canada. In many cases, a Warning Preparedness Meteorologist will also be embedded
within an emergency operations centre during a tropical cyclone to provide direct support to
those agencies.
Regional and Global collaboration
Canada is part of the WMO international community of nations focused on tropical cyclones.
Canada has had a permanent representative on the WMO RA IV Hurricane Committee since
1989 and participates in joint operational planning, training and scientific research for the
Atlantic and Caribbean basins. Canada has participated in the quadrennial International
Workshops on Tropical Cyclones over the past three decades as well as being closely involved
with organizing and participating in several International Workshops on Extratropical
Transition, one of which was hosted in Halifax, Nova Scotia in 2003.
Through these formal mechanisms supported by the Tropical Cyclone Programme of
coordination, training and cooperation, more informal collaborations have naturally evolved.
These collaborations allow for a large network of meteorologists and hurricane specialists, a
global cooperative of professionals, to exchange and compare tropical cyclone information,
often in “real-time”. Forecasters can access the thoughts and opinions of colleagues around the
world through informal forums and formal coordination mechanisms with the Regional
Specialized Meteorological Centres and Tropical Cyclone Warning Centre’s, where they can look
at the same data at the same time. This has played a tremendous role in advancing tropical
forecasting competencies globally and specifically within Canada.
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China
Achievements and Progress of China
1.

TROPICAL CYCLONE FORECASTING SERVICES

1.1

Development of GRAPES_TYM

The typhoon numerical forecast system (GRAPES_TYM) is developed based on the selfdeveloped GRAPES numerical forecast system. Since it was put into quasi-operational
operation in 2012, it has been continuously improved in the key technologies, resolution, and
forecasting range. The ability of typhoon forecasting has been steadily enhanced. It has
provided the important support for the meteorological department to predict and prevent
typhoon disaster risks.

Figure 1: GRAPES_TYM forecasting range
2010

Developed regional typhoon numerical forecast system and ocean wave numerical
forecast.

2012

The model resolution was 15 km/32 layers, and the system is operationalized,
covering the Northwest Pacific and South China Sea. V2.2 (0.15°/L32)，72h/2
times/day.

2014

Achieved a 5-day numerical forecast of ocean waves of 50 km in the global sea
area, 16 km in the Northwest Pacific Ocean and 6 km in the offshore waters of
China

2015

The model resolution is 12 km, 50 layers, and the near-surface physical process is
improved, and the forecast time effect is up to 120h

2017

The vortex initialization scheme is optimized and the vortex repositioning is
cancelled to form GRAPES_TYM 2.1v.

2019

GRAPES_TYM 3.0v with a horizontal resolution of 9 km realizes operational
operation with 68 vertical levels. The forecast area has been expanded to most
Asian regions. The integrated GFS operation of typhoons has added 10-day global
ocean wave forecasts such as wave height, wave direction, and wave period.
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Figure 2: Improved TC NWP Models
1.2

Case：HATO (1713) smashed hit Maco from 22 to 23 August 2017

2017–08–23 00UTC—08–24 00UTC

Figure 3: 24h Accumulated Precipitation
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Figure 4: 10 m wind and surface pressure variation between before and after
landing at Zhuhai station
1.3

Enhancement of the TC Ensemble Application

Before 2012, the TC forecasting ratio was low in China. However, it gradually entered an
advanced level after 2012. In the past few years, the track forecast error of typhoon in my
country was more than 100 kilometres. From 2015 to 2017, the track forecast error was more
than 60 kilometres.
At present, typhoon forecasting mainly adopts objective forecasting methods, mainly relying
on numerical weather forecasting, especially ensemble forecasting technology. Through the
latest live positioning, a certain number of "good members" are selected in the typhoon track
ensemble forecast. The "average performance" of a few "good members" is naturally better
than the ensemble average.
In 2011, ensemble forecast data began to enter the real-time database of the National
Meteorological Centre.
In 2012, the ensemble forecasting team was established. Preliminary research and operational
trials based on ensemble forecast path correction methods have been carried out.
In June 2013, the China Meteorological Administration formulated the "Ensemble Forecast
Operational Application Work Plan (2013–2015)" to promote the development of ensemble
forecasts nationwide. Improve the method of selecting members and increase the accuracy of
forecasting.
In 2016, developed the dynamic positioning technology.
In 2017, added the deterministic model.
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Another reason for the improvement of typhoon path accuracy is the use of satellite data,
especially the launch of the Fengyun 4 satellite in 2016, which will provide higher resolution
images and provide more reliable and more detailed observation data for typhoon positioning
and strength determination.

Figure 5: Typhoon track forecast error（1991–2019）
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Figure 6: Typhoon intensity forecast error （1991–2019）
2.

EXPLORATION OF THE APPLICATION OF ARTIFICIAL INTELLIGENCE IN
TYPHOON MONITORING

Based on historical meteorological satellite data, a fundamental data set is developed by using
tropical cyclone intensity and corresponding satellite images, meanwhile the deep
convolutional neural network is used to model training. The final estimated tropical cyclone
intensity can be given through the following chart. In sample test, the mean absolute error for
intensity is below 3 m/s, which is believed to have incredible application value in the next step.
3.

ISSUE TROPICAL CYCLONE STANDARDS
2006：Grade of tropical cyclones；
2017：Tropical cyclone naming；
2016：Chinese terminology of global tropical cyclones；
2016：Grade of global tropical cyclones

4.

INTERNATIONAL COOPERATION

4.1

Joint Typhoon video and telephone conference

The joint Mainland-Hong Kong-Macao video conferences held on 15 September 2018 about
Super Typhoon Mangkhut (1822) prove to be a valuable exploration into the possibility of
establishing a regular consultation mechanism. Each side has fully exchanged their viewpoints
regarding ocean surface observation, satellite data analysis and numerical prediction, to finally
reach a joint conclusion.
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For close attention to possible strong winds and severe rains brought by MANGKHUT （2018）
in the South China Sea and offshore Vietnam, at the invitation of the National HydroMeteorological Service of Viet Nam (NHMS), experts from the National Meteorological Centre
(NMC) of China and Guangzhou Regional Meteorological Centre talked about MANGKHUT track,
intensity, wind and rain impacts with Vietnam colleagues in a joint video conference, with
particular regard to storm surge and tidal wave forecast upon typhoon land falling. As well as
in 2017, according to the requirement from Vietnam National Centre for Hydro-Meteorological
Forecasting, expert from National Meteorological Centre of China has a telephone conference
with them in the afternoon of 3 July. The predicted track of MUN (1904) and possible time of
landfalling in Vietnam, correlated rainfall and gale winds after its landfalling were fully
discussed. Both sides had a special attention to the possible heavy rainfall when typhoon
moving inland.
4.2

Typhoon forecaster training programme since 2016

In 2016, the China Meteorological Administration (CMA) staged the first international training
and research events for typhoon forecasters. The first 10-days training on typhoon monitoring
analysis and forecast was held during October 10–19 in Beijing. Four forecasters, including two
from DPRK, one from Thailand and one from Viet Nam, have participated in training and
discussing. The trainees were lectured on a range of topics, including typhoon monitoring,
analysis and forecast, numerical typhoon modelling, and storm surge and wave forecasting.
The second two months research project was held from November 1 to December 30 in
Beijing. Two participants including one from Thailand and one from Vietnam have finished
background reading, data processing, analysing and report writing with the topic on
mechanism of rapid intensification and Dvorak analysis of rapid intensification TCs in the South
China Sea.

In 2017 the second training programme was held during September 18–27 on typhoon
monitoring and forecast, in order to promote the Typhoon Committee’s regional cooperation
and to enhance the typhoon monitoring and warning capability of the members in the region.
The 10-day training course covered rich contents, including the latest developments in the
areas of satellite imagery based tropical cyclone and marine weather analysis, quantitative
precipitation forecast, severe weather forecast, sea wave forecast and storm surge forecast, in
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addition to DVORAK practices and operations. Ton Thi Thao from Vietnam, Phatcharee Pratead
from Thailand and Aldczar D. Aurelio the Philippines, attended the training.

In 2018 the third training programme was held during December 10–19 in Beijing, mainly
focusing on building up abilities of real-time analysis and application of land falling typhoon
monitoring and prediction.
In 2019，The National Meteorological Centre (NMC) of CMA (World Meteorological Centre
Beijing) has organized Typhoon International Training every year since 2016 with the support
of the International Cooperation Department of CMA in order to advance the tropical cyclone
forecasting capacity. This year, World Meteorological Centre Beijing office jointly hosted the
TCRS with Typhoon Committee and co-organized the typhoon training programme with CMA
Training Centre. The seminar and the training programme were attended by 13 participants:
from Thailand (3), Vietnam (1), Sri Lanka (1), Myanmar (1), Maldives (1), Bangladesh (1), Lao
PDR (1), Singapore (1), Macao China (1) and Hong Kong China (2). The training was also
attended by 23 participants from NMC or provincial meteorological department of CMA.
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Costa Rica
THE IMPORTANCE FOR COSTA RICA OF THE WMO TROPICAL CYCLONE PROGRAMME
The establishment and development of the WMO Tropical Cyclone Programme (TCP) in 1980
fostered advances in research and knowledge and facilitated the transmission of this
knowledge to experts and through them to society, for the appropriate management of
hydrometeorological disasters.
Furthermore, the Tropical Cyclone Committees of the WMO regional associations have been a
key element in TCP development. The Hurricane Committee of Regional Association IV was
established before TCP and the other committees; it was, in fact, one of the first steps in this
important WMO programme.
It should be emphasized that the Tropical Cyclone Committees of the regional associations play
a decisive role in each season, since technical coordination and the definition of procedures to
be followed are extremely important for members when they have to deal with a disaster in
their own country. In addition, the TCP contribution is vital to achieve the objectives of each
Committee.
Moreover, for Costa Rica, the organization of the International Workshop on Tropical Cyclones
in 2006 was an extremely important event, as it brought to the country all world experts on
tropical cyclones, thus facilitating the exchange of knowledge and experience with national
meteorologists. It is, therefore, of the utmost importance to maintain this type of meeting in
order to refresh knowledge and give significant inputs to meteorologists in tropical regions.
TROPICAL CYCLONES IN COSTA RICA
Geographically located in the Central American Isthmus, Costa Rica can be affected by tropical
cyclones every year, whether from the Pacific or the Atlantic Oceans. Records of tropical
cyclones affecting Costa Rica go back to 1887.
However, cyclones have affected the country most often indirectly, with very heavy rainstorms
on the Pacific coast, which have caused major disasters. The direct impact of a tropical cyclone
was recorded in 1887, 1969 and more recently in 2016 with Hurricane Otto.
As expected, over the years, many tropical cyclones have affected our country. Below, we
recall some of them.
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HURRICANE JOANN
One of the tropical cyclones affecting the country indirectly was Hurricane Joann (misnamed
Juana by the media) in 1988, that is 100 years after the first tropical cyclone recorded in the
country.

Figure 1: Satellite image showing the centre
of Hurricane Joann near San Andrés

Rescue operation during the emergency in
Costa Rica

Source: http://tiempoyclimasv.blogspot.com.

Source: https://www.nacion.com

This cyclone killed 23 people and many went missing. Economic losses were estimated at
approximately 5000 million colons, which at the exchange rates of the time was equivalent to
US$ 62.5 million, representing a serious blow to the country’s economy which had already
suffered during that decade.
Furthermore, the lack of experience in this area, particularly among politicians and the media,
generated great tension in society because of the inadequate management of the situation in
the face of the possible consequences of the tropical cyclone, leaving aside the knowledge,
opinion and technical support of meteorologists.
However, this helped to raise awareness of the role of meteorologists in such events, and of
the need for proper management of hydrometeorological disasters, because now scientific data
play a major role in the decisions taken by the Civil Protection authorities, helping them to
make better use of the available resources.
Consequently, the way of dealing with emergencies caused by the indirect effects of tropical
cyclones changed radically after this experience, thanks mainly to the contribution of the
National Meteorological Institute to the National Emergency Commission. Moreover, we should
not fail to mention the technological deficit that was faced by meteorologists in our country.
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FROM HURRICANE CÉSAR ONWARDS
During Hurricane César (see Figure 2) 10 people died and 43 went missing: the economic
losses were estimated at 2600 million colons, which at the exchange rate of that time was
equivalent to approximately US$ 12.5.

Figure 2: Satellite image of Hurricane César
Source:
https://en.wikipedia.org/wiki/File:Cesar_19967–
28_0415Z.png

Rescue teams and volunteers in the
disaster zone
Source: https://www.nacion.com

After this tropical cyclone, various major events affected our country and not only in the
Caribbean Sea, as in the case of Mitch in 1998 and Tomas in 2010, but also off the Pacific
coast of Costa Rica, as in the case of Tropical Storm Alma. However, two tropical cyclones that
recently affected our country, Otto and Nate, deserve special mention.
Otto was a category 3 hurricane, which caused economic losses for the country of around
US$ 200 million and the death of 23 people. See Figure 3.

Figure 3: Satellite image of Hurricane Otto
Source:
https://es.wikipedia.org/wiki/Hurac%C3%A1n_Otto
#/media/Archivo:Otto_20161–24_1605Z.jpg

Ruins of the Thermomanía resort in
Bagaces, Guanacaste
Source: https://www.nacion.com

The indirect effects of Tropical Storm Nate (Figure 4) were particularly intense and caused
severe damage to the infrastructure, especially in the Pacific regions of Costa Rica, which was
estimated at US$ 385 million. Furthermore, 11 people died and two went missing.
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Figure 4: Satellite image of Tropical Storm
Nate
Source: https://www.imn.ac.cr/imagenessatelitales

Damage to the road connecting Paso Real
and San Vito in the southern Pacific region
of Costa Rica
Source: https://www.nacion.com

As can be seen, even though Costa Rica is in a strategic geographical position that spares us
most of the direct consequences of tropical cyclones, it is clear that other specific elements of
our country, its orography among others, leave it vulnerable to the severe impact associated
with the indirect influence of these phenomena.
TECHNOLOGICAL ADVANCES
Since 2016, thanks to the launch of the new generation of Geostationary Operational
Environmental Satellites (GOES)-R, it has been possible to have more and better means for
monitoring tropical cyclones. Figure 5 shows the Ground Station used by the National
Meteorological Institute for that purpose.

Figure 5

Left: installation of GOES-East antenna at the National Meteorological Institute.
Right: workstations connected with the receiving antenna.

Thus, the greater spatial and temporal resolution, the increase in available channels in the
spectrum, the possibility of creating GRB derived products and the development of instruments
such as the Geostationary Lightning Mapper (GLM), which detects atmospheric charges, enable
better tracking and forecast of these phenomena, hence the assistance provided to the
institutions in charge of people’s safety will also improve.
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FINAL OBSERVATIONS
Finally, I would like to mention the valuable contribution of TCP to our country in light of what
we have just described in this document. It is obvious that the contribution of experts in this
domain and the interaction we seek with neighbouring countries during the events sponsored
by the Programme help us generate knowledge and establish friendly and collaborative
relations which can be very useful in the face of major phenomena such as a hurricane.
On behalf of the staff of the National Meteorological Institute, I would like to thank you for the
opportunity to share these lines with you, hoping for the best for everybody, always.
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French Polynesia
Improving skills and cyclone management in French Polynesia
Authors : Fabrice Florian – forecaster, Frédéric Troc – deputy head of weather forecasting
office– Météo-France Centre for French Polynesia
A rather spared territory
French Polynesia, due to its geographical position in the centre of the South Pacific, is relatively
unaffected by tropical cyclone phenomena, most of which form in the west of the basin. This is
both a blessing and a challenge for the population in general, and the team of forecasters in
particular. Indeed, the relative rarity of tropical phenomena that cross our waters – over a
panel of 41 cyclone seasons between 1969 and 2010, 46 named tropical phenomena were
recorded, including 23 tropical cyclones – makes it difficult to understand and anticipate these
extreme phenomena. For the forecasters of Météo-France in French Polynesia, the issue is
therefore to maintain and develop expertise in this field despite this rather "preserved"
context, hence the key role and one of the priorities of the Tropical Cyclone Program.
Forecaster’s training : a major challenge
The TCP is celebrating its 40th anniversary this year, and French Polynesia has been an active
participant, particularly since 2000, when for the first time a forecaster was sent to attend a
training course organized under the aegis of the World Meteorological Organization.
Since then, several forecasters have been able to take advantage of the training courses
registered at the TCP, including the "RA V training course on tropical cyclones". In 2009, a
workshop on extreme weather events was held at the Météo-France Centre in French Polynesia
with the attendance of several colleagues from the Pacific

At the same time, rather than sending forecasters to be trained individually, there was a need
to expand the "cyclone forecaster" competency to the entire team. In that context, the
Regional Specialized Meteorological Centre of La Réunion Island has previously sent three
times one of their specialists to train all the Polynesian forecasters in a very advanced way. The
first time was in 2009, just one year before the passage of cyclone OLI on the island of Tubuai.
The forecasters put into practice all the knowledge acquired and were able to work serenely. In
the end, the trajectories and bulletins produced by Météo-France enabled the safeguard and
prevention measures to be implemented sufficiently in advance, therefore allowing the
authorities to efficiently organize information and shelter for the population, as well as the
management of resources and specific means of the Cyclone Contingency Plan.

51

Review for the Forty Years of WMO Tropical Cyclone Programme (1980–2020)

Tubuai (« Australes » Archipelago) after the tropical cyclone OLI has passed…
In addition, in order to keep forecasters up to date, an internal training course is organized
every year, which is essential in French Polynesia given the relatively few active cyclone
seasons.
The challenge is similar for the authorities, who must manage these extreme weather events
as well as Météo-France. It can even be exacerbated with the transfer of people from the
metropolis or other French territories where there is no cyclone risk, to French Polynesia.
Training Exercises with Civil Protection Agency and feedback from other nations
Collaboration between the Météo-France centre and the local authority responsible for the
safety of people and property, the High Commissioner’s office, and more specifically the
department of Civil Protection, is therefore vital. With this in mind, a training exercise is
organized every year before the start of the warm season and just after the presentation of
the seasonal outlook, in order to test the entire communication chain and possible new
productions. Today, these productions are the daily cyclone activity bulletin and the cyclone
bulletin to the authorities.
In addition, there is of course all the usual production, including that for the general public,
sea users and civil aviation.
One of the direct benefits of French Polynesia's presence within the TCP is the possibility of
being confronted with different ways of doing things in this field, each nation having its own
Operational Plan, more or less transposable according to the cultural and organizational
specificities of each country.
At this time, the Cyclone Contingency Plan in French Polynesia is based on a five-stage warning
system, issued in parallel with the so-called classic meteorological vigilance system.
These five stages are:
(i)

The cyclone watch

(ii)

The cyclone warning

(iii)

The cyclone pre-alert (orange alert)
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(iv)

The cyclone alert (red alert)

(v)

The safeguard phase (purple stage).

Cyclone Watch is activated as soon as the cyclone season starts on November 1. The warning
is triggered when cyclonic conditions are expected on the territory within 72 hours – the
criterion used for this being average winds over 10 minutes of the order of 100 kilometres per
hour -, and respectively 48 hours and between 12 and 18 hours for the pre-alert and alert.
The safeguard phase is decided, if necessary, after the passage of the tropical phenomenon
and the lifting of the red alert if indirect dangers remain in the affected area.
The TCP : an opportunity for French Polynesia
French Polynesia is therefore facing many challenges in terms of cyclone forecasting, and more
generally in terms of managing extreme phenomena. And although relatively unscathed, this
vast territory made up of numerous high islands and atolls remains nonetheless vulnerable.
The TCP is thus undeniably an asset and allows the forecasting service of Météo-France in
French Polynesia to continually explore new areas for improvement, whether it be in terms of
the technical skills of a "cyclone forecaster", or in terms of the ability to pass on the right
information to the right people at the right time. It also greatly facilitates sharing contacts and
information with the various meteorological services in the region.
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Hong Kong, China
Meeting the challenges in tropical cyclone forecasting and warning services
–

Recent achievements of Hong Kong, China

Hong Kong Observatory
Hong Kong, China
1.

BACKGROUND

Packed extreme winds, torrential rain, tropical cyclones (TC) and the associated storm surges,
have long been considered as the most devastating weather events on the Earth. In Hong
Kong, a densely populated coastal city in southern China, there are on average about six TCs
affecting the territory each year. While the improvement in infrastructure and in weather
warning systems in Hong Kong in the last century has effectively reduced the number of
casualties and damages due to TCs (Lam et al., 2012), various hazardous weather associated
with TCs could still inflict significant impacts and risks on public safety and various operations
in Hong Kong. Although there were no fatalities in Hong Kong during the ferocious strike of
Super Typhoons Hato and Mangkhut to the Pearl River Delta region respectively in 2017 and
2018, these two super typhoons served as wake-up calls to the society and provoked the need
to further enhance the city’s resilience and mitigation measures against extreme weather,
especially in the context of climate change (Choy et al., 2020). Established in 1883, the Hong
Kong Observatory (HKO) is the meteorological authority in Hong Kong, China. Over the years,
HKO has been providing various weather forecast and warning services to the general public,
including the implementation of the century-long essential TC warning signal system (Lui et al.,
2018). In recent decades, through advances in remote sensing, communication, and numerical
modelling technology, HKO continues to enhance its TC monitoring and analysis techniques as
well as forecasting and warning services with diversified dissemination channels to reach out to
more public and stakeholders (Wong and Choy, 2018).
Since the setting up of the Tropical Cyclone Programme (TCP) by the World Meteorological
Organization (WMO) in 1980, HKO has been actively contributing to TCP and participating in
different TCP-related activities with a view to promoting collaboration and knowledge sharing
among with international and regional TC communities. At the request of TCP, HKO hosted the
Tropical Cyclone Forecaster Website (http://severeweather.wmo.int/TCFW/) which had
provided a central portal with reference and training materials for TC forecasters since 2012.
The website was further enhanced in early 2019 to include difficult and extreme TC cases to
facilitate information exchange between operational centres and TC research community. In
recent years, HKO experts joined the Regional Specialized Meteorological Centres
(RSMCs)/Tropical Cyclone Warning Centres (TCWCs) Technical Coordination Meetings to share
views on operational forecasting and coordination issues. HKO experts had also actively
contributed to the International Workshop on Tropical Cyclone (IWTC) and IWTC-Landfall
Processes (IWTC-LP) series jointly organized by WMO TCP and World Weather Research
Programme (WWRP) in the capacity of rapporteurs and topic chairs. Former Directors of HKO,
Mr C Y Lam and Mr C M Shun, also respectively served as the Co-Chair of IWTC-VI in 2006 and
the Chair of Recommendation Committee of IWTC-VIII in 2014. Moreover, Hong Kong, China is
one of the founding Members of the ESCAP/WMO Typhoon Committee. HKO, as representative
of Hong Kong, China in the Typhoon Committee, has actively participated in various Typhoon
Committee activities and hosted the 30th, 45th and 52nd Sessions of Typhoon Committee
respectively in 1997, 2013 and 2020. Former and current Directors of HKO have also served as
Chairpersons of some of the Typhoon Committee Sessions, including Mr C M Shun in the 45th
Session and Dr C M Cheng in the 52nd Session.
The following paragraphs will concisely summarize HKO’s recent achievements in TC
monitoring and analysis, forecasting and warning services, and in public communication. Some
future thrusts to further TC forecasting operation and research will also be discussed.
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2.

MONITORING AND ANALYSIS

2.1

TC surveillance flights and dropsonde missions

HKO has been in close collaboration with the local aviation community to collect meteorological
observations for enhancing weather services. In 2011, the cooperation with the Government
Flying Service (GFS) was extended to reconnaissance flights to capture weather data for TCs
over the South China Sea by using the weather data probe installed on a fixed-wing aircraft.
This greatly enhanced HKO’s capacity in monitoring the location and intensity of TC in the
data-sparse ocean. To further enhance meteorological data collection in TC situation, HKO and
GFS have implemented a dropsonde launcher on a GFS Challenger aircraft. The first dropsonde
mission was carried out for TC Megi in September 2016 (Figure 1). The “sonde”, which carried
GPS-enabled meteorological sensors, was dropped from the aircraft to measure various
meteorological parameters including pressure, temperature, humidity etc. as it descended,
providing valuable information on the vertical structure of the tropical cyclone (Chan et al.,
2018). Dropsonde measurements provide valuable first-hand information on the intensity and
spatial structure of a storm, which improves both the analysis and forecast of tropical cyclones.
Data collected in each dropsonde mission will be shared with other meteorological agencies
immediately through the WMO’s Global Telecommunication System (GTS).

Figure 1. (Top) The Challenger – GFS’s fixed-wing aircraft for the dropsonde mission
(photo courtesy of GFS); (Bottom) Vertical meteorological profile (right, including
temperature, dew point and winds) sampled over the southwestern quadrant of
Severe Typhoon Megi (left, drop location in blue) during HKO’s first ever dropsonde
mission on 27 September 2016.
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2.2

Deployment of Drifting Buoys for Tropical Cyclones Monitoring

With the support of the Hong Kong voluntary observing ships, HKO has been deploying several
drifting buoys equipped with barometers and temperature sensors in the South China Sea and
the Western North Pacific during each TC season since 2015. Carried along by the ocean
currents, the buoys took in-situ atmospheric pressure and sea-surface temperature
measurements over the data-sparse sea areas and transmitted the data back to HKO on an
hourly basis via satellites for onward dissemination on GTS. The drifting buoys are arranged
under the Barometer Upgrade Scheme of the Global Drifter Programme (GDP) of the Data
Buoy Cooperation Panel (DBCP), a joint body of the WMO and the Intergovernmental
Oceanographic Commission of UNESCO. These buoys provided valuable observations during
their lifetime to usefully assist in the analysis of the location and intensity of tropical cyclones.
On 15 Sep 2018, Super Typhoon Manghkut passed to the vicinity of a drifting buoy off the
western coast of Luzon, the Philippines. A minimum pressure of 967.3 hPa was captured by the
barometer onboard the buoy, providing a critical piece of information about the intensity of the
storm that subsequently battered the Pearl River Estuary the next day.

Figure 2. (a) Deployment of a drifting buoy with the assistance of a voluntary
observing ship

Figure 2. (b) A minimum pressure of 967.3 hPa was captured by a drifting buoy to
west of Luzon, the Philippines during the passage of Super Typhoon Mangkhut
(2018) on 15 September 2018.

56

Review for the Forty Years of WMO Tropical Cyclone Programme (1980–2020)

2.3

Doppler Weather Radars

HKO has installed two Doppler weather radars at the hilltops called Tai Mo Shan and Tate’s
Cairn respectively for monitoring of the evolution of severe weather including the movement
and intensity change of TCs. In recent years, HKO conducted rapid scan experiment using the
Tai Mo Shan weather radar that performed 1 minute low-elevation scan in addition to the
conventional 6 minute volume scan by the Tate’s Cairn weather radar. With weather radar
information updated more frequently, the rapid scans, were found to bring positive impact on
TC intensity analysis (Hon and Kong, 2019; Kong, 2018).
3.

FORECASTING AND WARNING SERVICES

3.1

TC warning system

Since the first implementation of a numbered TC signal systems in Hong Kong as the local
warning system in 1917, the system has evolved in stages over the past 100 years. The
present warning system comprises five signals, namely Signals No. 1, No. 3, No. 8, No. 9 and
No. 10 to warn the public of the threat of winds associated with a tropical cyclone (Lui et al,
2018). While Signal No. 1 means “standby”, the latter four signals warn people of general
strong wind, gale or storm wind, increasing gale or storm winds and hurricane force winds
respectively in Hong Kong. Based on the current arrangements, when the No. 8 or higher
signal is issued, all school classes will be suspended and most of the business sectors will stop
operations. As such, No. 8 signal or higher signal has significant impacts on the economic and
social activities in Hong Kong. The numbered signal system is extremely well known in Hong
Kong with very effective response in the society. Moreover, during the passage of TCs, HKO
also maintains close liaison with other government departments on the evolution of the storms
and the likely local impacts on rain intensity, wind strength and storm surge. Specialized
services and assessments are provided to different sectors, including the aviation community,
the transport operators, the marine community, and emergency response organizations to
facilitate mitigation of TC hazards and disaster risk reduction. Based on experience from the
Super Typhoon Mangkhut event, the coordination and contingency arrangements in Hong Kong
were further enhanced to cater for the extreme conditions associated with super typhoons.
3.2

Enhancements of TC Forecast Services

HKO has been enhancing TC forecasting and warning services to the public in recent decades.
Currently, 5-day TC forecast track, with statistically prescribed uncertainty circles based on
past data, are provided to the public (Chan, 2018; Tam et al., 2015). To better communicate
the uncertainty of TC movement in longer term, an experimental version of the “Tropical
Cyclone Track Probability Forecast” service was launched in August 2017 to provide the
probability of TC track in the next 9 days within the HKO’s area of responsibility (7–36oN, 100–
140oE). The track probability forecast provides an objective assessment of the trends of TC
movement for early appraisal by members of the public and for rebutting misleading
speculation on TC threats commonly found on the internet and social media. In late July 2020,
the track probability forecast was further enhanced to cover the whole Western North Pacific
basin (Figure 3). In addition to the existing 9-day public weather forecast for Hong Kong,
which is presented traditionally in deterministic terms, an "Extended Outlook" was introduced
to provide forecast of mean-sea-level pressure (MSLP) variation in Hong Kong, among other
forecast elements, out to 14 days ahead. Represented in the form of a “colour ribbon” on a
time series chart, the calibrated probability of MSLP, based on Ensemble Prediction System
data, is disseminated to the public via HKO’s website and mobile app on a daily basis as a
means to directly communicating to the public the uncertainties and possibilities of various
weather scenarios. For instance, a high probability of significant drop in MSLP in the forecast
may indicate an approaching TC. This new service allows public to easily keep track of the
pressure evolution trend and make necessary preparation at the earliest instance possible.
Figure 4 shows the forecast associated with Super Typhoon Mangkhut in September 2018.
There, a pronounced signal with an appreciable chance for pressure to drop drastically on
16 September way below the normal climate range (grey lines) hinted that Mangkhut might
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come close to Hong Kong and bring extreme low pressure to the territory on that day.
In 2019, HKO launched on its website a one-stop service webpage “Earth Weather”
(https://maps.hko.gov.hk/wxviewer/) featuring computer forecast model products on a
Geographic Information System (GIS) platform for convenient access by the public. With
interactive display/overlay of TC forecast tracks and different model forecast products (e.g.
wind direction, direction of waves and swells displayed in animation, etc.), the webpage allows
members of the public to easily appreciate the large-scale weather changes in the Asia-Pacific
region for the next few days. The integrated information will help the public to better plan their
weather-sensitive activities and prepare for the changes in advance.

Figure 3. The “Tropical Cyclone Track Probability Forecast” for named tropical
cyclones in the Western North Pacific.

Figure 4. The MSLP probability forecast associated with Mangkhut in
September 2018.
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Figure 5. Wind forecasts overlaid with HKO TC forecast track in “Earth Weather”
webpage.
3.3

Tropical Cyclone Nowcasting

HKO has been developing an in-house nowcasting system, namely SWIRLS – “Short-range
Warning of Intense Rainstorms in Localized Systems”, in support of rainstorm forecast and
warning operation. To improve TC rainfall forecast, a modified echo tracking scheme has been
implemented in SWIRLS to separate motion of spiral rainbands from overall movement of TC
(Woo et al., 2014). With the latest generation of geostationary meteorological satellites
providing high spatial and temporal resolution data, nowcasting products on significant
convection, precipitation, initiation, and development of thunderstorms are made available
every several minutes. In SWIRLS, a machine learning model has been developed to retrieve
radar reflectivity using various channels of imager data. Furthermore, a full satellite
nowcasting suite based on the EUMETSAT Satellite Application Facility on support to
NoWCasting and Very Short-Range Forecasting (SAFNWC) software is under active
development in HKO. The Convection Initiation (CI) and Rapid Developing Thunderstorm (RDT)
products so generated are found to perform effectively as precursors to thunderstorm initiation
over the coast of southern China, and to depict inner-core convective bursts that attribute to
rapid intensification of TCs (Wong et al., 2018).
With a view to promoting knowledge exchange and supporting capacity building on rainfall
nowcasting techniques for high-impact weather, HKO has developed a community version of
SWIRLS (a.k.a. Com-SWIRLS) (Wong et al., 2016) to share with several meteorological
services in China, as well as other countries such as the Philippines, Malaysia, Vietnam, India
and South Africa. Through Typhoon Committee Research Fellowships and WMO workshops in
the past few years, Com-SWIRLS has been further evolved to incorporate contributions from
the community, resulting in new functionalities, improved code portability and comprehensive
knowledge base on setting up and applying Com-SWIRLS.
In mid-2018, HKO was designated by WMO as a Regional Specialized Meteorological Centre
(RSMC) for Nowcasting. A dedicated website to provide real-time rainfall nowcast and
significant convection products has since been established (https://rsmc.hko.gov.hk/). More
radar and satellite nowcasting products would be implemented in RSMC for Nowcasting website
in the forthcoming years.
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Figure 6. (left) Homepage of Hong Kong Observatory RSMC for Nowcasting;
(right) 6-hour significant convection nowcast of Mangkhut based on simulated
reflectivity of Himarwari-8 satellite data at 23:30 UTC 15 September 2018.
4.

PUBLIC COMMUNICATION

4.1

Diversified communication channels

Over the years, HKO kept pace with the scientific advancement to utilize the latest technology
to deliver weather and warning information to the public and various stakeholders through
diversified channels. In addition to the traditional channels (TV, radio, newspapers, etc.), HKO
established a website (https://www.hko.gov.hk/en/index.html) as early as 1996 and since then
has continued to strengthen the website content. Riding on the upsurge of mobile technology,
HKO released the “MyObservatory” mobile app in 2010 to provide weather forecasts for users
on-the-go. Online information and location-specific weather services communicated through
the HKO website and the “MyObservatory” mobile app respectively allow users to conveniently
access first-hand TC-related information anywhere and anytime. In 2019, the number of page
views of HKO's online information services (including mobile apps and websites) had exceeded
187 billion. In 2020, the cumulative number of downloads of the "MyObservatory" surpassed 8
million.
Social media is an effective means for public engagement. HKO officially launched its Facebook
page and “hk.observatory” Instagram platform in early 2018, aiming to explain various
weather phenomena, to promote public understanding on meteorology and to rebut rumours
on weather events. Public engagement on Facebook page and Instagram platform was
regularly made through the use of photos, videos, computer animation and infotainment. On
the other hand, HKO also produces weekly educational videos named “Cool Met Stuff” covering
a diversity of topics ranging from weather, climate, climate change, Earth sciences to
astronomy. These have been featured on local TV stations and uploaded to HKO’s Youtube
channel since 2014 to raise public awareness on weather and climate issues as well as natural
disaster prevention. During typhoon situations, timely social media posts, media briefings and
TV weather programs are organized to provide the latest TC information and remind public of
the impacts of various hazards associated with TCs.
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Figure 7. Weather warning dissemination and communication channels of HKO.

Figure 8. HKO’s “Cool Met Stuff” educational videos on the impacts of
Super Typhoons Hato and Mangkhut.
4.2

Exemplary case – Super Typhoon Mangkhut in 2018

The utilization of various information delivery channels in early TC warning was welldemonstrated during the passage of Super Typhoon Mangkhut, which necessitated the
issuance of the No. 10 Hurricane Signal (the highest TC signal) in Hong Kong on 16 September
2018. Almost a week before the closest approach of Mangkhut, HKO alerted the Government of
the Hong Kong Special Administrative Region to the potential serious threat of the storm. Long
term probabilistic forecast track of Mangkhut was provided to the public via HKO’s Facebook
and website to alert them of the possibility of the storm coming very close to Hong Kong. In
the subsequent few days, HKO continued to post various educational videos, press briefing
videos and infographic on social media, to remind public about typhoon hazards and necessary
measures that should be taken. Special weather tips were also delivered to users through the
“MyObservatory” mobile app and website to alert the public about the risk of storm surge and
flooding. As Mangkhut was a fast-moving storm and posed a serious threat to Hong Kong, the
HKO issued local TC warnings well in advance to give early alert to the public and government.
A joint interdepartmental press briefing was conducted two days before the closest approach of
Mangkhut to alert public of the serious threat and remind them to take early precautionary
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measures. As Mangkhut came closer to Hong Kong, storm surge alert was provided for floodprone locations to facilitate the triggering of emergency response actions by relevant
government departments and local residents. By that time, the city was on high alert in
preparation of the storm. During the passage of Mangkhut, the latest warning status, the
actual and predicted increase in local sea level induced by storm surge, were posted on
Facebook so as to alert the public the real-time devastating situation. It turned out that no
fatality was recorded in Hong Kong under the serious threat of Mangkhut, which proved the
effectiveness of the early warnings in reducing typhoon risks and ensuring public safety. Photos
and videos on impact and damages brought by Mangkhut were subsequently collected from
the public via crowdsourcing on Facebook platform, which proved to be an effective means to
collect disaster-related impact information. These photos/videos have been consolidated in
HKO’s “Interactive Map of Storm Damage by Mangkhut” webpage
(http://www.weather.gov.hk/cwsrc/index_mangkhut.html), which serves as useful archive for
future study and public educational purpose.

TC track probability
forecast

TC impacts for different
landfall locations

TC hazards
– high winds

Figure 9. Starting from almost a week before Super Typhoon Mangkhut hitting
Hong Kong, Facebook posts had been published to give early alert to the public on
potential typhoon threats and timely communication of hazards during its passage.
4.3

SWIC and GMAS

Under the coordination of TCP, HKO has developed the Severe Weather Information Centre
(SWIC) website (https://severeweather.wmo.int) that provides a single and centralized source
for the media to access official warnings and information issued by National Meteorological and
Hydrological Services (NMHS) efficiently and effectively. The SWIC website became operational
on 23 March 2005 and as in mid-2020, 21 WMO Members participated in the operation. To
support WMO’s initiative of Global Multi-hazard Alert System (GMAS) in contribution to the
Sendai Framework for Disaster Risk Reduction, the SWIC has been revamped to aggregate and
display official weather warnings issued by NMHSs, which are coded in Common Alerting
Protocol (CAP) format on a Geographical Information System (GIS) platform. The beta version
of SWIC 2.0 (https://severeweather.wmo.int/v2) was launched jointly by HKO and WMO in
October 2018. Up to mid-2020, about 70 official data feeds of warnings and alerts were
incorporated on the SWIC 2.0. It also displays the TC advisories and warnings from RSMCs,
TCWCs, and National Meteorological Centres (NMCs) in the Typhoon Committee region.
Moreover, to enhance the visibility of NMHSs as the authoritative source of warnings at global,
regional and national levels, the Asian version of the Global Multi-hazard Alert System (GMASAsia) was jointly developed by HKO and China Meteorological Administration (CMA). The
GMAS-Asia (https://gmas.asia) platform consists of a public facing portal displaying official
weather warnings in CAP format issued by NMHSs in RA II of WMO. It also provides a
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restricted portal for exclusive use by NMHSs. The restricted portal provides advisory forecast
and warning products, and features a chatroom to facilitate coordination between NMHSs’
forecasters in cross-boundary weather events.

Figure 10. Screen capture of beta version of SWIC 2.0 displaying global authoritative
weather warnings and information.
5.

FUTURE THRUSTS

5.1

Towards impact-based forecasting

The TC and related services of HKO will be further developed with increasing focus on impactbased forecasting and risk-based warning, in line with WMO’s guidelines. Along this line, one
successful factor will be to enhance communication with different stakeholders including better
understanding their needs and soliciting impact data. Studies on the relationships between
different weather hazards brought by TCs and the respective social impacts will be one of the
ways forward. Apart from impact studies, probability forecasts will also need to be further
developed to facilitate provision of objective risk-based warnings/alerts.
5.2

Big data, crowdsourcing, and new data analysis techniques

In the big data era, an ever-increasing amount of information has become available from both
meteorological and non-meteorological sources. It is well known that severe weather
associated with TC could exert high impacts to various sectors in a modern society, e.g.
destruction of infrastructures, disruption to traffic, extensive flooding in low-lying areas, etc.
HKO has recently gained access to non-meteorological impact data streams, e.g. incidents
reports and traffic data, from external partners with a view to promoting common situational
awareness and decision-making by the weather forecasters. With the application of artificial
intelligence and deep learning techniques on the impact data, more insights on weather impact
could be gained. Meanwhile, GIS techniques were also applied to visualize and integrate the
impact data with weather data to facilitate weather forecasters to identify weather-related
risks and to quantify the potential impact of extreme weather events. To make better use of
crowdsourcing in collecting near real-time weather-related reports from the public, a new
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feature “My Weather Observation” will also be launched on the “MyObservatory” mobile app to
allow users to submit reports of weather phenomena, such as those related to TCs.
Moreover, novel machine learning models have been developed to enhance radar nowcasting in
SWIRLS in recent years. The advanced recurrence neural network models can improve the
skills of precipitation nowcast of heavy rain (30 mm/h) in the next 1–2 hours by incorporating
spatial-temporal evolution of significant convection systems, or growth and decay of radar
reflectivity pattern in the deep learning models (Shi et al., 2015 and 2017). Research
development of deep learning techniques and applications to geostationary satellite imagery,
or blending with the radar mosaic and NWP models to enhance precipitation nowcast for TCs
and related extreme rainfall processes are being explored.
5.3

International cooperation on TC data sharing

HKO has been contributing to various regional and international collaboration projects to help
advance capacities of NHMSs in TC analysis and forecasting, as well as supporting the
development of impact-based forecast and hazard communication. In the fourth phase of WMO
TLFDP, for example, it is planned to enhance the data exchange to foster more efficient
development of TC analysis and forecasting in collaboration with the Shanghai Typhoon
Institute of CMA and other institutes. A data sharing platform based on multi-nodal network or
cloud-based services would be explored for efficient exchange of TC observations, NWP model
and EPS data, TC analysis, forecast products or guidance among the participating
meteorological services and institutions. The planned data sharing platform would also provide
a data portal to host new types of TC observations collected from observation campaigns in
different basins.

Figure 11. Upcoming “My Weather Observation” crowdsourcing feature on the
“MyObservatory”.
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Madagascar
Tropical cyclones and tropical storms, an ongoing threat to Madagascar

1.

Madagascar and tropical cyclones

Situated in the South-West Indian Ocean, about 400 km east of the African continent,
Madagascar is over 1 500 km from north to south and lies entirely within the tropical zone. It
is the fourth largest island in the world, and its location with respect to prime cyclogenesis
areas and the global trajectories of the cyclonic systems forming in these areas makes it one of
the first countries in its region to be exposed to cyclones.
Every year from 1 November to 30 April, Madagascar is impacted by an average of two
cyclonic systems of tropical storm intensity (average wind speed > 64 km/h) or greater.
Throughout the country’s vast history with these systems, it has experienced a number of
typical, atypical and even rare cyclone scenarios. Although not a common occurrence, some
cyclone seasons are abnormally active (for example, the 1980/1981, 1981/1982, 1993/1994,
1999/2000, 2003/2004 and 2006/2007 seasons), with up to four or five storms making
landfall in the space of only a few months. The damage caused by these storms is always
enormous and has accumulated over the years, greatly affecting the socioeconomics of the
country.

Figure 1. Left: flooding in the north-east of Madagascar (Sambava) after the
passage of Intense Tropical Cyclone Enawo on 7 March 2017; right: flooding in the
town of Toliara in the south-west of the country following the rupture of a
protection dyke after the passage of Tropical Cyclone Haruna on 22 February 2013
Source: National Office for Disaster Management [Bureau National de Gestion des Risques et des
Catastrophes] (BNGRC)

The first system in the basin usually appears in October/November, but the period in which
Madagascar is directly impacted by cyclonic systems extends roughly from the end of
December to the beginning of April, with peak activity occurring from January to March. The
country is often affected by intense to very intense systems at the end of the season
(March/April).
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Many of these cyclonic systems remain in the collective memory of Madagascans for
generations. The table below lists a number of the more significant cyclones impacting
Madagascar over the past 40 years.
Table 1. Cyclones having a significant impact on Madagascar

Name

Kamisy

Honorinina

Geralda

Hudah

Cyclone
season

1983/1984

1985/1986

1993/1994

1999/2000

Date of impact

Intensity on
landfall

9 April 1984

Tropical
cyclone

15 March 1986

Tropical
cyclone

Average
wind
speed/gusts
(km/h)

Impact

120/170

82 deaths,
damages
estimated at
US$ 150 million

130/185

99 deaths,
damages
estimated at
US$ 23 million

176/195

231 deaths, 73
missing,
damages
estimated at
several million
US dollars

210/296

111 deaths,
damages
estimated at
several million
US dollars

2 February 1994

Intense
tropical
cyclone

2 April 2000

Intense
tropical
cyclone

220/300

217 deaths,
damages
estimated at
US$ 150 million

Gafilo

2003/2004

7 March 2004

Very intense
tropical
cyclone

Indlala

2006/2007

15 March 2007

Intense
tropical
cyclone

175/195

N/A

Ivan

2007/2008

17 February 2008

Intense
tropical
cyclone

175/195

N/A

Haruna

2012/2013

22 February 2013

Tropical
cyclone

150/200

N/A

Source: Météo Madagascar/BNGRC database

Severe Tropical Storm Elita was atypical with respect to its trajectory. It made landfall on
Madagascar three times, on 28 January, 31 January and 3 February 2004. Very Intense
Tropical Cyclone Gafilo also impacted Madagascar multiple times, making landfall on 7 March
2004 and again on 9 March 2004.
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b

Figure 2. (a) Gafilo (March 2004) 13 hours prior to impact, (b) Haruna (February
2013) approximately 9 hours prior to landfall
Source: European Organization for the Exploitation of Meteorological Satellites (EUMETSAT)

Figure 3. Trajectory of tropical disturbances in the South-West Indian Ocean basin
for the 2003/2004 season
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The east coast of Madagascar is more affected by cyclonic systems due to its direct exposure
to the Indian Ocean, where more than 80% of the systems making landfall on the country
originate.

Figure 4. Cyclone trajectories from 1848 to 2013 showing the total exposure of the
island
However, as disturbances reach the island through the Mozambique Channel, they may
experience a rapid and explosive evolution. This phenomenon has been called “the miracle of
the Channel” by local forecasters and is what occurred in the case of Tropical Cyclone Haruna,
which made landfall in the south-west of the country in February 2012, causing the breach of a
flood protection dyke, which in turn led to catastrophic flooding in the south-west city of
Toliara.

69

Review for the Forty Years of WMO Tropical Cyclone Programme (1980–2020)

2.

Regional solidarity to prevent risks associated with cyclones: the Tropical
Cyclone Programme

The World Meteorological Organization Tropical Cyclone Programme coordinates and directs
global tropical cyclone initiatives: monitoring, forecasting, research and development, and
training. Its principal activities focus on countries that are regularly impacted by tropical
cyclones. Madagascar, like its sister islands, has been a member of the Regional Association I
(RA I) Tropical Cyclone Committee (TCC) since its creation. Much of the work of this committee
involves planning operational activities to address multiple cyclone threats.
At the national level, the Madagascar Meteorological Service is the official authority responsible
for monitoring and forecasting tropical cyclones and issuing alerts.

Figure 5. Early Warning System information flow diagram
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Figure 6. Madagascar Regional Area of Responsibility
At the regional level, the Madagascar Meteorological Service acts as a regional tropical cyclone
sub-centre (October 2019 Operation Plan) for the area west of 55°E. It names cyclonic
disturbances, when necessary provides technical assistance to member countries, and issues
special marine bulletins in collaboration with the La Réunion Regional Specialized
Meteorological Centre (RSMC).
3.

History of cyclone monitoring and forecasting in Madagascar

Cyclone monitoring and forecasting are at the heart of the activities of the national weather
forecasting centre. These activities became an integral part of the operational activities of the
centre around 1911. Before the establishment of the La Réunion RSMC in 1993, the
Madagascar Forecasting Centre played a crucial role in the region.
Operational practices have undergone numerous changes over the past 30 years. In the 1980s
and 1990s, Madagascar still had a radar observation network. Combined with surface
observations, which at the time were still fairly dense over the entire country, radar
observations made it possible to detect and forecast a cyclone threat 12 to 30 hours in
advance. Analyses were completely manual (isallobaric, surface and altitude synoptic map).
Synoptic forecasts were carried out by simple extrapolation and were based on climatology and
persistence and the knowledge, experience and good practices acquired over the years. Access
to satellite imagery was very limited. In fact, it was not until July 1998 that the first
geostationary satellite coverage was provided over the South-West Indian Ocean basin
(Meteosat 5). A series of Sun-synchronous satellites provided many images before this date,
but the temporal resolution was low (twice a day). This created a considerable constraint in
terms of continuous monitoring. Productions and alerts were handwritten and transmitted by
single-sideband modulation or provided directly to the authorities and the media.
Madagascar did not have access to modern scientific and technological developments until the
2000s. The Madagascar Forecasting Centre acquired its first SYNERGIE forecasting workstation
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in 2005 as part of a regional project. Madagascar also began to use digital products at this
time.
In terms of disaster risk reduction, the Directorate General of Meteorology switched to a
colour-coded Cyclone Warning System on 1 November 2013; the World Meteorological
Organization has provided valuable support for the implementation of this new warning
system. In addition, during this season, the Directorate General of Meteorology began the
process of establishing a multi-hazard forecasting and warning service by expanding its
meteorological monitoring from its traditional Cyclone Alert Service.
The Directorate General of Meteorology is an integral part of the disaster risk management
platform and plays key roles in the decision-making processes of preparation, emergency
response, and lessons learned at the national level. Its input often directly requested by
the offices of the president and the prime minister when a major episode is expected to impact
the country.
Since the 2016/2017 cyclone season, the Cyclone Monitoring and Forecasting Service has
attempted to improve its provision of services by redefining its criteria for triggering cyclone
alerts taking into account national vulnerability, by facilitating access to warning products and
advisory services through the integration of the Service into social networks and by updating
the manner in which it provides televised meteorological services.
Currently, the main activities of the Directorate General of Meteorology Monitoring, Forecasting
and Warning Service include anticipating the risk of cyclogenesis, early detection of threats,
cyclone forecasting up to 120 hours in advance and introducing the concept of impact-based
warnings.
Communication is vitally important for prevention activities and to help communities
in Madagascar cope with tropical cyclones
As is the case for all its services, Météo Madagascar devotes a great deal of effort to
communication; disseminating all available information BEFORE and DURING a cyclone season
plays a key role in helping to ensure that the population is safe and in reducing property
losses.
Specifically, Météo Madagascar receives information products from the directorates responsible
for weather forecasting and hydrometeorological research and communicates these products
through the available channels in an effort to increase the level of community preparedness
and minimize loss.
The following table summarizes the information products communicated and the channels used
in the preparation phase and during the passage of a cyclone.
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DURING

BEFORE

Products

Description

Communication channels

Climate outlook
with respect to
cyclone activities
in Madagascar

Forecasts of the number of
cyclones affecting Madagascar
during the cyclone season

Radio, TV, press (written, radio,
TV), workshops with risk and
disaster management experts,
email, website, Facebook,
YouTube, risk and disaster
management communication
network

Seasonal
forecast bulletin

Precipitation and temperature
trends covering one to three
months

TV, email, website, Facebook,
YouTube

Climate outlook
for the hot and
humid season
(Madagascar)

Precipitation and temperature
trends (one to seven months)

Radio, TV, press (written, radio,
TV), workshops with risk and
disaster management experts,
website, email, Facebook,
YouTube, risk and disaster
management communication
network

In-season
bulletins

Precipitation forecast and risk
probability of cyclogenesis for
two consecutive seven-day
periods

Press (written, radio, TV), email,
website, Facebook, YouTube, risk
and disaster management
communication network

In-season
bulletins

Precipitation forecast and risk
probability of cyclogenesis for
two consecutive seven-day
periods

Radio, TV, press (written, radio,
TV), email, website, Facebook,
YouTube, risk and disaster
management communication
network

Short-term
(three-day)
forecast bulletin

Temperature, precipitation,
thunderstorm, wind condition
and other forecasts for the
following three days

Radio, TV, press (written, radio,
TV), email, website, Facebook,
YouTube

Monitoring and
early warning
notification

Special cyclone bulletin,
forecast of the trajectory of the
developing system with
corresponding alerts,
monitoring for heavy rain,
strong winds and strong swells

Radio, TV, press (written, radio,
TV), email, website, Facebook,
YouTube, risk and disaster
management communication
network
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4.

Training, skills maintenance and capacity building

The training component plays a crucial role in cyclone monitoring and forecasting. New
forecasters are usually trained and able to carry out cyclone forecasting tasks within two years.
At the end of the second year, they are able to carry out cyclone forecasting activities
independently. At the start of their training, forecasters are given access to the available tools
and materials: WMO and COMET/MetEd manuals and guides, previous training
materials prepared by RA I TCC, the updated cyclone database, and so forth.
Practical training sessions take place during the cyclone season and emphasize an
understanding of the environment in which systems evolve and critical reviews of the available
guides. The goal of these sessions is to introduce forecasters to forecast reasoning.
Capacity building is supported by the WMO Tropical Cyclone Programme through training
sessions held every two years. These sessions are an excellent opportunity for individuals from
RSMC and TCC member countries to interact, exchange information and share knowledge. In
the past, tropical cyclone training sessions for the southern hemisphere provided even greater
emphasis on the exchange of good practices at the international level. These sessions make it
possible to standardize practices and share advances in research with the operational world.
With a view to reinforcing practices, the Tropical Cyclone Programme has created immersive
internships designed enable participating forecasters to practice under the supervision and
guidance of established RSMC cyclone forecasters. These internships give participants from the
region access to the RSMC environment and the expertise of RSMC professionals.
Forecasters are able to maintain their skills through international seminars, online courses and
sessions organized locally prior to each cyclone season.
5.

Current situation and outlook

The operational service in charge of cyclone monitoring and forecasting has recently
undergone changes. The service provides 24-hour assistance only when there is a
cyclone/meteorological threat or emergency. It consists of five network and observation
technicians, three forecast engineers and two chief forecasters. As the SYNERGIE system is no
longer operational, the service has only one workstation for forecasters (PUMA 2015).
Madagascar operates a national synoptic surface observation network with only 21 stations,
which, unfortunately do not operate 24 hours a day. Many stations no longer provide complete
parameters. Only the synoptic station at Ivato International Airport (Antananarivo), managed
by the Agency for the Safety of Air Navigation in Africa and Madagascar [Agence pour la
sécurité de la navigation aérienne en Afrique et à Madagascar] (ASECNA), regularly performs
altitude observations by radiosonde. Fortunately, the advent of satellite imagery and products
has made it possible to partially alleviate these shortcomings.
Development perspectives are focused on three areas:
−

Rehabilitation and reinforcement of the surface and altitude observation network in
order to improve the national databases

−

Continual strengthening of procedures, methods and skills

−

Improvement of the work environment.
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Mexico
The WMO Tropical Cyclone Programmeand its benefits for Mexico
The geographical location of Mexico, between the basins of the Eastern Pacific and Atlantic
oceans, and in the area of influence of the Intertropical Convergence Zone, where important
generating areas for tropical cyclones are located, favours a high incidence of tropical cyclones
over the country and therefore, a high potential of damage due to winds, rains, flash floods,
storm surge, ocean waves and coastal floods, all of these resulting from tropical cyclone
activity. However, the annual rainfall that these phenomena produce over the country,
represents an important contribution to the capture and storage of water for different uses
such as water supply for the population, agriculture, livestock and industrial use.
In this document we summarize the main activities that are carried out during the tropical
cyclone season in preparation for the effects of these systems.
Protocol implemented in Mexico for tropical cyclones over the Eastern Pacific or
Atlantic Oceans.
Following the WMO RA IV protocol, the preparation of the advisories is carried out considering
the distance that the cyclone has to the closest coast of Mexico: When the system is more than
1,500 km from the Mexican coast, Tropical Cyclone (TC) bulletins are prepared every 12 h;
when the system is between 500 and 1,500 km away, bulletins and advisories are made every
6 h; with distances less than 500 km, TC notices are prepared every 3 h.
This is the general criteria for generating TC advisories and bulletins. In special cases the
prevailing conditions are taken into account and the procedure is adapted. For example, when
the TC is at a certain distance, but does not have the possibility of reaching national territory.
Protocol for the emission of TC advisories

Coordinated meetings with the National Civil Protection System
When a Tropical Cyclone threatens Mexico’s territory, the National Meteorological Service of
Mexico issues Tropical Cyclone bulletins and advisories. Also, meetings are scheduled with
members of the National Civil Protection System, for coordination with different government
entities through the Inter-Institutional Group of Tropical Cyclones. Subsequently, meetings are
held through the National Emergency Committee, which coordinates decisions at national level
to carry out preparation activities to safeguard the population, supply of food, fuel, supplies,
energy, logistics in maritime, air and land navigation, recreational, etc. Also, there are
evaluations of the risk of heavy rains that can generate floods, landslides and other effects
such as ocean wave action and storm surge.
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Coordination
meetings with the
Inter-institutional
Group on Tropical
Cyclones and the
National Emergency
Committee

Implementation of Common Alert Protocol (CAP) notices
It has already implemented warning notices for the main effects of Tropical Cyclones through
the system called Common Alert Protocol (CAP), where the area that is being watch by the
extreme meteorological conditions that are specified in a display.
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Map of Mexico with the area that is forecasted to have extreme weather conditions
for its use in the Common Alerting Protocol.
Use of SMS messages
Another tool used in Mexico to spread meteorological advisories when there is a risk of severe
weather phenomena, such as a TC threatening Mexican territory, is with messages SMS, which
broadcast the messages to mobile phones within the danger areas within the country, like this:

AVISO CONAGUA: TORMENTAS INTENSAS CON GRANIZO Y VIENTO LA
TARDE Y NOCHE DE HOY Y MAÑANA EN SU LOCALIDAD. ATIENDA
INDICACIONES DE PROTECCIÓN CIVIL.
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Selection of the country areas that will have extreme
weather conditions for SMS emission

Press Conferences for Tropical Cyclone preparation
The National Meteorological Service of Mexico holds press conferences to notify the media and
the general population about the presence of any Tropical Cyclone that is likely to affect any
region of the territory, the probability of the event, as well as possible hydrometeorological
effects. During the COVID-19 emergency, press conferences have been carried out using
videoconference applications.

Press Conference
for an Eastern
Pacific Tropical
Cyclone

Publication of information
The information that is issued about the presence of a Tropical Cyclone is published on the
National Meteorological Service website, also on the media, such as twitter, radio, TV, written
press, etc.

78

Review for the Forty Years of WMO Tropical Cyclone Programme (1980–2020)

Publication of tropical
cyclone warnings on the
SMN website

Posting tropical cyclone advisories on Twitter

The Tropical Cyclone Early Warning System in Mexico
When a Tropical Cyclone is threatening the country, the National Civil Protection System emits
an early warning bulletin using a five-colour code for the Municipalities that are forecasted to
have impacts of the hydrometeor. The timing and classification of each colour is defined using
the intensity of the cyclone (maximum sustained wind), the size of the wind field and the track
forecast. Each colour is related to the activities that every member of the Civil Protection
System has to carry out and also the recommendations for the population at risk.
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Extract of the
Tropical Cyclone
Early Warning
System Bulletin for
Tropical Storm
Hanna in July 26th,
2020
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New Zealand
New Zealand’s coordinated all-of-government response to natural disasters in the Pacific relies
on the New Zealand MetService (via Tropical Cyclone Warning Centre Wellington) to provide
technical data and information on severe weather events, including the development and path
of tropical cyclones and other natural disasters. This enables the Ministry of Foreign Affairs and
Trade (MFAT) to make informed decisions about a potential response and better able to provide
support to Pacific partners.
MFAT has considerable investments in development programmes in the Pacific, including
climate change adaptation, disaster risk reduction, humanitarian response, agriculture,
infrastructure and water, sanitation and hygiene (WaSH) and many more – all of which are
affected by weather and climate activity. Access to timely and accurate information is crucial
for MFAT to support the Pacific in both the development space and during emergency situations
or extreme weather events such as tropical cyclones.
In April 2020, Tropical Cyclone Harold impacted Solomon Islands, Vanuatu, Fiji and Tonga. It
was the first category 5 in the region since Tropical Cyclone Gita in February 2018 and the
second strongest to impact Vanuatu in recorded history. MetService New Zealand provided oncall forecasting advice and 6-hourly bulletins for the duration of the tropical cyclone.
At this time, New Zealand was in level 4 lockdown due to COVID-19 restrictions, so both MFAT
and MetService teams were working remotely. Despite this, New Zealand was able to provide a
range of essential support across the affected countries.
•

In Solomon Islands, in-country prepositioned relief supplies were released through
our partner World Vision.

Picture credit: World Vision
•

In Vanuatu, where the cyclone reached its peak intensity, five New Zealand Defence
Force (NZDF) flights took a range of MFAT and New Zealand Red Cross relief
supplies to affected areas. Prepositioned supplies were released through our
partners ADRA New Zealand and financial support was provided to the Government
of Vanuatu and its partners to help provide people with shelter, protection and
health supplies. MFAT also funded Non-Government Organizations (NGOs) and their
local partners to help in the immediate response and early recovery activities.

•

In Fiji, New Zealand’s response included two NZDF flights carrying New Zealand
relief supplies, the release of prepositioned relief supplies through our partner
Rotary, financial assistance to the Government of Fiji and Fiji Red Cross, as well as
funding to New Zealand and local NGOs.
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•

And in Tonga, New Zealand funded repairs to the roof of Vaiola Hospital in
Nuku’alofa, released prepositioned relief supplies through our partner Caritas and
procured relief supplies to replenish stocks used by Tonga’s National Emergency
Management Office.

Help from New Zealand can support a country’s emergency response and recovery, as many
people can be left without food, water or shelter during a disaster. MFAT is able to offer support
alongside government and non-government partners in New Zealand and abroad to impacted
countries quickly and effectively, in part due to the New Zealand MetService and their tropical
cyclone forecasting team. The New Zealand MetService has provided meteorological support to
MFAT for over fifteen years so far, and MFAT looks forward to building on and continuing our
relationship into the future.
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Philippines
Tropical cyclone Forecasting and warning: The Philippine story
The Philippines, due to its geographical location, is greatly affected by tropical cyclones (TC)
every year. An annual average of 20 tropical cyclones enter the Philippines Area of
Responsibility (PAR) and around nine (9) of them cross the landmass resulting to loss of life
and damages to properties and economy. Over the years, the Philippines suffered from
devastating tropical cyclones. For the last 10 years, the most disastrous tropical cyclones
include Tropical Storm Washi in 2011, Typhoon Bopha in 2012, Super Typhoon Haiyan in 2013,
Typhoon Rammasun and Hagupit in 2014, Typhoon Koppu in 2015, Typhoon Mangkhut in 2018,
and Typhoon Kammuri and Phanfone in 2019.
The Philippines, the country in Asia most prone to tropical cyclones and Member of both the
World Meteorological Organization (WMO) and the Typhoon Committee has greatly benefited
from the services provided by WMO’s Tropical Cyclone Programme (TCP). The Philippine
Atmospheric, Geophysical and Astronomical Services Administration (PAGASA), the national
meteorological hydrological service (NMHS) of the Philippines, has availed of the technical
support for operational services provided by the Typhoon Committee an intergovernmental
body under the auspices of WMO and ESCAP. Operational activities of PAGASA are guided by
the TCP Typhoon Committee Operational Manual. The TCP and World Weather Research
Programme (WWRP) joint research and development projects has contributed to the
improvement on operational forecasting through sharing of advance researches on tropical
cyclone structures, behaviour and processes. Moreover, PAGASA’s technical staff participated
and gained knowledge from numerous training courses/workshops/seminars under the TCP’s
capacity development program. To name a few, areas of study include storm surge, TC rainfall
forecasting, forecast verification, satellite and radar analysis and numerical weather prediction.
These training events also served as a forum for Filipino forecasters to share their vast tropical
cyclone experience. The Philippines has also gained a lot in its participation in the Severe
Weather Forecast and Disaster Risk Reduction Demonstration Project (SWFDDP) of the TCP.
Forecasters are capacitated on the development of specialized forecast products and warning
messages. Data sharing is available and access to numerical model and ensemble outputs are
also provided.
A founding Member of the Typhoon Committee, the Philippine Government through PAGASA
had hosted the Typhoon Committee Secretariat from (1971 to 2006). The Philippines has also
co-hosted several successful and well-attended workshops such as the Second WMO
International Workshop on Tropical Cyclones (IWTC-II) in in 1989, the ESCAP/WMO Typhoon
Committee 4th Integrated Workshop “Building Sustainability and Resilience in High Risk Areas
of the Typhoon Committee: Assessment and Action” in 2009 and the ESCAP/WMO Typhoon
Committee 11th Integrated Workshop “Improving Typhoon Impact-based Forecasting and
Warning” in 2016 in Cebu City (Figure 1).
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Figure 1. Group photo of the participants of the ESCAP/WMO Typhoon Committee
11th Integrated Workshop “Improving Typhoon Impact-based Forecasting and
Warning” in 2016 held in Cebu City.
For the past four decades, the operational tropical cyclone forecasting and warning system in
the Philippines has undergone several transformations. In the 1970s, the Philippines’ Public
Storm Warning Signal (PSWS) system had three levels based on the WMO tropical cyclone
classification: PSWS No. 1 – maximum winds of less than 63 kph is expected in the locality
(Tropical Depression), PSWS No. 2 – maximum winds of 64 – 117 kph is expected in the
locality (Tropical Storm), and PSWS No. 3 – maximum winds of equal or greater than 118 kph
is expected in the locality (Typhoon).
Due to the rising number of strong typhoons and greater damages experienced in the country
from 1970s to 1990s, the storm warning levels was increased to four (4) in 1997 and impacts
of the corresponding winds were indicated in the bulletins Forecast lead time information was
also added to allow the populace to have sufficient time to make preparations way before the
impact of the storm is felt. The following storm warning levels were adopted from 1997 to
2014:
PSWS No. 1: Winds of 30–60 kph may be expected in at least 36 hours.
•

Twigs and branches of small trees may be broken;

•

Some banana plants may tilt or land flat on the ground;

•

Some houses of very light materials (nipa and cogon) may be partially unroofed.

•

Rice in flowering stage may suffer significant damage.

PSWS No. 2: Winds greater than 60 kph and up to 100 kph may be expected in at
least 24 hours.
•

Some coconut trees maybe tilted with few others broken;

•

Few big trees may be uprooted;

•

Many banana plants may be destroyed;

•

Rice and corn maybe adversely affected;
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•

Large number of nipa and cogon houses may be partially or totally unroofed.

PSWS No. 3: Winds greater than 100 kph and up to 185 kph may be expected in at
least 18 hours.
•

Almost all banana plants maybe destroyed and a large number of trees may be
uprooted;

•

Rice and corn crops may suffer heavy damage;

•

Majority of nipa and cogon houses may be unroofed or destroyed and there may be
considerable damage to structures of light to medium construction;

•

Big waves from the sea may cause destruction along the coasts of the cyclone path.

PSWS No. 4: Very strong winds greater than 185 kph may be expected in at least 12
hours.
•

Coconut trees plantation may suffer extensive damage;

•

Many large trees may be uprooted;

•

Most residential and institutional buildings of mixed construction maybe severely
damaged;

•

Electric power distribution and communication services maybe disrupted;

•

Very big waves may destroy most houses and concrete sea walls along the coasts
of the cyclone path.

In November 2013, the Philippines experienced the strongest typhoon in history, Typhoon
Haiyan, with maximum sustained winds of about 235 kph and gustiness reaching 275 kph that
generated about 7 meter high storm surge in some the coastal towns of Leyte and Samar.
Despite the early warning and efficient prediction by PAGASA forecasters, Typhoon Haiyan
caused more than 6,000 deaths and total damage cost of ~US$ 740 Million (PHP 36.7 Billion).
A WMO assessment team went to the Philippines to investigate and found that there is a big
gap in communicate on of the warnings and advisories to the local communities. The local
people did not heed and act accordingly to the warning information. They thought that the
strong typhoon is just as strong as the past typhoons that they survived. As a direct
consequence of the said assessment, massive information education and communication (IEC)
campaign was conducted all over the country emphasizing the impacts of the extreme
weather. Also, the storm warning level was increased to 5 and the Supertyphoon category
(winds greater than 220 kph) was added to the Philippine tropical cyclone classification
adopted from the operational manual of the TCP Typhoon Committee. In addition, the term
Public Storm Warning Signal (PSWS) was renamed to Tropical Cyclone Wind Signal (TCWS)
with the following changes shown in Figure 2.
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Figure 2. Updated Tropical Cyclone Warning System used starting 2015 after the
assessment of Typhoon Haiyan.
From the lessons learned in Typhoon Haiyan, PAGASA has increased the forecast period from 3
days to 5 days as shown in the sample forecast track in Figure 3. A separate bulletin for storm
surge was also developed and issued before the TC landfall (Figure 4).

Figure 3. Sample 5-day forecast track of Tropical Depression Usman,
26 December 2019
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To enhance the communication of hazards from severe weather like tropical cyclones, PAGASA
embarked to work on a project on impact-based forecasting. A bigger project on Multi-hazard
Impact-Based Forecasting to be funded by the Green Climate Fund is also underway to be
completed in the next 5 years. Now, there is a paradigm shift which focus on what the weather
will do and not what the weather will be. Laymanization of technical information is still on
process and regular information and educational campaigns are being conducted from national
down to the local communities. Moreover, the local government units down to the community
level are now involved in the formulation of impact statements of the early warning system.
Without the WMO Tropical Cyclone Programme, the operational tropical cyclone forecasting in
the Philippines will not be as relevant and efficient as it is today. It may not be as advanced as
other services in terms of infrastructures or physical resources but its human resource is
experienced, well-trained, learned and confident. Thanks to the TCP for its guidance and
support during the last 40 years.
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Saudi Arabia
Kingdom of Saudi Arabia participation in the Tropical Cyclone Programme 40th
anniversary
At the beginning, on behalf of the General Authority of Meteorology and Environment
Protection (GAMEP) we would like to send our warm congratulations to the Tropical Cyclone
Programme (TCP) for celebrating its 40th anniversary, it is our honour to contribute in this
event. We believe in its important role and responsibility to provide a safer world for everyone.
According to The Kingdom of Saudi Arabia geographical location in the southwestern of Asia
continent, in between countries that are indirectly affected by the tropical conditions that form
in the Indian Ocean and the Arabian Sea, Therefore the General Authority of Meteorology and
Environment Protection pay an important attention to studying and following tropical cases and
their impact on the atmosphere of the Kingdom.

Cyclone from the Indian Ocean and the Arabian Sea
https://www.middleeastobserver.org/
Tropical cyclone over the Arabian Peninsula
GAMEP monitors most tropical cases during the past years and determines the extent of its
impact on the KSA weather, Moreover it provided government agencies, civil and military
aviation, and marine navigation with special reports and required information on cases and
their impact, in addition to clarifying this for all groups of society through GAMEP website,
media channels and social media. For example, most important tropical cases that have been
monitored and their impacts on the region are:
1.

Cyclone Gonu (1 June 2007 – 8 June 2007)

2.

Cyclone Phet (31 May 2010 – 7 June 2010)

3.

Cyclone Bandu (19 May 2010 – 23 May 2010)

4.

Cyclone Nilofar (25 October 2014 – 31 October 2014)

5.

Cyclone Ashobaa (7 June 2015 – 12 June 2015)

6.

Cyclone Chapala (28 October 2015 – 4 November 2015)

7.

Cyclone Sagar (16 May 2018 – 20 May 2018)

8.

Cyclone Mekunu (21 May 2018 – 27 May 2018)
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9.

Cyclone Luban (6 October 2018 – 15 October 2018)

10.

Cyclone Kyarr (24 October 2019 – 3 November 2019)

11.

Cyclone Maha (30 October 2019 – 7 November 2019)

12.

Cyclone Hikaa (22 September 2019 – 25 September 2019)

Awareness posts on GAMEP social media channels
Cyclone Mekunu (May 21, 2018 – May 27, 2018):
The World Meteorological Organization has chosen the Jeddah Regional Centre for
Communications at the General Authority of Meteorology and Environmental Protection as a
regional focal point for the broadcasts from the Sultanate of Oman and the Republic of Yemen
for Hurricane Makunu.

Awareness posts on GAMEP social media channels
Dr Ayman Ghulam, Vice President of Meteorology Affairs, said that in a new achievement for
the Kingdom, the World Meteorological Organization announces the Jeddah Regional Centre for
Communications of the General Authority of Meteorology and Environmental Protection, a
regional contact point for the follow-up to Hurricane Makunu, during the statement issued by
the names of internationally approved hurricane monitoring centres concerned with hurricane
monitoring .
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The centre is considered an accredited organization concerned with the transmission of all
meteorological information affiliated to the Gulf states, Yemen and some Arab countries
through it.
He added that the regional centre implements and monitors all instructions regarding protocols
for updating meteorological bulletins and monitoring countries belonging to the region,
rebuilding, deleting and adding addresses according to systems (ICAO-WMO). The centre also
prepares the work of reports and statistical tables by the organization and providing the
organization periodically.
The centre also exchanges meteorological information with the countries of the region and the
Vienna International Centre for data opmet information, as the centre's mission is according to
the distribution of the International Civil Aviation Organization for the Middle East 14 countries.

Central Forecast Office (CFO) – General Authority of Meteorology and Environmental
Protection (GAMEP) – Jeddah KSA 2018
An emergency room equipped with high technology was set up with 40 Saudi employees
working for 24 hours to monitor Cyclone Mekunu and ensure send updated information to all
related parties to keep lives safe.
Our Challenges:
GAMEP has faced some challenges such as:
1.

Lack of information on some areas directly affected by the cases

2.

In addition to the lack of coverage of weather radars in those areas

3.

The lack of exchange of information on the developments of cases and the extent of
the expected impact between the affected countries.
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Our Initiatives:
Meteorology sector in GAMEP has initiatives that contribute significantly to the study and
analysis of cases, providing the required information and reducing the expected impacts from
them, for example:
1.

Numerical Model Development Initiative

2.

Increase geographical coverage initiative

3.

The centre of early warning initiative.

We would like to thank you for your efforts to achieve the lofty goals of the TCP. We are proud
to be a member of this programme and wishing you more success.
Our Regards
General Authority of Meteorology
and Environment Protection
Meteorology Team - KSA
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South Africa
Tropical cyclones in the Southern Africa (SADC) -South-West Indian Ocean Basin – by
Mr Mnikeli Ndabambi, acting Chief Executive Officer of the South African Weather Service.
90% of natural disasters in Southern Africa are weather-related. Southern Africa has seen an
increase in the intensity and frequency of meteorological hazards such as drought, floods,
cyclones, landslides, tornadoes, and wildfires in the past 5 years.
Over the past 40 years, South Africa was particularly affected by Tropical Cyclone Demoina in
1984, which caused huge damage along the Kwa Zulu Natal coast. We also remember Cyclone
Eline in February 2000, the longest-lived Indian Ocean tropical cyclone on record, traveling
over 11,000 km (6,800 mi) during its 29-day duration.
In 2019, Southern Africa was impacted by one of the most significant long-lived tropical
cyclones in the history of the region. Tropical cyclone Idai affected and caused destruction in
three countries, Malawi, Zimbabwe and Mozambique, with 1303 fatalities, 2,2 million people
affected and infrastructural damage amounting to millions of dollars.
Idai is one the deadliest tropical cyclone recorded in the South-West Indian Ocean basin. In
the whole southern hemisphere, Idai ranks as the second-deadliest tropical cyclone on record.
It originated as a tropical depression on the 4 March 2019 and it dissipated on the
21 March 2019. Idai was followed by a tropical cyclone Kenneth, just a month later. The
impacts of the two tropical cyclones worsened the socioeconomic issues in Mozambique and
Zimbabwe because of the destruction left behind.
A tropical cyclone is a natural disaster it cannot be stopped, but countries can build resilience
towards this hydrometeorological hazard. This brings us to the question:
How does the South African Weather Service collaborate with Disaster Management?
As soon as a tropical disturbance is identified to threaten a southern African country, the South
African Weather Service notifies its National Disaster Management Centre. Depending on the
severity of the threat such as potential impact and lead time, the South African Weather
Service provides updates on the forecast. These updates are done through a Joint Operation
Centre, where the appropriate heads of response units such as South African National Defence
Force, South African Police Service, South African Air Force and National Disaster Management
Centre are invited to take part and plan the necessary response actions.
With regards to tropical cyclone Idai, the National Joint Operation Centre was activated on the
6 March 2019 at Snake Valley, to monitor the development and potential impacts thereof. A
representative of the South African Weather Service provided daily briefings to South Africa
Police Service, South Africa Air Force, South Africa National Defence Force (SANDF) and
National Disaster Management Centre (NDMC) regarding the movement and intensity of the
system. It will be recalled that, in the weeks prior to landfall of tropical cyclone Idai, the South
African government was already committed to a humanitarian relief mission in Malawi,
following devastating floods resulting from tropical rain. This humanitarian mission, involving
the SAAF and SANDF was therefore expanded to include relief to parts of Mozambique when it
became clear that Idai would make landfall as a very damaging and destructive system. The
South African Weather Service (SAWS) advised all stakeholders though the NATJOINT forum,
ensuring that contingency plans were appropriate in relation to the expected extreme weather.
It can be mentioned that SAWS and the NDMC jointly and directly raised the concern on
12 March 2019 that South Africa’s electricity supply from the Cahora Bassa hydro-electrical
installation could potentially be interrupted by tropical cyclone Idai. This concern was shared
with Eskom, with a lead time of at least 48 hours before the interruption occurred (electricity
pylons were toppled by strong winds when Idai crossed over the Mozambique/Zimbabwe
border)
The South African Weather Service collaborates frequently with the media, and issues
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regarding tropical cyclones are no exception:
As soon as a significant tropical system is identified to potentially affect a neighbouring
country, or in exceptional cases South Africa itself, the South African Weather Service will issue
a media release identifying the potential impacts and discuss the track of the system. Radio
and television interviews are provided when requested and social media platforms are used for
further awareness raising.
The Regional Specialized Meteorological Centre (RSMC) in Pretoria issues guidance forecasts to
the region, highlighting areas of potential threat, such as strong winds, heavy rainfall and high
seas. The Pretoria RSMC takes directives for tropical cyclone predictions and tracking from the
RSMC La Réunion.
The RSMC La Réunion is the regional specialized advisory centre for tropical cyclones which
provides the forecast track and intensity, while the RSMC Pretoria provides 5 days guidance
products for high-impact weather for the region. Once the tropical system makes landfall, it is
the local weather services’ responsibility to forecast the hazards and the associated impacts of
the system to their particular country.
The South African Weather Service acknowledges and highly appreciates the work of the World
Meteorological Organization and its member countries to encourage collaboration between
countries and various stakeholders such as NPOs, NGOs, private sectors and disaster
management.
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Sri Lanka
Highlight its 40 years of history of Tropical Cyclone Programme
Contribution of WMO Tropical Cyclone Programme/panel to Sri Lanka
Department of Meteorology, Sri Lanka
Sri Lanka has been working closely with WMO-ESCAP Technical Support Unit (TSU) for Tropical
Cyclones of Bay of Bengal [which later became the WMO-ESCAP Panel on Tropical Cyclones in
the Bay of Bengal and Arabian Sea (WMO-ESCAP Panel – BoB & AS)] and Sri Lanka is
honoured to have the office of the TSU in the premises of the Department, Colombo at the
beginning of TSU.
Soon after the establishment of WMO Tropical Cyclone Programme in 1980, it has seriously
considered the colossal damage faced by Sri Lanka as a result of very severe cyclone in
November 1978 where over one sixth of the land mass was affected losing over 900 human
lives alone.
(a)

(b)

Figure 1. (a) Polar orbiting satellite imagery of the Batticaloa Cyclone (JTWC
designation: 04B) in 23 Nov 1978, at its peak intensity just prior to landfall and
(b) track of the cyclone (red arrow)
Source Wikipedia.

Figure 2. Cyclone track over Sri Lanka and damage extent due to Batticaloa Cyclone
Source: Srisangeerthanan et al 2015
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As a result, WMO extended their support to improve the warning and meteorological
observations and communication systems in Sri Lanka. This included establishing S band
storm warning Radar in Trincomalee, east coast of Sri Lanka in November 1982, along with
wind gust recorders. In addition, SSB (Single Side Band) radio sets were introduced to
establish links between Colombo headquarters and synoptic observation points in Sri Lanka
and between Male enabling the rapid collection of all observations to transmit to RTH New
Delhi within 20 minutes.

Figure 3. S band storm warning Radar which was installed in Trincomalee, east coast
of Sri Lanka, on 18 November 1982.

Figure 4. Single Side Band Radio set, which was Provided by TCP
Number of short period training has been provided to Sri Lankan meteorologists to improve the
capabilities in forecasting tropical cyclones and storm surge and in general, tropical
meteorology in RSMC New Delhi and in the Indian Institute of Tropical Meteorology.
Sri Lanka Department of Meteorology actively participated in the activities of the panel of
Tropical cyclones from the beginning and hosted several annual sessions in Sri Lanka. With
coordination of the panel, Regional Specialized Meteorological Centre, New Delhi has
undertaken of issuing advisories/warnings about the cyclonic systems which are very useful for
the preparation of related warnings for various operational matters.
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Figure 5. 40th Session on WMO/ESCAP panel on Tropical Cyclone was held in
Colombo, Sri Lanka during 25 February-1 March 2013
There was no scheme to name cyclones developing in the north Indian Ocean hence there
were difficulties in referring particular cyclones precisely after and prior to the land falls. WMOESCAP Panel – BoB & AS has been able to establish a scheme in consistence with the other
ocean basins, for naming cyclones developing in the north Indian Ocean, and is used since
2004. It is very helpful for archiving and to make other references as well as preparation of
warnings in the context of operational duties.
In the annual sessions, each country provides their status and plans in meteorological services
and disaster preparedness plans, how the services are improved and the scientific lectures.
Through the deliberations and discussions held in the panel, Sri Lanka has been able to listen
the practices and advises of the panel members which are relevant in the context of
meteorological systems and, improved the ways of means of delivering the services and
accordingly, gained the credibility for the meteorological services in Sri Lanka
The NMHSs of member countries of the panel for Bay of Bengal and the Arabian Sea are able
to understand significant meteorological and climatological situations and their scientific
analysis through the biannual publication of panel news.
The Panel has coordinated with other NMHSs and agencies to provide additional data and
information platforms in case of disastrous or impending disastrous situation to supplement
routine data and information. Department of Meteorology, Sri Lanka has been benefited from
these additional information in number of such events in the recent past and been able to
lower the disaster risks.
Department of Meteorology Sri Lanka would like to extend our sincere gratitude to World
Meteorological Organization(WMO), Economic and Social Commission for Asia and the Pacific
(ESCAP), RSMC New Delhi and other global meteorological centres for their tremendous effort
to save lives and properties in the North Indian region and wish them success in all their future
endeavours.
Anusha Warnasooriya
Director (Climate Change and Research)
Department of Meteorology, Sri Lanka
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Thailand
On the occasion of the 40th Anniversary of Tropical Cyclone Programme (TCP) of the World
Meteorological Organization (WMO) in 2020, Thailand would like to join all the WMO members
to congratulate the Tropical Cyclone Programme (TCP) for its great achievement and valuable
support made throughout the four decades to assist members in all the world regions to reduce
the loss of life and damage caused by tropical cyclones through the national and
regional coordinated systems.
Thailand is located in the geographical area that prone to be affected by the tropical cyclones
in the North-West Pacific Ocean, South China Sea and the North Indian Oceans. Thailand thus
joins as a member of both the UNESCAP/WMO Typhoon Committee (TC) for North-West Pacific
Ocean and the WMO/UNESCAP Panel on Tropical Cyclones (PTC) for the Bay of Bengal and
Arabian Sea since they were established. We are proud that Thailand was one of the founder
members and the first session of both TC and PTC were held in Thailand. Our country gained
much benefit from the activities implemented under these intergovernmental bodies of WMO
Tropical Cyclone Programme.
In the year 1960, the first meteorological satellite, NASA- Tiros-1, was launched and followed
by the operational NOAA Tiros-N in 1978, leading to tropical storm observations from space
that leapfrog how we followed the tropical storms in the vast oceans. The learning curve is
further improved with contribution from geostationary satellites, such as GMS, Himawari, and
FY series. That remarkable development in technology has pushed more impacts to how we
predict the tropical storm’s track and intensities. Training in Dvorak’s techniques and other
satellite interpretations have been offered by more advanced Members. Meanwhile, advisories
have been provided actively by RSMCs to assist members in tropical cyclone monitoring and
forecasting.
Apart from such technologies, numerical prediction and basic typhoon physics are also part of
technology transfer which many members including Thailand benefit well. Beside participating
in technology transfers via training, seminars, workshops and research scheme, Thailand also
played a crucial role in hosting the Technical Support Unit (TSU or Secretariat) of the PTC
during 1997–1999 and host many of TC’s and PTC’s Annual Sessions. Thailand also hosted the
1st and 2nd Joint Sessions of TC and PTC in 1992 and 1997 and their 3rd Joint session was
also held at UNESCAP in Bangkok in 2015. Thailand pursues the cooperation in many projects
under TC and PTC, for example, the SSOP, the regional weather radar composite, and
attachment training of forecasters at RSMC Tokyo and RSMC New Delhi.
In the future, Thailand would like to see the closer cooperation among Members in managing
the tropical cyclone forecast, disaster managements, and the use of the internet or digital
technologies to the way we manage in information of the tropical storms reflecting the
changing world and climate. Let us be sure that Thailand is willing to cooperate with all TC and
PTC Members and other international organizations concerned to strengthen our network and
collaboration under WMO umbrella for achieving the Tropical Cyclones Programme mission of
assisting members in monitoring and forecasting tropical cyclones to reduce disaster-related
losses of life and infrastructure to a minimum.
At the end, we would like to express our sincere appreciation to WMO in establishment the
Tropical Cyclones Programme for the benefit of all nations at risk by the tropical cyclones and
our sincere thanks to the United Nations Economic and Social Commission for Asia and the
Pacific (UNESCAP), an auspices founder with WMO of the TC and PTC, as well as all the
member countries for power forming the TC and PTC and the utmost dedication made the TC
and PTC as we are today, enabling us to provide monitoring and forecasting of tropical
cyclones and take necessary actions to reduce their impacts on the loss of life and damage
efficiently.
Executives and Staff
Thai Meteorological Department (TMD)
30 October 2020
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The following are some of activities among others under the UNESCAP/WMO Typhoon
Committee and WMO/UNESCAP Panel on Tropical Cyclones that Thailand took part.
Thailand hosted the Technical Support Unit (TSU or Secretariat) of the WMO/UNESCAP Panel
on Tropical Cyclones in 1997–1999

On 17 February 1997, the Technical Support Unit (TSU or Secretariat) of the WMO/UNESCAP
Panel on Tropical Cyclones for the Bay of Bengal and Arabian Sea was transferred from
Dhaka, Bangladesh to Bangkok, Thailand. A small ceremony was marked at the
Headquarters of the Thai Meteorological Department (TMD). Mr Md Suzdur Rahman, Director
of the Bangladesh Meteorological Department, represented the former Coordinator in a
symbolic handing over of TSU functions and responsibilities to the new Coordinator,
Mr Smith Tumsaroch, Director-General, TMD. The TSU was located on the second floor of
TMD’s headquarters building in Bangkok.
Before the transfer, the TSU began its existence in New Delhi in 1976, moving thereafter to
Colombo in 1986 before transferring to Dhaka. From the beginning it was the policy of the
Panel that the cost and the benefit of hosting the TSU should be shared amongst its
members by rotation. Thailand, together with those past countries, had borne the burden of
hosting the TSU in the past and profited from the experience of managing a small but
important international unit.
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Mr Smith Tumasaroch, former Director-General, TMD earned Typhoon Committee-1996
award

Remark: our thanks to PTC’s Panel News 1997 – No. 10

Remark : Our thanks to Typhoon Committee Newsletter 1997- No. 9
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The 1st, 2nd and 3rd Joint TC and PTC Sessions were held in Thailand

First Joint session of the UNESCAP/WMO Typhoon Committee (TC) and WMO/UNESCAP Panel
on Tropical Cyclones (PTC) (24th TC Session and 19th PTC Session)was held in Pattaya,
Thailand, from 18 to 27 February 1992, hosted by the Government of Thailand

Second Joint session the UNESCAP/WMO Typhoon Committee (TC) and WMO/UNESCAP Panel
on Tropical Cyclones (PTC) was held in Phuket, Thailand, from 20 to 28 February 1997,
hosted by the Government of Thailand
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Third Joint Session of the UNESCAP/WMO Typhoon Committee (TC) and WMO/UNESCAP
Panel on Tropical Cyclones (PTC) (42nd Session of PTC and 47th Session of TC) at UNESCAP,
Bangkok, 9 – 13 February 2015
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Below were the latest three major events hosted by Thailand under the UNESCAP/WMO
Typhoon Committee

The 41st Session of UNESCAP/WMO Typhoon Committee (TC) was held in Chiang Mai,
Thailand from 19 to 24 January 2009

The 46th Session of UNESCAP/WMO Typhoon Committee (TC) was held in Bangkok,
Thailand, from 10 to 13 February 2014

The 13th Typhoon Committee Integrated workshop on Technological Innovation for Typhoon
related Forecasting and Disaster Risk Reduction, in Chiang Mai, Thailand, 5–
9 November 2018.
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The 37th session of the WMO/UNESCAP Panel on Tropical Cyclones was held in Phuket,
Thailand from 15 to 19 February 2010
The latest Session hosted by the Government of Thailand
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Thailand’s participation in the TC & PTC’s Project on Synergized Standard Operating
Procedures (SSOP)

In 2012, the project on Synergized Standard Operating Procedures (SSOP-I) for Coastal
Multi-Hazards Early Warning System was initiated between ESCAP/WMO Typhoon Committee
(TC) and the WMO/ESCAP Panel on Tropical Cyclones (PTC) in cooperation with other
agencies with funding supported by ESCAP Multi-Donor Trust Fund for Tsunami, Disaster and
Climate Preparedness in Indian Ocean and South East Asia. The project’s objective is to
synergize the early warning systems among different types of coastal hazards by reviewing
existing Standard Operating Procedures (SOPs).
The SSOP-I was completed successfully in May 2015 with the significant outcome of the
Manual and the Quick Reference Guide on Synergized Standard Operating Procedures
(SSOP).
Later, the SSOP-II was granted by the above ESCAP Multi-Donor Trust Fund to be
implemented from April 2017 to November 2019 (31 months). The aim of the SSOP-II was
to implementation of Synergized Standard Operating Procedures (SSOP) for Coastal MultiHazards Early Warning System by assisting the beneficiary countries to establish or improve
the standard operating procedure (SOP) based on the derived SSOP Manual.
Thailand, one of the beneficiary countries of the SSOP project, gained many benefits from
training course, attachment trainings and workshop organized and supported by the project.
Attending those activities enables us to use the SSOP Manual as the guideline to improve our
new SOP on tropical cyclones’ early warning level. These made our tropical cyclones early
warning procedure more effective. Besides, the Thai Meteorological Department (TMD) had
disseminated the manual to other organizations in Thailand. Thus, we can effectively utilize
the valuable benefits of SSOP project on our disaster prevention and mitigation on loss of
lives and property.

______________
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