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EXECUTIVE SUMMARY

The First Session of the Commission for Instruments and Methods of Observations (CIMO),
Inter-Programme Expert Team on Operational Weather Radars (IPET-OWR) was held over 13
to 16 March, 2017, at the Japan Meteorological Agency (JMA) headquarters in Tokyo, Japan.
The session was kindly hosted by JMA and generously supported by Japan. The meeting was
opened by the Director-General of the Japan Meteorological Agency, Dr Toshihiko Hashida,
who highlighted Japan’s ongoing engagement in international operational weather radar
activities, collaboration and capacity development. The session was chaired by Chairperson of
the IPET-OWR, Mr Daniel Michelson, Canada, who emphasised that the weather radar
observing system was emerging as a global resource and that the team might be considered
the stewards of this process under WMO and its technical commissions.
The meeting informed team members and participants of the reasons for the formation of the
team within CIMO under the joint management of CIMO and CBS at the behest of WMO
Congress and its role in providing the WMO focus for international coordination of activities on
operational weather radar systems as an important component of the WMO Integrated Global
Observing System (WIGOS).
The session thoroughly reviewed and analysed the terms of reference and work plan of the
IPET so as to ensure that the team understood the expectations and requirements of WMO
Members for international development and coordination of weather radar systems. This was
also aided by presentations that were made by participants on national, regional and data user
priorities and requirements and the analysis of results of a brief survey that was conducted by
WMO prior to the session. The IPET acknowledged and agreed on the need to ensure continuity
and support for previous and ongoing WMO activities relating to weather radar, including in
particular the development of international weather radar data exchange, the development and
maintenance of regulatory and guidance materials, the operation of the WMO Radar Database
and also collaboration with relevant international organizations, including ISO. The meeting
also discussed and decided upon requirements for new and additional activities to be
addressed by the team, including support for WIGOS and the development of OSCAR/Surface
and the WIGOS Information Resource, particularly focusing on metadata requirements,
support for training, capacity development and new guidance that was likely to be centred
around the development of a consolidated guide on weather radar operational best practice in
areas such as calibration, data processing, quality control and monitoring. The team also
recognised the need for the IPET to develop and provide guidance and expertise in relation to
various policy issues, such as radio frequency protection and interference, wind turbine
interference and data sharing.
The team dedicated a significant amount of the session to further developing and refining the
work plan of the IPET, with a view to completing and delivering several significant items over
the coming year in the period before the next CIMO session.
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GENERAL SUMMARY
1. Organization of the Session
1.1.

Opening

1.1.1.

The First Session of the Commission for Instruments and Methods of Observations
(CIMO), Inter-Programme Expert Team on Operational Weather Radars (IPET-OWR)
commenced at 9:30am on 13 March 2017 at the Japan Meteorological Agency (JMA)
headquarters in Tokyo, Japan. The session was opened by the Director-General of
the Japan Meteorological Agency, Dr Toshihiko Hashida, who welcomed all
participants to Tokyo and to JMA. Dr Hashida was pleased that JMA could offer to
host this first meeting of the IPET, observing that Japan has a long history in
weather radar research, development and operation and also its application in many
areas, of which disaster risk reduction and management was particularly important
to Japan, given its exposure to severe weather events. Dr Hashida also highlighted
Japan’s engagement in regional activities relating to OWR international collaboration
and capacity development, in particular as a leading contributor to the Joint RA
II/RA V WIGOS Weather Radar project associated with the “Jakarta Declaration”.

1.1.2.

Dr Isabelle Ruedi welcomed all participants to the meeting on behalf of both the
WMO Secretary General, Mr Petteri Taalas, and the President of CIMO, Mr Bertrand
Calpini. Dr Ruedi on behalf of WMO and the meeting participants also thanked Japan
for the generous in-kind support received by participants to attend the meeting and
JMA for its kindness, generosity and support in hosting the meeting and taking care
of all the logistical requirements of participants. Dr Ruedi identified Japan and JMA’s
dedication to WMO and regional activities in many areas, including OWR, making
Tokyo a fitting place to hold this first meeting of the CIMO IPET-OWR, which had
been formed within CIMO under the joint oversight of both CIMO and CBS in
response to the request of WMO Congress to establish an international mechanism
for standardization of practices and procedures for weather radar systems, including
a strong focus on capacity development to ensure coordinated weather radar data
quality across regions. The work of the IPET was imbedded in the context of the
WMO Integrated Global Observing Systems (WIGOS) framework and should support
all WMO application areas, with a focus in particular on several aspects of the
WIGOS framework including, the OSCAR/Surface database and related systems
metadata, the WIGOS Data Quality Monitoring System that is under development
and the WIGOS regulatory material. Dr Ruedi also conveyed some advice and input
from Mr Calpini, urging the team to develop the work plan so as to ensure priorities
are addressed based on realistically achievable timelines, activities and deliverables
and identifying that standardisation of radar systems and operation, possibly in
collaboration with the International Organization for Standardization, should be one
of the team’s important priorities.

1.1.3.

The Chairperson of the IPET, Mr Daniel Michelson then addressed the session, also
welcoming all participants and thanking the host country and organisation, JMA, for
their generous contribution to the meeting. The list of participants is provided in
Annex I.

1.2.

Adoption of the Agenda

1.2.1.

The Chairperson directed the meeting to the process and procedures of the session,
with the participants agreeing to adopt the agenda as reproduced at the beginning
of this report.

1.3.

Working Arrangements
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1.3.1.

The Chairperson explained the working arrangements for the session based on
Document 1.3, with the meeting agreeing to address the agenda predominantly in
plenary, with parts of agenda item 6, Work Plan Group Sessions, to be undertaken
by sub-groups formed from the participant team members so as to address
particular aspects and tasks of the work plan, with their discussion and decisions to
be reported back to the plenary group.

2. Report of the Chairperson
2.1.

The Chairperson of the IPET, Mr Daniel Michelson presented document 2 to the
meeting, which addressed the expectations and current status of the IPET work
plan, which is based on the Terms of Reference for the team, provided within
document 2.2(1).

2.2.

The first part of the report addressed the previous WMO activities that had led up to,
and whose outputs feed into, the establishment of IPET-OWR. The rest of the report
was devoted to articulating the Chairperson’s vision for the team and how that
might be translated into task and activities within the work plan.

2.3.

The importance of team effort was emphasized by the Chairperson. At the global
level, “going far together” is the only durable and sustainable way forward, so it is
up to the team members to succeed as a collective.

2.4.

It was noteworthy that WMO has a high level of ambition, with a matching high
priority, for weather radar now with the creation of IPET-OWR and its joint
management from CIMO and CBS MGs. The presence of Isabelle Ruedi, Dean
Lockett and Paul Joe at this kick-off meeting clearly demonstrated WMO’s ambition
and priority.

2.5.

Weather radar as an observing system is emerging as a global resource. IPET-OWR
as a team might be considered the stewards of this process. With the anticipated
increased demand for weather radar data regionally, we can also expect increased
demands for such data inter-regionally and globally where they will be used
quantitatively as part of WIGOS. The deliverables of IPET-OWR would define how
this is done.

2.6.

The Chairperson explained that CIMO had agreed to stop the formal Radar Quality
Control and Quantitative Precipitation Estimation Intercomparison Project (RQQI)
and that relevant activitities had now been integrated into the activities of the IPET.
It was agreed that the most important outcomes from the work was the formulation
of guidance and best practice on QC and QPE and that this would still be a high
priority focus for the IPET. It was additionally agreed that, while a “traditional”
intercomparison of radar systems was not at this time an activity that could be
undertaken by the IPET-OWR, advantage should be taken of existing international
research projects, that will perform QC activities as part of their normal activities.
The IPET should collaborate with such projects, possibly providing them guidance
so that their outcomes would also be relevant to the IPET, towards sharing results
and analyses that could be incorporated into guidance materials on radar quality
control. Such international (WMO endorsed) activities (items 1-4 below; reports
from items 5-6 and member reports are encouraged), where there is a mix of radar
technologies (greater scope for intercomparison) and validation activities, include:
1)

The deployment of a multi-system radar network (S, C, X (multiple), Ka, Ku
and W; phased array; operational and research systems) by KMA for the
provision of radar observations to support winter weather nowcasting
research and forecast applications for the WMO/WWRP 2018 Olympic games
project (ICE-POP) in a mountainous environment. Two or more surface snow
intensity reference sites will be established with DFIR including disdrometers
and various gauge types. Multi-frequency radar techniques have been

CIMO/OPAG-RST/IPET-OWR-1, Final Report, p. 7
theoretically demonstrated to be able to retrieve snow intensity to high
accuracy and this project is an opportunity to operationally evaluate these
techniques and to choose the appropriate frequencies.
2)

RELAMPAGO is a WWRP Research Demonstration Project (2018+) in the La
Plata Basin (South America) where a mix of radars are deployed in severe
weather, hail and heavy rain summer convective environment where there is
international radar data exchange and where there are validation activities.

3)

ASEAN and the Caribbean have CBS/SWFDP projects where a mix of radars is
deployed in tropical environment where there is radar data exchange.

4)

Lake Victoria is an emerging research to operations WWRP project in a data
sparse region. The intensive research part will be limited in time but will
provide a rare and seminal opportunity to evaluate and validate the radar QC
algorithms in the East African region.

5)

There are various operational deployments with mixed radars around the
world. Many developed NMHS’s will have validation capacity. For example,
Australia has S and C band radars with also a mix of beam widths from 1.0º
to 2.6º. China has S and C band radars and is proposing a Testbed. France
has S, C and X band networks.

6)

Several countries have leading edge new technologies. Russia is deploying
klystron, pulse compression C Band systems. Japan is migrating their
technology to solid state technology. Hong Kong has a mix of 5 radars within
about a 50 km x 50 km area. Along, with Republic of Korea, the latter two
have extensive precipitation gauge networks for validation.The meeting
agreed that, where possible, the work of the IPET should acknowledge and
take into account the different and varying technical capabilities and
requirements of all countries.

2.7.

Mr Li Bai, China, mentioned that nationally maintained equipment test beds offered
the opportunity to undertake radar testing and comparison of systems and data
processing techniques of interest to the international community and that China
might be willing to undertake the implementation of such a test bed to support such
work. It was agreed that the Secretariat would follow up with CMA about this
possibility.

2.8.

It was agreed that:
•

the availability of standard data processing and quality control software to
Members would greatly aid in the improved quality and homogeneity of
exchanged radar data;

•

while the development of the radar data exchange mechanism would
incorporate provision for exchange of LIDAR systems, the IPET’s scope in other
areas would not extend beyond the definition of operational weather radars as
defined within the ToR of the IPET; and

•

it was important that radar manufacturers were in the future invited to
participate in the meetings and appropriate activities of the IPET through the
Association of Hydro-Meteorological Equipment Industry (HMEI).

2.1.

Background on the IPET

2.1.1.

Mr Dean Lockett, from the WMO Secretariat, explained the process by which the
IPET had been formed in response to the request by Congress (Cg-17) for CIMO to
establish a joint CIMO/CBS-led international coordination initiative for
standardization of practices and procedures for weather radar systems, reiterating
that the group should include all Members, partners and entities operating weather
radar networks, capitalize on the positive experience achieved within regional
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cooperation mechanisms, such as OPERA and BALTRAD in Europe, and include a
strong focus on capacity development to ensure coordinated weather radar data
quality across regions.
2.1.2.

Subsequently, the process that led to the formation of the IPET commenced within
the joint meeting of the CIMO Expert Team on Operational Remote Sensing
Technologies (ET-ORST) and the CBS Expert Team on Surface Based Observing
Systems (ET-SBO), October 2015, Tokyo, Japan, where the session firmly agreed
with a proposal for the establishment of a WMO weather radar coordination group
and made recommendations that the formation should not be delayed until future
technical commission sessions but should be addressed jointly by the respective
management groups of CIMO and CBS with a view to agreeing on a governance
mechanism under agreed terms of reference and the formation of the team as soon
as possible.

2.1.3.

Following that joint meeting, both the CBS and CIMO management groups
considered the matter (CBS-MG-16 and CIMO-MG-14) and agreed upon the
formation of the IPET based on the Terms of Reference and upon the transfer to the
IPET of the identified radar experts and all radar-related activities within both the
technical commissions. The WMO Executive Council 68th Session, June 2016,
authorized CIMO to establish the IPET, in consultation with the president of CBS.

2.1.4.

Since the CIMO-MG and EC decisions, the IPET-OWR team has initially been
formalised under the CIMO OPAG on Remote-Sensing Technologies with the
memberships confirmed by the respective national Permanent Representatives with
WMO. Subsequently, additional members have been added to the team through
request for nomination by Members based on several considerations including,
widening and ensuring regional representation, seeking wider Programme
representation and the nomination of recognised experts that will assist in
addressing the activities and tasks of the team within the draft work plan.

2.1.5.

Both CBS and CIMO Management Groups strongly supported the appointment of Mr
Daniel Michelson, Canada, as Chair of the IPET-OWR and urged team members to
support Mr Michelson and the work of the IPET-OWR over the remainder of the
current CIMO inter-sessional period.

2.2.

Terms of Reference

2.2.1.

The Chairperson presented the Terms of Reference of the IPET as provided within
Annex II for review and discussion. The meeting reviewed the ToR and agreed upon
the content, scope and direction that they provided. No changes to the ToR were
recommended.

2.2.2.

The meeting agreed that under the area of policy and network design, effective
guidance and regulations related to interference issues and radiofrequency
protection should be a priority for the IPET, which should include consideration of
how to strengthen the position of Members in relation to ensuring separation of wind
turbine generators from proximity to weather radar sites. While the team agreed
that it should review the content of WMO No. 8, Part II, Chapter 7 in relation to this
matter, taking into account the various analyses and findings of Members, it should
also give consideration as to how best the policy might be strengthened and made
more prominent, so as to be most useful to Members in protecting the integrity of
their radar sites and data. It was pointed out that another important consideration
was how to treat data that has been impacted by interference. For example, should
data be “removed” or flagged if and when the quality of data output is adversely
impacted?

2.2.3.

The meeting discussed the fact that, while many Members installed radar systems,
many were either non-operational or not operated to their full potential in terms of
data quality and data utilisation. It was agreed that this should be a consideration in
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relation to the activities undertaken or coordinated by the IPET in the areas of
capacity development and training.
IPET-OWR in the WIGOS Context
2.2.4.

Mr Lockett presented document 2.2(2) to the meeting, which outlined the status
and impact on the IPET of the WMO Integrated Global Observing System (WIGOS),
Pre-Operational Phase that had been established by Congress for the seventeenth
financial period (2016-2019).

2.2.5.

The meeting was informed that the highest priorities for the WIGOS Pre-operational
Phase were: (a) National WIGOS implementation; (b) WIGOS Regulatory Material
complemented with necessary guidance material to assist Members with the
implementation of the WIGOS technical regulations; (c) Further development of the
WIGOS Information Resource (WIR), with special emphasis on the operational
deployment of the OSCAR databases; (d) Development and implementation of the
WIGOS Data Quality Monitoring System; (e) Concept development and initial
establishment of Regional WIGOS Centres.

2.2.6.

It was agreed that, under the above priority areas, the IPET would make a large
contribution under item (b), having a strong focus on development of OWR guidance
within its work plan, in particular in relation to WIGOS guidance on the use and
application of the OSCAR/Surface system in partnership with the WMO Radar
Database (WRD), the specification of the radar metadata model as an application of
the WIGOS Metadata Standard (WMD) and requirements for provision of radarrelated metadata. It would also contribute to the development of the WIR,
particularly in the development of the OWR metadata model for OSCAR/surface and
the processes and methods associated with the determination of OWR capabilities as
applicable to the WIGOS Rolling Review of Requirements. The meeting agreed also
that, once the international exchange of weather radar data increased, the IPET
would need to consider how best to implement quality monitoring as a component of
the WIGOS Data Quality Monitoring System. Additionally, the meeting agreed that
there was likely a future need to establish OWR functions under the Regional WIGOS
Centres framework, particularly in the areas of data exchange, centralised data
processing, data monitoring and perhaps capacity development in radar operation
and maintenance. These commitments to the WIGOS Pre-Operational Phase would
be reflected and identified within the revised and updated work plan under item 5.4.

3. Review of Regional and National Priorities and Requirements on Weather Radar
Systems
3.1.
Presentations by Team Members on Regional and National Weather Radar
Priorities and Requirements
3.1.1.

Various participants presented an overview of the status of operational weather
radar implementation and the important priorities and requirements in relation to
radar system and network implementation and operation within each WMO Region,
based on input of members received and analysed prior to the meeting.

Region I
3.1.2.

Mr Erik Becker, South Africa, made a presentation regarding the status of weather
radar operation in Africa, chiefly focusing on operations in South Africa.

3.1.3.

Within WMO Region I, the following summary of the operational status of radar
systems was provided:
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3.1.4.

•

Western & Northern Africa: Systems have been installed in Mali, Nigeria,
Morocco, Algeria, Libya, although there is no knowledge of what their
operational status is.

•

Lake Victoria Project: Possibility of some radars being deployed in the future.

•

Mozambique: Trying to secure funds to bring their network of radars back into
operation.

•

Kenya and Tanzania: Several radars are installed but are not operational.

•

Malawi: Proposal has been made to construct 1 or 2 radar systems.

•

Rwanda: Has a radar but not sure if it is operational.

•

Botswana: 1 Radar near Gaborone. Have resent a request from Botswana for
SAWS to resurrect their TITAN system.

South Africa operated a network of radars consisting of the following systems:
•

10 Gematronik Meteor 600S S-band (1 Dual-Pol)

•

1 EEC S-band (1976)

•

3 EEC C-band (1980’s)

•

2 Gematronik Meteor 50DX mobile X-band (Not operational yet)

3.1.5.

Under the Rain for Africa project (R4A), South Africa was working with The
Netherlands (KNMI) to implement a radar calibration monitoring system and the
SCOUT radar quality control procedures. South Africa was also working with Hong
Kong China to implement the com-SWIRLS nowcasting system for the WMO Aviation
Research Demonstration Progject (AvRDP )project to support aviation weather
nowcasting.

3.1.6.

South Africa used a diverse range of radar data quality control techniques and filters
which include: Beam Blockage Correction, Ground Clutter Removal, Speckle Filter,
Reverse Speckle, Gabella Filter and Interpolation. South Africa was also attempting
to improve its QPE processing system and data quality through various techniques.

3.1.7.

South Africa also utilised a range of radar product applications including: TITAN
storm tracking, SAFFG (flash flood forecasting) and Hail Detection (HMA). Data
formats utilised included: RB5, MDV and ODIM HDF5.

3.1.8.

South Africa was sharing data internationally with the UK Met-Office and Reading
University for use in NWP verification.

3.1.9.

Future radar operational issues, challenges and priorities for SAWS include:

3.1.10.

•

RLAN interference with C-band radars likely necessitating replacement of these
systems.

•

Network expansion to improve QPE products.

•

Upgrade to dual-polarised radar systems.

•

NWP assimilation of radar data.

•

Improvements in calibration monitoring and quality control.

•

Range of problems impacting on maintenance and costs.

•

Dealing with a range of software platforms and associated licensing.

From a Region I and in particular South Africa perspective, issues that should be
addressed at the international level were:
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•

Automated monitoring processes for radar networks.

•

Standardisation of maintenance, calibration and QC procedures.

•

Frequency protection – e.g. avoiding a repeat of RLAN interference with C-band
systems.

•

Cost effective alternatives, e.g. possible “off the grid”, lower-power and lowmaintenance solutions.

•

International data sharing based on lessons learned from OPERA. Guidance for
SADC region.

Region II
3.1.11.

Ms Pei Chong, China, presented a summary of the status of operational weather
radar implementation and the important priorities and requirements according to
WMO Region II. The full summary text, including the operational status and input
from some of the major network operators is provided within Annex III.

Applications and Capacity Building
3.1.12.

Since Southeast Asia is one of the areas seriously suffering from weather and water
related disasters, the severe weather monitoring is getting the biggest challenges
for effective disaster risk reduction (DRR) activities in the region. Since 2011, RA II
region, especially in the eastern area, the precipitation monitoring capabilities, short
term warning and severe weather detections get significant enhancement through a
series of conferences, workshops, projects from WMO, RA II and NHMSs, e.g.:

a) The Joint RA II/RA V Workshop on WIGOS for Disaster Risk Reduction was held
Jakarta, Indonesia, 2015. The major outcome of the Workshop was the "Jakarta
Declaration", which proposed to develop weather radar involving Members in both
RA II and RA V under the WIGOS umbrella. The joint RA II/RA V WIGOS project
aims at (i) improvement of data quality of existing radars, (ii) development and
expansion of national radar networks, (iii) near real time international exchange of
radar data, and (iv) development of «sub-regional» radar data centre(s).
b) The RA II-16 session (Abu Dhabi, UAE, Feb 2017) adopted the Regional WIGOS
Implementation Plan 2017-2020, which will definitely push RA II Members to go
forward to contribute on DRR.
c) China Now casting/ short-term forecasting accuracy and timeliness are improved:
data have been assimilated into NMP and 0-6 h precipitation prediction accuracy has
been improved by 10%. As part of the Severe Weather Automatic Nowcast System
(SWAN) 2.0, various data sourcescan be integrated, including weather radars base
data and PUP. The platform mainly focus on storm structure data, and is capable of
output more than 10 types of products, e.g. 3-D base-reflectivity, composite ref.,
QPE, precipitation forecasting, storm identify, etc. Radar Operational Software
Engineering (ROSE): replace PUP and can provide additional 39 products in China
mainland. In addition, data from all of CMA's radars are used for assimilation to
NWP.
d) HKO China Weather Radar Systems play important role in Detection and Monitoring
of Severe Weather, automatic Alerts for Windshear and Microburst. There are
several radar products like Dual-polarization Radar Products of Hydrometeor
Classification, Nowcasting products, Integration products of Radar Data and
Lightning Location and also the radar products for the public.
e) JMA’s weather radar data are used in a lot of applications such as High-Resolution
Precipitation Nowcasts, Lightning Nowcasts, Hazardous Wind Potential Nowcasts,
Radar/Rainguage-Analyzed Precipitation (High quality QPE), Very-short-range
forecasts of precipitation and hydrological index (e.g., soil water index, runoff index
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and surface water index). Therefore, the quality of weather radar data is critically
important for weather services in Japan. Also, JMA’s Doppler Radar for Airport
Weather (DRAW) plays an important role in detection and monitoring of severe
weather including micro-burst and horizontal wind shear. Currently, JMA develops
hydrometeor classification products and evaluates QPE derived from dual-pol
variables. Additionally, all of JMA's radars are used for assimilation to NWP. The
assimilated elements are the following: Doppler velocity, pseudo relative humidity
(reflectivity) and analysed rainfall amount.
f)

KMA has made great enhancement on Data QC by use of fuzzy logic approach and
statistical analysis of radar data. The quality index quantized value (0~1) is
assimilated into NWP model for QPE both produced by single-polarization and dualpolarization observation. RAR2.0: QPE can be adjusted by probability matching
method using rain gauge rainfall. RAR is utilized for flash flood warning with the
comparing to ground validation of satellite rainfall estimation. KMA also developed
various radar products including hydrometeor classification, 3D storm structure,
multiple-Doppler wind synthesis; radar-based snowfall estimation is routinely
produced. Three types of nowcasting system provide short-term forecasting for
0~6h precipitation prediction.

Data Exchange
3.1.13.

Under the framework of WMO global weather radar data exchange, RA II Members
were conducting weather radar data exchange among NMHSs, including:

a) JMA contributed to the international radar data exchange. Capacity building makes
much benefit in regional severe weather monitoring through regional workshop,
technical meetings, and experimental data exchange. Among others, the ASEAN
radar workshop (Bangkok, Thailand, 2014) was concluded with great success and
encouraging the participants to further promote the relevant activities.
b) JMA in cooperation with TMD and MMD successfully started the international radar
data exchange in GRIB2 format to create transboundary composite map in a near
real-time basis. This experimental data exchange was started in Nov 2015 as an
achievement of the ESCAP/WMO Typhoon Committee activities.
c) China and Republic of Korea have conducted the weather radar data through the
Sino-ROK special bilateral line under the regulations of the GTS since 2012. China
provides 6 radar sites (Yantai, Qingdao, Dalian, Yingkou, Tianjin and Shenyang) to
Republic of Korea with 5 kinds of products. Radar data transmitted from Republic of
Korea to China include one product (CAPPI) from 10 radar sites. The exchange
frequency is once per hour, while the requirement is 10 minutes.
d) Radar data have been exchanged in the past few years among Guangzhou,
Shenzhen, Zhuhai, Hong Kong and Macao. The frequency of transmission is 6
minutes to each other.
Future priorities
3.1.14.

The following were identified as future priorities within Region II:

a) Improve the accuracy of quantitative precipitation estimation;
b) Promote the weather radar application in following areas: Assimilation in NWP
models, Aviation weather service, Flash floods, Warning of severe weather, Flooding
of rivers and others.
c) Capacity building: Data QC system; Data sharing platform, Warning/alert service;
d) Enhance the maintenance and logistics of radar operation.
e) Strengthen the technical training including engineering, data/product quality control
and data application; put emphasis on practical training conditions.
Issues
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3.1.15.

The most common issues identified within Region II include:

a) Radar upgrade happened in many countries that often leads to changes in scanning
strategies, may cause data issues and difficulty to sharing for applications.
b) Radar data quality control is the eternal issues.
c) Insufficient data application in numerical weather prediction model.
d) Short term warning based on radar observation need to be strengthened.
e) RF protection issues threatened by Radio LAN
f)

Calibrations, no matter single or Dual-pole.

g) Different level of radar data quality among regional countries.
Discussion Topics
3.1.16.

The topics and aspects related to OWR considered most in need of addressing at the
international level were:

a) RF protection is needed through WMO and ITU along with more specific guidance to
regulate the emerging new “black” applications.
b) Regional and global data exchange guidance and materials for different types of
radars.
c) Guide to the use of the asynchronous radars from WMO at regional level.
Region III
3.1.17.

Mr Jose Mauro De Rezende, Brazil presented a summary of the status of operational
weather radar implementation and the important priorities and requirements
according to Brazil as an operator of a diverse range of weather radar networks
within WMO Region III.

3.1.18.

The use of meteorological radar in Brazil started in the year 1970 at the
Meteorological Research Institute – IPMET in Bauru with the investigation on severe
thunderstorm, estimates of precipitation techniques, and its applications in
agriculture, energy and communications as well as its use in weather forecast in
very short term. Since that time, several radars were installed in the country,
mainly as an academic initiative. It was a great progress but still under the
necessities of a big country like Brazil.

3.1.19.

The Brazilian Air Force operates the majority of the meteorological radars in the
county. There are other organizations such as SIPAM, CEMADEN, SIMEPAR,
FUNCEME, CEMIG, Universities, etc.

3.1.20.

The Air Force also started a project to establish a centre to hold the operational data
from all operators and distribute them to the users. Due to the retirement of the
person responsible for the task, this action was put on hold until the nomination of
another official. This was a very solid step towards a radar coordination within Brazil.

3.1.21.

In terms of coordination, the situation in Region III is not well established. Several
countries do operate radars, but there is no data exchange among the national
NMHS.

3.1.22.

In this regard, there is a good opportunity to propose some sort of seminar or
workshop in the Region with a focus on the data integration and data assimilation.
Based on conversation with the PR of Brazil and other representatives, there is
agreement to hold such an event if it is supported by WMO and regional members.

3.1.23.

There is a lot of infrastructure development underway within the Region, including
the implementation of radar systems and there is great potential for collaboration
internationally.
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3.1.24.

A common weather radar standard format is highly desirable and an identified
requirement of radar data users.

Region IV
USA
3.1.25.

Input on the status of operational weather radar implementation and the important
priorities and requirements from the USA perspective was received from Ms
Christina Horvat, USA. This was presented briefly by Mr Paul Joe, who also provided
a presentation on the status of the Canada radar network upgrade.

3.1.26.

In the USA, there is a large effort underway to extend the life of the WSR-88D radar
until 2030. This includes four major changes: Signal processor refresh, transmitter
refresh, pedestal refurbishment and equipment shelter refurbishment. Also, the
Wide Area Network (WAN) communications capability is in the process of being
increased from 2.5Mbps to 200Mbps, at most locations.

3.1.27.

NOAA has focused on improving base data by using new signal processing, clutter
filtering, and calibration techniques and continuing to work differential reflectivity
calibration improvements, investigating technical sub-elements of the Cross
Polarization Power Dual Polarization Calibration method, including solar and ground
clutter scans. NOAA is exploring calibration stability issues including possible
temperature effects on antenna bias and continues to work on CMD algorithm
support, Hybrid Spectrum Width Estimator, and investigating new spectral clutter
filter (CLEAN AP).

USA Weather Radar Networks
3.1.28.

There are 159 National Weather Service WSR-88D weather radars deployed in the
United States, Republic of Korea, and Japan.

3.1.29.

There are 45 Federal Aviation Administration (FAA) Terminal Doppler Weather
Radars (TDWRs) in the CONUS and Puerto Rico.

3.1.30.

The WSR-88D radars are all dual-pol S-band.

3.1.31.

The TDWR radars are single pol C-band.

3.1.32.

WSR–88Ds are used by the NWS, US Air Force and FAA. The WSR-88D radars are
located in the United States, Republic of Korea, and Japan and designed specifically
for weather surveillance and warnings.

3.1.33.

The TDWR radars are used by the FAA and the NWS. The TDWR radars are located
in the United States, close to major airports, and designed to look for low altitude
phenomena.

USA Known Projects and Priorities
3.1.34.

Extend the service life of the WSR-88D until 2030 or beyond (projects underway
FY15 – FY22);

3.1.35.

Improve WSR-88D data quality;

3.1.36.

Improve differential reflectivity calibration;

3.1.37.

Explore calibration stability issues including possible temperature effects on antenna
bias;

3.1.38.

Continue work on CMD algorithm support, Hybrid Spectrum Width Estimator, and
investigating new spectral clutter filter (CLEAN AP) with emphasis on Staggered PRT
Clutter Filtering support;

3.1.39.

Infrastructure improvements, telecommunication service changes, high capacity
upgrades, IT Refresh and security updates;
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3.1.40.

Improve performance monitoring tools; and

3.1.41.

Collaborative use of NEXRAD Level II and cloud services. NEXRAD Level II data has
been archived since 1991 and all of the data is now being made available for free.
It is believed that making the data easier to access and to use is beneficial to all
data users and, as a result, to the wider community.

Issues
3.1.42.

Increasing number of wind turbines/wind farms; and

3.1.43.

Spectrum crowding.

Discussion topics
3.1.44.

CfRadial version 2;

3.1.45.

Data exchange and use of Gibson Ridge; and

3.1.46.

Growth of wind farms and wind turbines.

Canada
3.1.47.

Environment and Climate Change Canada announced that Selex has been awarded a
contract for 20 S Band Klystron Doppler Dual-Polarization radars to replace existing
35+ year old C Band radars. There is an option for 13 more radars. The first radar is
expected to be deployed by Dec 2017 and the network is expected to be completed
by March 2023. An additional radar will be deployed in the Lake Athabaska area.

Region V
Current status of the RA-V Weather Radar Network
3.1.48.

There are currently at least 124 operational Weather Radars within RA-V, managed
by: Australia (61), Indonesia (40), Malaysia (12), New Zealand (9) and Singapore
(2). Within the Regional Association, Fiji, New Caledonia, the Philippines and Brunei
also operate Weather Radars.

3.1.49.

The Australian Weather Radar network is extremely heterogeneous, with a mixture
of S and C bands, magnetron and klystron transmitters, varying beam widths and
equipment of varying ages. All operational radars are currently single-polarisation.

3.1.50.

The Indonesian Weather Radar network consists of 36 single-polarisation C-band
radars, 3 dual-polarised X band radars and 1 single-polarised X-band radar.
Indonesia’s radars are designed by a range of manufactures. An additional 3 X-band,
dual-polarised radars are operated by the Indonesian Air Force.

3.1.51.

Malaysia operates 12 Weather Radars, which are a mixture of C and S band, from
several manufacturers. Two radars are dual-polarisation, while the rest are single
polarisation.

3.1.52.

The New Zealand Weather Radar network consists of 12 C-band radars, of which 4
are dual-polarisation.

3.1.53.

The Singapore Weather Radar Network consists of two dual-polarisation radars; one
S band, one C band.

3.1.54.

Other National Meteorological Agencies operate weather radars within the region,
but detailed information was not available at time of writing.

Current Applications of Weather Radar Data
3.1.55.

Within RA-V, Weather Radar data is used as a tool in its own right to aid forecasters
in the monitoring and prediction of severe weather and the issuing of severe
weather warnings, and also for forecasting of marine and aviation weather,
including wind shear detection. Most countries within the region have data available

CIMO/OPAG-RST/IPET-OWR-1, Final Report, p. 16
in some form for the public, as well as providing industry-specific products and
services.
3.1.56.

Weather Radar data is used as a principle input into various nowcasting products,
especially QPE and thunderstorm tracking. QPE is considered a critical radar-derived
product, as it provides a “real world” translation of radar data with far-reaching
applications from agriculture to hydrology and flood forecasting.

3.1.57.

Despite the variety of different radar types and configurations, there are a number
of composite products from both within a country (e.g. National mosaics) and across
multiple countries (e.g. RA-II, RA-V mosaics).

Future Priorities for RA-V Weather Radar Networks
3.1.58.

With the exception of Singapore, all RA-V countries operate a mixture of single- and
dual-polarisation radars. A consistent priority is that radars should be upgraded to
dual polarisation in the future. Moving to dual-polarisation radars provides that
advantage of allowing more accurate target identification and clutter removal, which
considerably improves the quality of the radar data and allows for much more
accurate products, especially QPE. Many countries operate radars with beam widths
up to 2°, and upgrading to 1° in the future is seen as highly desirable. An increase
in the quality and reliability of radar data lends itself to the ability to reliably ingest
radar observations into NWP models, which may lead to improved forecasts.

3.1.59.

At least Australia, Malaysia and New Zealand are considering network expansion in
the future to improve overall radar coverage. New Zealand planning to install a new
radar near Dunedin within the next two years, and will review the possibility of
installing an X-band gap-filling network, to improve coverage around otherwise
unmonitored areas, in the future.

3.1.60.

Without exception, improved data quality is desired for the future, and this is
generally considered to follow from modernisation and improvement of radar
technology (e.g. smaller beam width, dual polarisation). Improved quality of
Nowcast products, especially QPE, is highly desired, both by improving the quality of
the radar observations (e.g. improved calibration, target classification through dual
polarisation) and through the improvement and expansion of ground networks (e.g.
rain gauges, disdrometers).

3.1.61.

As well as QPE, other blended products are either currently being developed or
planned for development. These include radar/satellite (Himawari-8) products as
well as integration of radar, wind and aerosol (LIDAR) measurements. New products
will allow for new, or improved, applications such as using radar and satellite
products for air traffic control.

3.1.62.

Intra- and inter-regional collaboration will also be critical in the future of weather
radar products. Mosaics of radar data over South East Asia are already being
produced through RA-II and RA-V collaboration. Techniques for monitoring the
calibration and status of radars using other instruments (e.g. GPM, rain gauges, and
radar remote monitoring systems) are currently in use or being developed both
individually and through collaboration. Increasing the collaborative effort on these
products will allow for a greater improvement, and for lesser effort, of the quality of
weather radar data and derived products within RA-V and beyond.

Issues and Limitations for Weather Radar Operation
3.1.63.

There are a number of issues facing operating weather radar networks in the future,
most of which are common to all countries within the region, and indeed the rest of
the world.

3.1.64.

The first is budget. There is an increasing pressure to do more with less, and
obtaining funding to maintain, sustain and upgrade radars is increasingly difficult.
Radars can be expensive to maintain, especially when the networks are
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heterogeneous and may not have a large number of common spare parts. Operating
a network of identical, or nearly identical, radars provides efficiencies in the
maintenance of the network; however the cost of replacing an entire network of
radars (e.g. 40 radars in Indonesia, or 61 in Australia) is considerable. With all
members of RA-V planning to upgrade their radars in the future, the availability of
funding will likely dictate how and when these upgrades occur.
3.1.65.

The availability of spare parts, especially for older systems, can be limited. Parts can
become obsolete, and may require complex engineering solutions to provide
alternatives. Ideally, this should be handled at the manufacturer level, but older
radars may no longer be manufacturer-supported, especially when they require to
be operated beyond their planned lifetime.

3.1.66.

Expertise is another commodity that is considered increasingly scarce. The
availability of radar specialists, either for maintenance and support, or development
of radar products, is thought to become increasingly limited in the future. A
reduction in the availability of radar expertise, coupled with the increased
maintenance complexity of dual-polarisation radars may lead to poor quality radar
data in the future. This is an area where collaboration with other members is critical
to developing and maintaining capacity.

3.1.67.

The availability of sites on which to locate a radar is another issue which may
become problematic in the future. Siting a weather radar can be a complex task,
and providing good quality radar data and coverage of an area while avoiding clutter
(e.g. from wind turbines, cities, mountains, etc.) while also avoiding high costs (e.g.
site leasing, power and communications costs) compounds the challenge.

3.1.68.

Critical to the operation of any radar system is the protection of the radio
frequencies used. Weather radar frequencies, especially at C and S bands are
constantly under threat, either from telecommunications companies or from wireless
LANs operating within the band. Once an interfering signal is present, the quality of
the data suffers and it can be difficult to trace and remove the source of the
interference, even using the local regulatory bodies. This issue impacts on all
weather radar operated and highlights the importance of collaboration with external
bodies (e.g. ITU) and other WMO bodies (e.g. SG-RFC).

Region VI
Russia Status of Operational Weather Radars
3.1.69.

Mr Yuri Pavlyukov, Russian Federation, made a presentation to the meeting on the
status of OWR in Russia and future development plans for the network.

3.1.70.

Russia’s radar network currently consists of the following systems:
DMRL-C (C-band, DP, Doppler) − 29
MRL-5 (S-band, SP, non-Dop) − 12
MRL-5 (X-band, SP, non-Dop) − 9
DMRL-10 (S-band, SP, Dop) − 1
WRM200 (C-band, DP, Dop) − 1
Meteor 500 (C-band, SP, Dop) – 1

3.1.71.

Over 2017 to 2018, ROSHYDROMET expected to install 21 new radars.

3.1.72.

ROSHYDROMET was receiving and utilising exchanged radar data under two multilateral agreements, including with BALTRAD, Belarus and the Ukraine and, in the
future, with the Republic of Korea. These data exchange arrangements allowed the
production of a range of composite products for Eastern Europe.
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3.1.73.

Radar data was being utilised in several application areas for severe weather
monitoring and nowcasting, particularly serving aviation, regional meteorological
offices and municipal administration. Russia was also developing application for NPW
assimilation and QPE for hydrology.

EUMETNET/OPERA
3.1.74.

Mr Theodor Mammen presented information on regional and national weather radar
priorities and requirements in EUMETNET and the challenges relating to radar data
production from a diverse range of systems and operational practices from which a
significant amount of harmonization has been achieved during the 20 years of
international co-operation.

3.1.75.

The European weather radar network has been developed over the past 50 years
commencing initially based on the networks that European countries have
independently built and then, since the 1990s, various international activities have
commenced with the aim to exchange OWR experiences, seek harmonization of
practices and data quality and, more recently, exchange radar data in near-realtime. As a result the European radar network is now extremely heterogeneous in
installation date, manufacturers, scanning strategy, signal processing, and product
generation.

3.1.76.

In particular, under the EUMETNET/Opera programme, a wealth of knowledge on
different techniques and algorithms has been gathered and shared. Under this
programme, the OPERA database has information of 226 radars belonging to
EUMETNET members or co-operating institutes, although not all of them are
currently included in the international data exchange process:
•

179 are C-band, 31 S-band, 16 X-band. 20 radars are reported as non-Doppler,
in Southern and Eastern parts of Europe, but some of that data may be out of
date.

•

Out of the 226 radars in the database, 80 are from last century.

•

As of October 2016, 105 radars were dual polarization with several ongoing
upgrade projects so this situation is changing rapidly.

EUMETNET Priorities in Radar Data Use
3.1.77.

In a survey of EUMETNET members undertaken in January 2017, members were
asked to rate the importance of various applications of their radar data, resulting in
the finding that, while the two most important applications were clearly warnings for
severe weather and aviation weather services, different weather services have
different priorities and many other application areas were important to their
operations, including public access via television and the Internet.

EUMETNET Activities in OWR
3.1.78.

Despite the difficulties that arise from the different priorities of the agencies for
radar data use, the OPERA radar network is nevertheless gradually converging with
respect to hardware, processing, software and operation. This is due to increased
collaboration and information exchange between the nations, for which the OPERA
program is a key framework. The ODYSSEY data hub and compositing centre run by
OPERA helps to ensure that any claimed harmonization progress is measurable.

3.1.79.

The biggest achievement for OPERA harmonization has been the establishment of a
common data model, now supported by all the major radar manufacturers, and the
ongoing dialogue with end-users to include all the relevant metadata.

3.1.80.

During the current programme phase (2013-2018) OPERA has put a lot of effort into
data quality improvement based on comparing and developing algorithms and
monitoring methods. While many methods are implemented centrally in the
ODYSSEY data hub, the algorithm comparisons and monitoring feedback are also of
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benefit for national use. Under the programme, monitoring of data availability has
been operational for a number of years and antenna pointing monitoring based on
the sun commenced in 2016.
3.1.81.

The meeting discussed the procedures developed by OPERA for its ODYSSEY data
hub for the centralised management of radar data and there was agreement that it
would be useful for the IPET to undertake to document this experience with
guidance on best practice related to various aspects including quality management,
data management and software tools, including the advantages of centralised data
processing over de-centralised.

3.1.82.

Mr Ercan Buyukbas, Turkey, made a presentation to the meeting, providing an
overview of the status of OWR deployment identifying some key cooperative
projects and developments within WMO Region VI. Mr Buyukbas informed the IPET
that:

3.1.83.

3.1.84.

•

42 out of 50 members in Region VI have been operating weather radars (based
on information in the WMO Radar Database) of which 40 members had
registered their radars in the WRD.

•

RA-VI members have registered 308 radar systems of which 298 were
operational.

•

In RA-VI, there are important investment projects under implementation for
either installation of new radars or enhancing and upgrading existing radar
networks, e.g. Russian Federation and Turkey.

•

European Weather Radar Network of EUMETNET, OPERA had 32 members
operating 226 weather radars. The OPERA Data Centre, ODYSSEY collected data
every 15 minutes and was responsible for generating and archiving composite
products, including instantaneous surface rain rate, instantaneous maximum
reflectivity and 1-hour rainfall accumulation.

Existing or developing international cooperative initiatives include:
•

During the 2014 Sochi Winter Olympic Games, Russian Federation, Turkey and
Ukraine exchanged radar data, from which Russian Federation generated several
composite products, providing an excellent example of the applicability and
benefits of the international exchange of radar data in Region VI.

•

Under the WIGOS Implementation Plan for Region VI, two projects have been
proposed to initiate data exchange and composite product generation by
Members in two sub-regions: 1) the Black Sea sub-region under the name the
Black Sea Radar Network (BLACKRAD); and 2) the South East Europe Radar
Network (SEERAD). These initiatives will build on the experience of other
cooperative network initiatives such as OPERA and BALTRAD. These proposals
are subject to the agreement and approval of RA-VI Management Group (May
2017) and RA-VI (Sep. 2017).

The session discussed data exchange policy, with experience in Europe having
shown that Members still had a reluctance to openly share radar data and often
preferred to establish bi-lateral and multi-lateral agreements with neighbouring
countries rather than commit to open exchange under the Resolution 40 model. It
was agreed that radar data policy was an issue that would likely require higher level
discussion and decisions to facilitate wider Member participation in global radar data
exchange. This aspect should be considered and acted upon within tasks 4 and or 9
of the IPET work plan.

User Requirements and Applications
Requirements of Climate and Hydrological Applications
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3.1.85.

Mr Andreas Becker, Germany, representing the Global Climate Observing System
(GCOS) and the Commission for Climatology made a presentation on the
requirements of climate and hydrological applications that can be supported by
weather radar systems. These requirements are based on those that were
formulated at the CBS Workshop on Radar Data Exchange (Exeter, April, 2012) and
as further refined under the activities of the GCOS Atmospheric Observation Panel
for Climate.

3.1.86.

While almost all digital weather radars in operational use were initially designed and
operated so as to meet requirements for weather forecast and warning services only,
the use of radar data for hydrological applications for precipitation measurement
commenced development when online-calibration with direct measurements from
automated gauges became feasible. However, the use of radar data for climate
application is perhaps not as well understood by operators.

3.1.87.

It is now recognised that radar-based precipitation monitoring likely uniquely offers
the capability to observe and resolve the accelerations in the global water cycle due
to global warming and to provide communities with heavy precipitation climatology
at decision-relevant (e.g. urban scale) horizontal resolutions.

3.1.88.

Some countries now have archives of data from weather radar networks (such as
NEXRAD in the US and the German radar network) that approach the bi-decadal
time scale and so it is timely now to consolidate the requirements of these data for
climate and hydrological applications in order to be in a position to fully exploit
these data when the temporal coverage reaches the climate-relevant 30-year
threshold.

3.1.89.

However the process of developing longer-term products for climate from OWR is
greatly complicated and challenged by several aspects of radar operation and data
management, including:
•

large gaps in coverage

•

limited access to data, often associated with national data policy

•

demanding climate requirements in terms of geo-temporal homogeneity

•

limited storage capabilities

•

lack of world-wide applied standard formats

•

integration of existing archives

•

quality assurance and control through calibration against rain gauge data

•

scope of storage

•

unrestricted international exchange of radar data.

3.1.90.

The action plan adopted by the 21st Session of AOPC (Atmospheric Observation
Panel for Climate, AOPC-21), 5-8 April, Asheville, NC, United States established a
task team to consider the way forward for establishing the requirements for the
future use of precipitation radar data for climate monitoring and to undertake and
coordinate relevant activities within the AOPC work plan to implement them.

3.1.91.

Part of this work is to ensure that the radar community was made aware of the
comparatively little additional effort required to ensure that the highly beneficial
climatological information from weather radar data was preserved and archived for
climate applications.

3.1.92.

The IPET was requested to consider how it might assist the AOPC in this endeavour
by:
1) Encouraging members to prioritize activities towards long term weather radar
data storage as a contribution to Climate Data Records.
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2) Making and taking opportunities to showcase weather radar based climate and
hydrological applications to demonstrate the strategic value of radar data.
3.1.93.

The meeting agreed that:
1) radar operators need to understand the requirements of the climate community
for the data, including, for example, aspects like the level of quality control
required or expected. Mr Becker suggested that it was in fact radar operators
who were best placed to determine this. The meeting resolved that this should
be developed and included within the guidance material that was developed by
the IPET in relation to QC for applications - Action: Ensure this aspect is
included in the IPET work plan; Chairperson; April 2017
2) A centralised approach to radar data collection, radar metadata (including
calibration time histories) processing and archival for climate seemed the most
optimal way to ensure the required levels of homogeneity. This information is
not captured in the OSCAR or other meta-data databases.

3.2.

Analysis and Discussion of Survey Results

3.2.1.

Mr Lockett presented to the meeting the results and analysis of the brief survey that
had been undertaken by the Secretariat prior to the session, so as to provide
information on the perceived requirements of Members for WMO support and
guidance in relation to OWR (see Annex IV for more details).

3.2.2.

86 responses were received from 84 countries, with 3 responses received from both
China (including separate responses from Hong Kong China and Macau) and Brazil
(derived from 3 separate networks). Of the responses, 79 were received from
national meteorological and/or hydrological services and 75 respondents were from
organisations that operated weather radar systems. Of the remaining 11, 10
expected or intended to implement OWR in the future.

3.2.3.

In total, the responding organisations are operating 773 OWR and had plans to add,
replace or upgrade more than 305 OWR over the coming 5 years. Of the latter, only
3% of future OWR network changes relate to network expansions (new stations).
Around 25% of OWR system changes will be associated with life cycle replacement;
Around 35% will be for technology upgrade.

3.2.4.

The meeting noted that:

3.2.5.

•

The most significant issues associated with OWR were the obtaining of finance
for implementation and maintenance and the training and retention of skilled
staff.

•

While the most common uses and application of radar data were for severe
weather monitoring and short-term prediction, their use in hydrological
applications and also for use in Numerical Weather Prediction was apparent.

•

The areas most identified as those that WMO might offer support and guidance
for were:
o

Software for radar monitoring and quality control

o

Guidance on radar data quality, data exchange, calibration and data use

o

Training on maintenance, data processing and data use

The meeting agreed that:
1) The outcome of the survey offered good guidance on where the IPET should
prioritise its efforts and activities.
2) Action: The survey should be further analysed and the result published as an
IOM report; Secretariat, Chairperson; Mar. 2018
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3) Similar surveys should continue to be undertaken every 3-4 years to continue to
assess Member requirements for support relating to OWR.
4. Review of Outputs of Tasks of CBS and CIMO Radar Work Groups
4.1.

Mr Michelson briefly described how the various tasks and activities of other CBS and
CIMO work groups had been incorporated into the work plan of the IPET based on
the deliberations and decisions of the technical commission management groups as
described in 2.2.

4.1.

ET-SBO and TT-WRDE

4.1.1.

In the case of the CBS Expert Team on Surface-Based Observations (ET-SBO), the
main activity related to the work of the subsidiary work group, the Task Team on
Weather Radar Data Exchange (TT-WRDE) that was tasked with developing a WMO
international standard for exchange of weather radar data. The work of the task
team was consolidated under task 4 of the IPET work plan.

4.2.

RQQI

4.2.1.

As described above in 2.1.6, the Radar Quality Control and Quantitative
Precipitation Intercomparison (RQQI) had been stopped and relevant activities had
now been integrated into the work plan of the IPET under task 6.

4.3.

ET-ORST

4.3.1.

The radar-related work of the CIMO Expert Team on Operational Remote-Sensing
Technologies (ET-ORST) had also been incorporated into the work plan of the IPET,
with all activities focused on the development of guidance and so carried forward
under task 3.

5. Presentation and Review of the Work Plan
5.1.

Work Plan

5.1.1.

Mr Daniel Michelson presented document 5.1 to the session, introducing the draft
Work Plan that had been reviewed by the CIMO Management Group (MG) and CBS
OPAG IOS co-chairs and CBS President. CIMO and CBS had supported the proposed
workplan but had requested the IPET-OWR-1 meeting to finalize it, prioritizing
activities to ensure that the deliverables could be achieved by the next CIMO
session (Sept. 2018). The meeting briefly reviewed the work plan ahead of its more
comprehensive revision and update under item 5.4.

5.2.
Status of Existing Tasks and Activities / Regulatory Material, advice and
guidance to WMO Members
Collaboration with ISO
5.2.1.

Mr Paul Joe presented document 5.2(1) to the session, which describes the process
under which WMO and the International Organization for Standardization (ISO) have
been working together on a joint standard for weather radars within ISO Technical
Committee number 146 (TC146), Sub-Committee 5, Working-Group 7 regarding
weather radar. Marco Gabella has represented WMO in the ISO working group. The
objectives are:
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1) To define a standard that supports countries who plan to install and operate a
weather radar but lack the necessary technical experience. Particular attention is
given to long-term performance, stability, availability, affordable maintenance
and acceptance tests.
2) Better balance between initial hardware vs spare parts, maintenance,
operational 24h/7d, all seasons. Focus on important aspects, cost/benefit, better
use and long-term perspective of World Bank funded projects in developing
countries. Avoiding offers that look appealing on paper and then full of problems
in the real world.
5.2.2.

The standard was still in draft form and the technical comments by IPET-OWR
members were requested. After revision, the document would be known as the
Draft Standard and would be sent to ISO and WMO members for their review.

5.2.3.

Action: IPET-OWR team members to revise the draft standard and provide
feedback to Mr Gabella and the Secretariat, in particular, team members (Japan and
Russian Federation) with pulse compression radars are asked to contribute their
expertise; IPET-OWR; May 2017

Status of weather radar data exchange
5.2.4.

Mr Daniel Michelson presented information on the status of weather-radar data
exchange that originated mostly from the outcome of the Workshop on Weather
Radar Data Exchange held in Exeter, UK, in 2013. This information was compiled in
tabular form.

5.2.5.

Maps showing which countries exchange their data internationally in each Regional
Association were compiled in 2014 and presented at ERAD then. They were
subsequently presented at the first meeting of the Task Team on Weather Radar
Data Exchange (TT-WRDE-1) together with the tables.

5.2.6.

There are several uncertainties when it comes to the status of data exchange, and
some of the information, both tabular and maps, need to be updated.

5.2.7.

New versions of the maps were presented. Mr Michelson informed the team that the
maps were created using Open Source software, and that the scripts could be made
available on GitHub for those who may find them useful.

5.2.8.

TT-WRDE has made considerable progress on the creation of a new information
model and corresponding data model and file format representation. The latest
version of the information model was provided as an information document (INF.6).
Now that this work has been migrated into IPET-OWR, it will be finalized as the
proposed WMO single global standard for weather-radar data.

5.2.9.

Action: IPET-OWR team members to inform the team when changes are known to
occur, e.g. when radar data from a given country become exchanged internationally,
with which countries, along with details about the exchange: IPET-OWR: Ongoing

WMO Radar Database and WIGOS OSCAR/Surface
5.2.10.

Mr Ercan Büyükbaş made a presentation to the meeting on the current status and
issues of the WMO Radar Database (WRD), which is maintained and operated by the
Turkish State Meteorological Service (TSMS) on behalf of WMO, making the
following key points:
•

The WRD originated from a joint task of CIMO and CBS expert teams in 2009 to
establish a web based platform for collecting, archiving, monitoring and
updating of the metadata of the weather radars used by the Members. The WRD
developed by Turkish State Meteorological Service (TSMS) commenced
operation in 2011 and was formally endorsed by WMO through an exchange of
letters between the TSMS and WMO in 2012. See:
http://www.wmo.int/pages/prog/www/WRO/index_en.html
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5.2.11.

•

While the number of the Members registering in WRD was 49 in 2009, the
registered Members providing the radar information into WRD in 2017 was 88,
with the total number of entries having increased from 464 to 926 weather
radars. There were now 75 WMO Focal Points on Weather Radar Metadata that
are designated by Members to carry out the required maintenance of the WRD
metadata.

•

Subsequent to the requests and recommendations of the joint meeting of CIMO
ET-ORS & CBS ET-SBO in October, 2015 several new features and functions had
been developed and implemented by the TSMS, including, the online and direct
database update, based on administration approval.

Mr Büyükbaş identified the following issues:
•

There were still quite a few Members who were not yet providing their OWR
metadata to the WRD, including several large network operators.

•

There appeared to be a need for machine to machine interfacing for larger radar
networks (e.g. CMA).

•

There apparently was a discrepancy in the metadata of EUMETNET/OPERA and
the WRD and this required analysis and a possible solution, in the context of the
development of a definitive specification of the weather radar metadata model,
based on the WIGOS Metadata Standard.

•

A full compliance between WRD and OSCAR/Surface has also not been achieved
yet. The meeting concluded that there was a requirement to undertake a study
and analysis to determine how best to accommodate the requirements of
Members to provide their radar metadata so as to ensure compliance with the
WIGOS Metadata Standard via either or both the WRD and OSCAR/Surface,
taking into account also the provision of metadata via data exchange.

5.2.12.

The IPET was requested to take on the responsibility for the oversight of the
operation and maintenance of the WRD and to consider requirements for new
functionality or features.

5.2.13.

Mr Büyükbaş also informed the meeting that it was recommended by CBS-16 that
Members should submit their metadata to OSCAR for relevant observing systems
primarily via Machine to Machine and OSCAR/Surface Web interfaces, but also via
the GAWSIS, WMO Weather Radar Database, and JCOMMOPS databases as
appropriate and that this process was expected to be approved by EC in 2017 (EC69). To facilitate this, Members would be expected to nominate their OSCAR focal
points to be responsible for maintaining the metadata of observing systems in
accordance with the WIGOS Metadata Standard, either through the respective web
interfaces of the databases, or via machine-to-machine interfaces.

5.2.14.

Mr Lockett informed the meeting that WMO had established a mechanism for routine
update and maintenance of the WRD, with an email reminder and request sent to
focal points every 3 months, although, FPs were encouraged to maintain the
database on ad hoc basis also so as to make changes as soon as they were
identified. The IPET was also informed that there was a requirement to develop
guidance and procedures on the WRD and its maintenance for incorporating in the
Guide to WIGOS.

5.2.15.

The meeting also discussed the development of the OSCAR/Surface and the
requirements for development of a capability within OSCAR to determine the
capabilities of the global radar network in the context of the WMO Rolling Review of
Requirements. Mr Michelson informed the meeting that ET-SBO had developed and
provided to the OSCAR/Surface project, a recommended specification for this
function – See Annex V, second table, Weather Radar Capabilities for OSCAR.
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5.2.16.

The Chair presented an information document (INF.8), in the form of a spreadsheet
that attempts a three-way mapping of information content among the WIGOS
metadata standard, the emerging information model for weather-radar data (INF.6),
and the WMO Weather Radar Database (WRD). The mapping exercise was useful in
that it highlights what information is presently available in to describe the
characteristics of the site and the instrument (WIGOS), what information is
expected to be exchanged internationally as part of a real-time payload (information
model), what information is used to describe each radar in the WRD, and what
information is common to one or more of these sources.

5.2.17.

The following actions were agreed:
•

Action: Mr Büyükbaş to lead the development and documentation of the
specification of the weather radar metadata model based on the WIGOS
Metadata Standard and analysis of its application within the WRD and
OSCAR/Surface; Büyükbaş and IPET members; Sep 2017

•

Action: Mr Büyükbaş to request the TSMS, in consultation with the
OSCAR/Surface development project, to consider requirements for a machinemachine interface for the WRD; Büyükbaş; Sep 2017

•

Action: Mr Büyükbaş to lead the development of guidance for the Guide to
WIGOS on the operation of the WRD and the requirements for members to
maintain the metadata as a function of the operation of the OSCAR/Surface;
Büyükbaş and IPET members; Dec 2017

Existing and Newly-Developed WMO Regulations and Guidance
5.2.18.

Mr Lockett briefly presented document 5.2(4) to the meeting which outlined the
previous and ongoing work that had been undertaken in relation to the development
of regulations and guidance on OWR.

5.2.19.

A (non-exhaustive) list of WMO regulatory and guidance materials relating to
weather radars that were either published already, awaiting publication or under
development and for which the IPET-OWR has responsibility to maintain or develop
was presented and is provided within Annex V. The list in the first table, “New or
Under Development” will be maintained and updated in the future in accordance
with the work plan and the progresses of the IPET.

5.2.20.

The meeting was informed about the status and nature of regulatory and guidance
material within WMO and the process and procedures for updating and maintaining
them. The IPET would need to take into account both the development of the
WIGOS regulatory framework and to maintain and develop guidance within WMO No.
8, (CIMO Guide), meaning that it would be necessary for the IPET to coordinate with
both the CIMO and WIGOS editorial boards for direction and advice on the process
and schedule for development, integration and approval of regulatory and guidance
materials.

5.2.21.

The IPET was invited to consider and discuss the schedule and process for review
and development of the various regulatory materials for which it is responsible, the
results of which are described under item 5.4 and within the updated work plan.

Guidance on Weather Radar Networking
5.2.22.

Mr Paul Joe presented document 5.2(5) to the session, describing the development
of a guide for the implementation of a radar or radar network that has been
prepared to provide high level guidance to WMO members and to potential funding
agencies. Among the target audience are those members without early warning
systems. The guide advocates that the service and sustainability be key
considerations before specifying technology. The requirements of the applications
must first be considered and include early warning services for convective weather
(strong winds including tornadoes, heavy rain/flash flood, lightning and hail),
hydrological applications for agriculture, wind shear alerting for aviation, general
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weather surveillance, climate, assimilation of continental-scale radar network data
into medium range forecast models and fine scale radar data into high resolution
numerical weather radar prediction. The guide also advocates that regional sharing
of radar data and perhaps maintenance be considered as radars are complex and
expensive but enabling observation technology.
5.2.23.

All observation technology will have its failures and radars are no different. Funding
agencies are encouraged to fund sustainability initiatives for radars and their
applications (maintenance and operations, technical training, data processing
capacity building, mesoscale meteorological analysis, warning decision making).

5.2.24.

IPET-OWR team members were invited to:
1) Review and comment on the Guide to its comprehensiveness but also to its form.
2) Contribute by providing examples of radar tender documentation.
3) Contribute to ongoing cost estimates. Only bought order of magnitude
estimates are required and they may be anonymously contributed.
4) Comment on how to articulate the value of radar data sharing and/or make
compelling case for regional sustainability initiatives to reduce overall costs and
to enhance sustainability.

5.2.25.

Action: IPET-OWR team members to revise the draft Guidance on Weather Radar
Networking and provide feedback to the Secretariat; IPET-OWR; May 2017

Dual polarization weather radar (ET-ORST, Task 3)
5.2.26.

On behalf of Ms Christina Horvat, the Chair presented document 5.2(6) which
outlines the NEXRAD Radar Operations Centre’s activities aimed at improving use
and calibration of dual-polarization. The issues are studied, the analysis yields
findings and recommendations, which are then the basis for formulating Engineering
Change Proposals (ECPs) that address both hardware and software improvements.
The goal is to achieve absolute systematic ZDR biases of <0.2 dB and the current
estimate is that 60-70% of the radars operate within this tolerance.

5.2.27.

The meeting agreed that, while the material presented documented well the
experience of the USA NEXRAD with dual-polarisation calibration, there was a need
to obtain a wider experience of WMO Members in this area and to perhaps extend
the guidance being developed to encompass more generally the operational aspects
of dual-polarised radar. The outcomes and materials from the upcoming DWD
workshop on radar calibration should be considered for input to this activity. The
sensitivity of data quality related to calibration should be considered.

5.2.28.

Mr Li Bai, China, suggested that further testing of dual-polarisation and other radar
calibration processes and procedures might be undertaken at the radar test beds of
CMA and KMA and that the IPET might define test procedures to be undertaken at
these sites, once standards were established.

5.2.29.

Action: The IPET to develop a plan for the development of guidance on dualpolarised radar operation and calibration as a contribution to the Guide to Best
Practice; Tsukamoto, IPET members; Jun. 2017

5.2.30.

Action: The IPET to consider the development of specification of tests for radar
calibration processes that might be undertaken at international radar test bed sites;
Li Bai; March 2018.

Operation of weather radars in mountainous regions (ET-ORST, Task 5)
5.2.31.

Mr Wai Kong, Hong Kong China, presented the session with an update on the draft
document for weather radar operation in mountainous regions. Mr Kong briefed the
session background, intention and approach on preparation of this document. The
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document would focus on discussion of major challenges in operation of weather
radar in highlands, and provide examples and recommendations on each challenge.
The ultimate goal is to prepare an IOM report on this topic for reference by NMHS.
The session recognized the preparation works done by Mr Kong for the document,
and agreed with the intention and approach of the document.
5.2.32.

Six major challenges in operation of radars in mountainous regions were discussed
in Mr Kong’s presentation which included (i) total/partial beam blockage by terrain
obstacles, (ii) missing data at low-level region or valley, (iii) non-ionizing radiation
level regarding health and safety issues associated with human exposure, (iv)
susceptibility to lightning strikes, (v) accessibility and (vi) infrastructure for
telecommunication. Mr Kong elaborated the challenges with examples and proposed
recommendations to mitigate some of these challenges. For example, correction
techniques for radar echoes in partial beam blockage, making use of land surveys or
high resolution digital elevation map to harmonize different radars on the network
for maximum coverage, ICNIRP guidelines for NIR exposure, routine onsite and
offsite NIR surveys and estimate of NIR level using ITU-R recommendations etc. Mr
Kong also shared the Hong Kong Observatory (HKO)’s experience on confronting
some of these challenges.

5.2.33.

Mr Kong noted that more works and discussions on the challenges would be needed
in order to enrich the document. Mr Kong pointed out that the current document
was prepared mostly based on HKO’s and his own experiences. The document might
not cover all challenges worth mentioning in operation of radar in mountainous
areas that were experienced by other NMHS. Mr Kong requested members of IPETOWR to share their experiences and provide inputs and examples on this topic for
incorporation into the document so as to deliver a more comprehensive IOM report.
A number of IPET-OWR members agreed to participate in preparation of the IOM
report. An updated document would be provided by Mr Kong later this year for
inputs and comments by IPET-OWR members.

5.2.34.

Action: IPET members to provide input and examples to Mr Kong relating to their
experiences with the operation of radars in mountainous regions; IPET members;
Aug. 2017

5.2.35.

Action: Mr Kong to complete the final draft version of the document on the
operation of weather radars in mountainous regions and provide to the IPET-EB for
review and finalisation; Kong; December 2017

Evolution of weather radar technologies: New developments, resource requirements,
spectrum allocation constraints (ET-ORST, Task 7)
5.2.36.

Ms Chong Pei, China, provided a presentation on document 5.2(8) and the ET-ORST
task to develop guidance on Evolution of weather radar technologies: New
developments, resource requirements, spectrum allocation constraints (formerly ETORST, Task 7).

5.2.37.

The meeting was informed in particular about the recent new developments and
technical issues relating to radar network development under the WIGOS framework
in China, where it had been found that radar network design was critical when
considering the existing other operational observations network as a whole
“Network of Networks” so as to meet requirements for data risk recovery and
disaster risk mitigation activities and applications, which extend beyond
meteorological requirements. Research on X-band networking and phased array
radars is also being undertaken.

5.2.38.

Ms PEI also noted that CMA has developed a weather radar implementation plan (to
2025) and many activities (e.g. several testbeds will be established to improve realtime calibration ability, maintenance and training) have been conducted to improve
the use & calibration of dual-polarization. The issues are identified and studied,
some key components have been upgraded, both hardware and software, aimed at
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meeting the systematic ZDR biases of <0.2 dB, which the existing 24 operational
dual-polarisation radar systems are capable of reaching.
5.2.39.

The team agreed that there was a need to refine and reduce the scope of this task
to develop new information and guidance on the evolution and development of new
radar technologies and that perhaps an initial focus for the task might be the
materials and information presented at the upcoming AMS radar conference in
Chicago in August 2017. The meeting agreed that there should be an aim to
produce a short document on new radar technologies, with a view to sharing it with
the IPET members and if appropriate publishing it either as an IOM report and/or
summarising the material as an addition to WMO No. 8.

5.2.40.

Action: The IPET to develop a short report or guidance document on new and
developing radar technologies; Horvat, IPET members; Dec 2017

Intercomparisons of weather radar algorithms and products (Radar Quality Control
and Quantitative Precipitation Intercomparison (RQQI), ET-ORST, Task 9)
5.2.41.

Mr Tom Kane, Australia, made a presentation to the meeting on document 5.2(9) of
the document plan. Mr Kane reiterated that, while the work of the RQQI as a
formalised intercomparison project has been ceased, much of the work had now
been incorporated into the work plan of this IPET. However, the scope of the work
has been adjusted to better represent the needs of the community and to create a
manageable and realistic task within the IPET. The notion of conducting a formal
and traditional intercomparison of weather radar systems had been deemed to be
impractical and the specific focus on data processing and quality control for QPE had
been expanded to address the requirements of other applications of weather radar.

5.2.42.

Mr Kane informed the meeting that the quality of weather radar data was
considered to consist of three general steps: (1) Radar calibration, (2) Signal
Processing, and (3) Post processing. The first could be addressed by collating
techniques and standards of radar calibration, including calibration monitoring, with
a view for these processes to be documented in a Weather Radar Best Practices
Guide. The second step could be addressed by collating common algorithms or
techniques used at the signal processing level for removing or correcting required
artefacts. It was expected that these techniques would be documented in a Weather
Radar Best Practices Guide. There was a connection to the metadata exchange
format, as it would be highly desirable to ensure that metadata relevant to the
processing techniques are included. Similarly, the third step involved documenting
common post-processing techniques and describing the artefacts which are removed
or corrected, and compiling the information into a Weather Radar Best Practices
Guide.

5.2.43.

The requirements of various applications of weather radar should be documented to
determine the specific level of quality control, especially at the post-processing level,
that is required for each radar user application. These requirements would also be
documented in a Weather Radar Best Practices Guide to ensure that the information
is available to members, or other organisations, looking to either establish or modify
a weather radar network or implement additional applications using existing weather
radar networks. The specific requirements of individual applications would also be
critical to developing the success metrics for any intercomparison of techniques,
should a formal intercomparison be carried out in the future.

5.2.44.

Action: Deliberations and discussions from the IPET session and from item 6 to be
incorporated into the IPET work plan; Chairperson, Kane; April 2017.

Integration of observations from different rainfall observation systems (ET-ORST,
Task 10)
5.2.45.

In the interests of time, the Chair referred the team to document 5.2(10) for the
details related to such ideas on data integration. The team agreed that, while such
an activity is valuable, it lies outside the core scope of IPET-OWR and was also
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being addressed within the CIMO/OPAG on In-situ Technologies and
Intercomparisons. The IPET would therefore confine its activities to making itself
available as subject-matter experts in a liaison capacity.
Operation of Weather Radar Systems (Japan)(ET-ORST, Task 15)
5.2.46.

Mr Naoki Tsukamoto, Japan, reported the work plan of the development of a
comprehensive report on operation of weather radar systems in Japan. The report is
intended to share the JMA’s long-term experience of advanced weather radar
operation for the disaster risk reduction.

5.2.47.

The report was expected to be completed and submitted to the WMO Secretariat
before March 2018 and will contain the development of radar network observation,
its system structure, operation and maintenance as well as application of weather
radars.

5.2.48.

Mr Tsukamoto also informed the meeting that the printed document that was made
available to participants at the beginning of the session on radar application in JMA
and as presented at the beginning of the session by Mr Makoto Nishijima of JMA
includes the details of various applications of weather radar in JMA. JMA proposed
that this publication should be considered for publication as a WMO report (i.e.
WIGOS technical report or IOM report).

5.2.49.

Action: IPET-OWR to review the JMA document on radar applications and the
subsequent document on JMA radar operations and prepare for WMO publication;
IPET-OWR-EB; Sep. 2018

Impact of Wind Turbines on Weather Radars (ET-ORST, Task 16)
5.2.50.

Mr Michelson briefly presented the materials that had been submitted by Ms Horvat,
USA, relating to the identification and documentation of wind turbine interference
issues that had been experienced in the USA since 2007. This experience
incorporated information from more than 1300 developments and identified the
following key aspects:
•

Wind Turbine Clutter (WTC) causes erroneous precipitation estimates, referred
to as “nuisance” clutter, which can result in false alarm warnings or obscure
severe weather signatures.

•

There was no legal authority or entity in the USA that could prevent a wind
energy development, although the wind energy industry, overall, has been
cooperative and the NEXRAD Radar Operations Centre had provided guidance
designating a 4 km “No Build Zone”.

5.2.51.

The meeting agreed on the need for the IPET to review and determine requirements
to update and strengthen WMO policy on wind turbine/radar interference and
separation, taking into account the working being undertaken on this matter within
EUMETNET and Germany – see 5.3 below.

5.3.

New Tasks and Activities

Weather Radar Calibration Issues
5.3.1.

The meeting briefly discussed the issue of radar calibration and identified this as an
important area of work for the IPET, particularly in relation to the development of
guidance and best practices.

5.3.2.

Mr Mammen informed the meeting that DWD, Germany would host the Weather
Radar Calibration and Monitoring Workshop over 18-20 October 2017 in Offenbach
and would focus on the exchange of experience and plans on methods and tools for
(DualPol) weather radar monitoring and calibration. The meeting agreed that the
IPET should seek to ensure the attendance of one or more team members at the
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workshop with the aim to report back to the team and assess the possibility for the
results and outcomes of the workshop to feed into the IPET work plan. The meeting
agreed that, the IPET should in particular assess the possibility to derive guidance
or best practice materials from the workshop with a view to possibly consolidating
these with other materials and information as an activity of the IPET in 2018.
5.3.3.

The meeting agreed that the Korea Olympic Project (ICE-POP) provided a unique
opportunity. International experts (leaders in radar calibration) will augment the
KMA operational radars (S, C, X) with research radar systems (X, Ka, Ku, W) and at
least two advanced precipitation reference stations (for snow). In addition, the
project will include the leading GPM radar scientists. As part of their normal
activities, the experts will calibrate, compare, adjust and QC the radar data by
various means. There will no doubt be diversity in approach and differences in
result. Tracking and documenting their efforts will significantly contribute to
providing a wide variety of state of the art materials for Guidance material on
Calibration, QC and QPE – particularly in winter situation.

5.3.4.

Mr Lockett informed the meeting that JAXA/EORC and Japan Weather Association
(JWA) had started a feasibility study of ground radar calibration using the space
borne precipitation radar of the GPM and that the IPET had been requested to
consider the potential impact of the Global Precipitation Measurement satellite
mission in relation to OWR calibration and data integration. The IPET agreed that
the results of this study should be considered with a view to the potential to play a
role in the calibration practices of OWR.

5.3.5.

Action: Incorporate radar calibration activities into the work plan; Chairperson,
April 2017

Policy on Operational Weather Radars
5.3.6.

The meeting briefly discussed the various possible activities that the team should
address in relation to policy on OWR, agreeing that there were two pressing issues
that should be prioritised in the IPET work plan:
1) There was a need identified for WMO to assist members in their endeavours to
deal with the various interference issues, of which the two most pressing were
interference from wind turbines and interference from Radio Local Area Network
(RLAN) sources.
2) Related to the exchange of weather radar data, the IPET should request,
through the technical commissions, wider and stronger support of WMO
Members in the international exchange of radar data in support of the various
regional and global applications, such as Disaster Risk Reduction, severe
weather monitoring and NWP.

5.3.7.

In relation to the first issue, and in particular to wind turbines, it was agreed that
the IPET should undertake a revision of the WMO policy on wind turbine proximity to
radars that is contained in WMO No. 8, Part II, Chapter 7, Annex 7B, WMO Guidance
Statement on Weather Radar/Wind Turbine Siting, taking into account the work and
analysis that is currently being undertaken by DWD on this matter.

5.3.8.

It was explained that, while WMO cannot impose or implement legally binding
policies relating to interference issues, it was able to coordinate international efforts
among national and regional Members to gather and document evidence of issues
and provide guidance that supports the efforts to protect frequency bands and avoid
interference within the appropriate forums at both the national and global level.

5.3.9.

Action: Incorporate activities on radar interference issues and policy development
into the work plan; Chairperson, April 2017
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5.3.10.
Action: Collate information and evidence relating to interference issues; IPET-OWR;
Ongoing
International and Regional Collaboration – Conferences
5.3.11.

The meeting discussed the activities related to international and regional
collaboration that might be supported or coordinated by the IPET in fulfilling item 6
of the ToR of the IPET. It was agreed that the AMS, ERAD and Asia international
conferences of radar were the primary foci for international collaboration and
sharing of information, research and developments in radar and that WMO and the
IPET should seek to at least observe and report on the outcomes of these events.

5.3.12.

Action: The IPET to ensure representation of its members at major international
events and to report to CIMO and CBS on important developments on OWR; IPETOWR; Ongoing

5.3.13.

The meeting decided further that the IPET might approach ERAD regarding the
possibility to work with the organisers of the 2020 ERAD event towards WMO
playing an active role in its organisation, so as to promote its own efforts and show
its support for international collaboration on OWR.

5.3.14.

Action: The IPET Chairperson to approach ERAD to determine the possibility for
WMO to contribute to the organisation and coordination of ERAD 2020; IPET
Chairperson; In conjunction with ERAD 2018

Capacity Development and Training
5.3.15.

The meeting discussed its mandate and capacity to support and coordinate activities
on capacity development and training relating to OWR and agreed that, in addition
to supporting and reporting on the outcomes of the DWD radar calibration workshop
(see above), such activities should initially be focussed in a few areas:
1) The IPET should coordinate efforts to enhance and extent the international data
exchange of weather radar data and the use of the future developed WMO
international standard data exchange format(s). Action: Incorporate future
activities on OWR data exchange capacity development and training into the
IPET work plan; IPET Chairperson; April 2017.
2) The IPET should make an assessment of the international training programs on
OWR that are being run by WMO Members, with a view to perhaps establishing a
recommended curriculum or set of topics for training programs. The IPET should
also provide input and advice to training programs as requested.
3) The meeting agreed that it would be very beneficial to establish a database of
international radar experts on particular topics that might be requested to
support training activities as invited presenters or lecturers.
4) The IPET should review and further develop as necessary, a set of competencies
for OWR in consultation with the CIMO/Task Team on Competencies.

5.3.16.

Action: Incorporate tasks and activities on OWR training and competencies into the
IPET work plan; Chairperson; April 2017.

5.4.

Finalisation of the Work Plan

5.4.1.

In plenary, the session actively reviewed the work plan, taking into consideration
the results of the group sessions (item 6) and also delegated team members to
particular tasks. The most significant modification was to improve the balance
between Tasks 3 and 6.
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5.4.2.

In reviewing the IPET work plan, the team focused on ensuring that the tasks would
be realistic and achievable, with priority focused on addressing those items for
which deliverables could be achieved and reported during the current intersessional
period of CIMO and particularly carrying forward those activities that had already
been commenced under other work groups and handed over to the IPET. Much of
this work related to the development of various guidance materials under task 3.

5.4.3.

Also in relation to the development of guidance on OWR and given its importance as
a contribution to the development of WIGOS in the Pre-Operation Phase, the
members agreed that the team would, over the longer-term, work towards the
development of a Weather Radar Best Practices Guide (BPG) under the direction of
the IPET Editorial Board, comprised of the Chairperson and the vice-chairs of the
team. The aim for the BPG would be to consolidate the various more detailed
guidance gathered and developed by the team within a well-structured document.

5.4.4.

The Secretariat and Chair agreed that the feedback collected from the group
sessions, along with details and actions that emerged during the session and the
work plan review would be merged into an updated work plan that would be
annexed to this meeting report.

5.4.5.

The revised and updated work plan is provided within Annex VI.

6. Work Plan Group Sessions
6.1.

Following item 5.3 and before the review of the work plan under item 5.4, the
meeting was divided into two sub-groups to focus on two tasks in the work plan,
with Group A to consider the requirements for advancing the IPET work on
calibration, quality control and data processing and Group B on weather radar data
exchange.

6.2.

The outcomes of the group sessions were discussed in plenary by the teams and it
was agreed that the results should be appropriately integrated into the work plan.
The result from the group sessions is provided within Annex VII and were used to
develop the updated workplan provided in Annex VI.

7. Any other Business
7.1.

Mr Michelson mentioned that he had been contacted by a representative of the
World Bank in Geneva, who was looking for individual experts who could work on
short-term assignments related to projects involving the acquisition of weather
radar(s). Mr Michelson brought this enquiry to the attention of IPET-OWR-1 for
information. Due to lack of time, this issue would be followed up though email
contact to the IPET-OWR mailing list.

7.2.

Mr Michelson also raised an issue regarding the leadership of the IPET and informed
the meeting that the Secretariat had received an offer from both Japan and
Australia for Mr Yoshiro Tanaka and Mr Tom Kane, respectively, to accept a
leadership role in the team under the leadership of the Chairperson. The meeting
agreed to make the recommendation to CIMO and CBS that both Mr Tanaka and Mr
Kane should be appointed as vice-chairs of the IPET.

8. Close of the Session
8.1.

After thanking all the participants for their contribution to the success of the
meeting and the hosts, JMA, for their kind and generous hospitality and
coordination throughout, the session was closed by the Chairperson at around 5:30
pm on 16 March, 2017.
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ANNEX II – TERMS OF REFERENCE OF THE CIMO INTER-PROGRAMME
EXPERT TEAM ON OPERATIONAL WEATHER RADARS
Within the WIGOS framework, under the governance of CIMO and the joint guidance of CIMO
and CBS, act as the WMO primary working group on operational weather radars (S, C and X
band) with responsibility to:
(1)

Develop and propose regulatory and guidance material on:
(a)

Standardization of, and regulations and guidance on, systems requirements and
specifications, quality control, maintenance and operation, data processing
algorithms, data products and data quality monitoring, weather radar composites,
and scanning strategies;

(b)

Response to requirements of data users; and

(c)

Training and capacity development.

(2)

Contribute to development of methods, models and formats for the international
exchange of weather radar data and metadata.

(3)

Provide advice on network design.

(4)

Provide guidance on radio-frequency allocation and protection.

(5)

Review and report on potential operational developing and emerging weather radar
research and technologies.

(6)

Collaborate with other international and regional organizations on relevant matters,
particularly including international standards organizations and research bodies and
associations.

(7)

Collaborate with and respond to the requests of WMO constituent bodies, as
appropriate.

(8)

Develop and document proposals for the activities of the Inter-Programme Expert
Team.

(9)

Report on issues, activities and progress to CIMO and CBS.

__________
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ANNEX III – REGIONAL AND NATIONAL WEATHER RADAR PRIORITIES
AND REQUIREMENTS IN ASIA
SUMMARY
This Annex provides information on Regional and National Weather Radar Priorities and
Requirements in part of Asia (part of RA II). There is a significant step forward on radar data
quality enhancement, and many new requirements and applications emerged among the RA II
members. But, still a remarkable gap remains which leads to big challenge on data QC,
applications of these data, and national, regional and international data exchange.
RA II Weather Radar Network NOW (but need more survey):
Japan, Republic of Korea, HK China & China mainland Weather Radar network
a) There are 295 weather radar deployed in China mainland, including the CMA and
civil aviation department, the 1 km AGL coverage reach to 22%. Multiple types of
radar operated in China: fixed, S-band, C-band, X-band, Mobil, C-band and X-band
phased array weather radar. 24 S-band are dual-pol, 101 weather radars are
planned to upgrade to dual-pol by 2020 supported by CMA project.
b) JMA's weather radar network is composed with 20 C-band Doppler radars (singlepol). JMA also operates Doppler Radar for Airport Weather (DRAW) network which
is composed with six C-band single-pol and three C-band solid state dual-pol
weather radars. Of which, one JMA’s single-pol DRAW will be replaced with solid
state dual-pol by 2019.
c) HKO Weather Radar network is composed with two S-(one single, one dual-pol),
two C-band (both single-pol) and one X-band (dual-pol) radars.
d) Republic of Korea weather radar network is composed with 31 S-, C-, and X-band
respectively. 25 single-pol. and 6 dual-pol. radars, including fixed and mobile
weather radar. Of which, 11 KMA radars will be replaced with dual-pol by 2020.
Three X-band dual-pol radars with solid-state power amplifier will be installed by
the end 2017.
The ASEAN weather radar information (by Feb. 2014)
e)
f)
g)
h)
i)
j)
k)
l)

Indonesia C-band and X-band, 31 in total, all is single-pol. (note: EEC (15),
Gematronik (11), Baron (3), Vaisala (1)).
Lao PDR 1 C-band single-pol. (JRC)
Malaysia 7 S-band, 4 C-band, X-band.(EEC, Gematronik).
Singapore 1 S-band, 1 C-band. (Gematronik).
Philippines 15 in total. 4 S-band JRC, 4 S-band EEC, 2 C-band EEC & 5 ongoing (4
Vaisala C-Band, 1 EEC S-Band).
Thailand 16 C-band in total, EEC (12), Gematronik (4).
BMA (Bangkok Metropolitan Administration) 1C-band, EEC (solid state).
Viet Nam X & S=1, C=7, 4 EEC, 3 Thompson, 1 Russia (X & S).

Note: Due to the communication issues, this report does not provide all RA II countries’
accurate numbers of their radars.
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Submitted by CMA
1. Now:
1) China mainland Weather Radar network
a) There are 295 weather radar deployed in China mainland, including the CMA and civil
aviation department, the 1km AGL coverage is 22%.
b) Multiple types of radar operated in China: fixed, S-band, C-band, X-band, Mobil, C-band
and X-band phased array weather radar.
c) 101 weather radars are planned to upgrade to dual-pol by 2020.
d) China has initiated special project to enhance the existing radar network performance,
like i) changing the observation models from volume scan to stream transferring; ii)
application on X-ban phased array, Radar Wind Profiler, Ka & W cloud, aerosol radars; iii)
focus on QC and combination with satellite data (radar mosaic V2.0)

2) Application and capacity
a) now casting/ short-term forecasting accuracy and timeliness are improved: data have
been assimilated into NMP and 0-6 h precipitation prediction accuracy has been
improved 10%
SWAN2.0: multi-data can be integrated including weather radars base data and PUP.
b)
The platform mainly focus on storm structure data, and is capable of output more than 10
types of products, e.g. 3-D base-reflectivity, composite ref., QPE, precipitation forecasting,
storm identify, etc.
c)
ROSE(Radar Operational Software Engineering) ： replace PUP and can provide
additional 39 products
d)
public warning capacity are greatly improved: For example, the warning time of
heavy rain reaches 110000, and reaches 12000 for storm wind during the year 2010 to
2015
e)
Public service: Weather radar network and its products serve well in typhoon
prediction, weather modifications, Beijing Olympic Games, Shanghai EXPO, Nanjing Youth
Olympic games, Shenzhou spacecraft launch and recovery...
2.
Future Requirement: according to National Weather Radar network SP & IP
(2016-2025) :
Improve the accuracy of quantitatively precipitation estimation reaching 80%;
Enhance the radar data sharing , application and public service
Promote the application in numerical forecast models, improve the precipitation forecast
ability;
4) Enhance the maintenance and logistics of radar operation: i) establishment of logistics
platform both in national and provincial level; ii) foundation of national radar software
simulation and emulation system; iii) establishment of informationization platform.
5) Strengthen the technical training including mechanical operation, data/product quality
control and data application; put emphasis on practical training conditions.
6) Promote the weather radar application in following areas: development of data quality
control system of weather radar; improvement of data sharing platform of meteorological
radar; upgrade of operation radar software system; development of radar network
products; emphasis on warning/alert service; data fusion and application in numerical
weather prediction model.
7) Logistics
Public warning capacity should be improved:
1)
2)
3)

3.
1)
2)
3)
4)

Issues:
Transmission time-delay issues, data loss during the new data-relay.
radar data quality control need to be improved
insufficient data application in numerical weather prediction model
short term warning based on radar observation need to be strengthened
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5) RF protection issues, e.g. Hainan weather radar
6) Dual-pole calibrations

4.

Discussion topics:

1)
RF protection is needed through WMO and ITU, more specific guidance to regular
the Emerging new “black” applications.
2)
Data exchange guidance and regular materials regionally and internationally
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Submitted by JMA
28 Feb 2017
Priorities and requirements for installing dual-pol weather radars in Japan
The Japan Meteorological Agency (JMA) addresses securement of accuracy of dual polarized
(dual-pol) weather radar data and suppression of interference between weather radar and
Radio LAN (RLAN) in order to realize high quality weather radar observation sustainably.
(1) Confirmation of antenna performance and adjustment of transmit differential
phase
Dual-pol weather radars are able to improve quality of radar observation data including
Doppler velocity, quantitative precipitation estimation (QPE) and realize hydrometeor
classification. JMA promotes dual-polarization of weather radar starting by three TDWR radars
in 2016. In order to provide advanced dual-pol products, appropriate qualities of the basic
dual-pol variables are required. In particular, Kdp (derived from φdp) and ρhv are important
variables for QPE and hydrometeor classification, respectively.
To obtain appropriate quality of Kdp and ρhv, the simultaneous transmit and receive (STAR)mode is widely used for operational dual-pol weather radars. JMA also adopted this mode to
the three dual-pol weather radars. However, STAR-mode has a disadvantage that cross
coupling of H and V waves can cause serious biases on dual-pol variables (see Hubbert et al,
2010). To mitigate this cross coupling, high cross-polar isolation and adjustment to zero of
transmit differential phase are needed.
Then, JMA confirmed cross-polar isolation and adjusted transmit differential phase using a
horn antenna set in the far field of dual-pol radar, before radar operation was started. Crosspolar isolation is confirmed using co-polar and cross-polar 2D-antenna patterns obtained by
the azimuthally and elevationally scanning radar antenna receiving radio wave emitted by horn
antenna, according to the method proposed by Frech et al. (2013). The adjustment of transmit
differential phase is performed according to the method proposed by the National Institute of
Communication Technologies (NICT) of Japan. Phase of transmitting H and V waves of dual-pol
weather radar was adjusted so as to horn antenna’s receiving signal power become maximum
and minimum values at +45° and -45° polarization plane, respectively.
Since the dual-pol variables are derived from the difference between H and V signals which
are affected by precipitation or non-precipitation targets, adjustment to zero of transmit
differential phase as well as confirmation of cross-polar isolation will be very important before
starting the operation of dual-pol weather radars. However, such adjustment and confirmation
are not carried out in some cases, although dual-pol weather radars using STAR-mode are
used worldwide today. Therefore, sharing the knowledges and techniques related to dual-pol
weather radar with Members are needed to be done by IPET-OWR through ToR(1).
(2) The adoption of solid-state transmitters for effective radio frequency usage
JMA promotes to introduce weather radars with solid-state transmitters. The adoption of
solid-state transmitters is expected to be one of the counterplan for the serious threat from
interference caused by telecommunication devices (e.g., RLAN) to weather radars worldwide
(Saltikoff et al. 2015). Japan’s radio regulatory authority, the Ministry of Internal Affairs and
Communications, is taking measures to separate frequency bands allocated to weather radar
and RLAN services.
The resulting radio frequency reallocation plan for weather radars in Japan is based on nine
channels with increments of 5 MHz within narrow band-width areas in W54 (5.35 – 5.45GHz),
which is not opened to RLAN, as opposed to the conventional allocation plan based on channels
with increments of 10 MHz.
In relation to the radio frequency reallocation, solid-state transmitter can realize such
channel plan because they support:
- Achievement of balance between peak power reduction and high data quality;
- Mitigation of unexpected emissions against adjacent channels; and
- Simple frequency changes.
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Actually, the two TDWRs equipped with solid-state transmitters of Haneda and Narita
airports do not interfere with each other, even though the distance and frequency difference
are only 60 km and 5 MHz, respectively.
However, frequency sharing in W54 will be discussed at the next World Radiocommunication
Conference (WRC-19). Toward WRC-19 we need to demand that RLAN not to interfere in
existing and expected future weather radar systems such as phased array radar through
ToR(4).
References
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28 Feb 2017
Capacity building in radar techniques in the Southeast Asia
Background
The Southeast Asia is one of the areas in the world which seriously suffer from weather and
water related disasters and therefore severe weather monitoring is one of the major challenges
for effective disaster risk reduction (DRR) activities in the region. The area includes huge river
basins with large international rivers such as Chao Phraya, Mekong and Ayeyarwady. The
precipitation monitoring in an effective way with international cooperation has been a big
dream of not only meteorological services but also hydrological services in the region. Toward
this ambitious goal, the ESCAP/WMO Typhoon Committee at its 43rd session (Jeju, Republic of
Korea, Jan 2011) endorsed a project, Development of Regional Radar Network, aiming at
future establishment of radar composite map in Thailand as its first step. In parallel, the WMO
Regional Association II (Asia) at its 15th session (Doha, Qatar, Dec 2012) adopted the Regional
WIGOS Implementation Plan including the project, III-2 Observing systems integration for
supporting disaster risk reduction - Capacity Building in Radar Techniques in the Southeast
Asia. Also in 2011, a regional capacity building project on the maintenance and rainfall
estimation and forecast by using weather radar was initiated by the ASEAN Sub-Committee on
Meteorology and Geophysics (SCMG).
1. Capacity building through regional workshop
The Regional Training Workshop on Weather Radar Basis and Routine Maintenance and RealTime Radar Rainfall Estimation and Forecasting (Bangkok, Thailand, 4 Feb to 7 Mar 2014) was
held with 20 participants from 7 ASEAN countries; Indonesia, Lao PDR, Malaysia, Philippines,
Singapore, Thailand and Viet Nam. At the workshop, the lectures were given by experts from
the Japan Meteorological Agency (JMA), a radar manufacture and a University in Japan. It
covered various topics related to weather radars, in particular, basics, function, structure and
maintenance as well as its applications such as Quantitative Precipitation Estimation (QPE) and
Quantitative Precipitation Forecasting (QPF).
Through the workshop, the participants
recognized the benefits of developing a radar composite map covering the ASEAN region which
is expected to practically contribute to the improvement of DRR activities in own countries.
The workshop was concluded with great success encouraging the participants to further
promote the relevant activities.
2. Capacity building through technical meetings
2.1 Cooperation between the Thai Meteorological Department (TMD) and JMA
TMD and JMA collaboratively held technical meetings on weather radars in 2011, 2012,
2013, 2014, 2015 and 2016 in accordance with the ESCAP/WMO Typhoon Committee Annual
Operating Plan. The series of meetings with intensive discussion by technical experts of both
sides produced concrete achievements for the improvement of radar data quality (e.g. noise
reduction, calibration with rain-gauges and quality control) allowing producing radar composite
and QPE in Thailand.
2.2 Cooperation between the Malaysian Meteorological Department (MMD) and JMA
MMD and JMA started technical cooperation on weather radars, and collaboratively held
training workshops on radar quality and QPE in 2015 and 2016. The cooperative activities
enabled MMD to convert radar data format from IRIS to GRIB2 and create the elevation angle
composite table. It is expected that MMD will develop QPE covering Malaysia in the near
future.
2.3 Cooperation between the Indonesian Agency for Meteorology, Climatology and Geophysics
(BMKG) and JMA
BMKG and JMA started discussion on remote sensing technology, including weather radars in
2015. Mainly through email communications, bilateral technical discussion is ongoing to
realize weather radar data exchange between BMKG and JMA.
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3. Experimental exchange of radar data for composite map
In November 2016, as the result of bilateral cooperative activities above, JMA in cooperation
with TMD and MMD successfully started the international radar data exchange in GRIB2 format
to create transboundary composite map in a near real-time basis. This experimental data
exchange was started as an achievement of the ESCAP/WMO Typhoon Committee activities.
4. Jakarta Declaration and the Joint RA II/RA V WIGOS project
The Joint RA II/RA V Workshop on WIGOS for Disaster Risk Reduction (Jakarta, Indonesia,
Oct 2015) was held aiming at enhancing the exchange of meteorological observation data
across the Southeast Asia and to improve the availability and quality of those observations
including weather radars. The major outcome of the Workshop was the "Jakarta Declaration",
which proposed to develop two projects (weather radar and meteorological satellite) involving
Members in both RA II and RA V under the WIGOS umbrella. The weather radar project aims
at (i) improvement of data quality of existing radars, (ii) development and expansion of
national radar networks, (iii) near real time international exchange of radar data, and (iv)
development of «sub-regional» radar data centre(s).
The RA II at its 16th session (Abu Dhabi, UAE, Feb 2017) adopted the Regional WIGOS
Implementation Plan 2017-2020.
In accordance with the Jakarta Declaration, the
implementation plan contains the project on Capacity Building in Radar Techniques in the
Southeast Asia, with the planned activities such as capacity building on QA/QC techniques of
weather radars, establishment of domestic radar network, experimental data exchange for
international radar composite, all aims for the goal of promoting DRR activities in respective
countries. Since the project is open to all NMHSs in the Southeast Asia, another key to the
success is how to increase the cooperating NMHSs to further expand the quality controlled
radar data coverage in the region.
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1.

Now:
Summarized
by CMA
1) HKO Weather Radar Systems
HKO Weather Radar Systems is comprised of 5 weather radar systems, with 1dual-pol
X-band radar, 2 S-band radars and 2 C-band radars.
2) Applications
HKO Weather Radar Systems play important role in Detection and Monitoring of Severe
Weather, automatic Alerts for Windshear and Microburst. There are several radar
products like Dual-polarization Radar Products of Hydrometeor Classification,
Nowcasting products, Integration products of Radar Data and Lightning Location and
also the radar products for the public.
3) Collaborations
Joint research projects with local and overseas institutes, sharing of radar data and
technological exchange activities with neighboring NMS

2.

Future Requirement:
Adaptation of new radar technologies such as phased array radar

3.
1)
2)
3)
4.

Problems:
Competition in use of radio frequencies by various sectors
Interference by unknown radio sources occasionally
Too few suppliers for Terminal Doppler Weather Radar (TDWR) system
Discussion topics:
None
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1. Now:
1) Republic of Korea weather radar network
a) There are 31 weather radars belonging to major tri-agencies and some institutes:
Korea Meteorological Administration (KMA), Ministry of Land, Infrastructure, and
Transportation (MOLIT), Korea Air Force (KAF), and several national research
institutes.
b) Various types of weather radar are operated in Republic of Korea: single-pol. (SP) and
dual-pol. (DP), three frequencies (S-band, C-band, and X-band), fixed and mobile
weather radar.
c) KMA’s 11 weather radars are planned to replace into dual-polarization radar by 2020.
The replacement by dual-polarization radar has been done at 6 sites. Currently, KMA
operates heterogeneous weather radar network composed of single polarization and
dual-polarization radar.
d) Major tri-agencies made an agreement for cooperation of national resources of
weather radar. According to the agreement, Weather Radar Center (WRC) of KMA is
mainly responsible for detection and monitoring of severe weather and all of R&D for
radar data application. MOLIT and KAF are in charge of the optimization of radar scan
strategies and maintenance procedure, respectively.
e) New three X-band dual-polarization radar with solid-state power amplifier will be
installed by the end of this year.
2) Application and capacity
a) New quality control procedure was developed based on fuzzy logic approach and
statistical analysis of radar data: Its performance was significantly improved
comparing to the existing QC algorithm.
b) The system biases of radar reflectivity and differential reflectivity are routinely
produced and monitored by various techniques such as self-consistency principle,
vertical pointing measurement, comparing to disdrometer measurement, and so on.
Routine monitoring of the biases can be used as a diagnostic tool of radar system. The
biases can be also used in radar rainfall estimation based on polarimetric observation.
c) The quality index, quantized value (0~1) for quality of radar observation, is produced
for both single-polarization and dual-polarization observation. The quality index can be
utilized for radar rainfall estimation, nationwide composite of individual radar
products, assimilation of radar data into NWP model, and so on.
d) HSR 1.0: Radar rainfall estimation at hybrid surface consisting of the lowest height
radar bins that is not contaminated by ground clutter, partial beam blockage, and nonmeteorological echoes.
e) RAR2.0: Radar rainfall estimation can be adjusted by probability matching method
using rain gauge rainfall. RAR is utilized for flash flood warning, input data at
nowcasting system, ground validation of satellite rainfall estimation, and so on.
f) Various radar products including hydrometeor classification, 3D storm structure,
multiple-Doppler wind synthesis, radar-based snowfall estimation is routinely
produced.
g) Three types of nowcasting system provide short-term forecasting for 0~6h
precipitation prediction: 1) echo tracking system based on pixel by pixel, 2) celltracking system, 3) nowcasting system blelded with NWP output.
h) Public service: Rainfall estimation and short-term forecasting based on both
nationwide weather radar network and single radars, Pyeongchang Winter Olympic
Games.
2.
1)
2)
3)

Future Requirement
Improve the accuracy of nationwide QPE reaching 84% by 2020.
Gap filling at low level over urban area and recover the beam shielding area at
mountainous regions over S- and C-band radar network using X-band radar network
Provide the radar network products including hydrometeor classification, dual-polarization
radar QPE and QPF, 3D storm identification, and multi-sensor fusion products(e.g.
lightning, satellite rainfall, and so on)
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4)
5)
6)
7)

8)

3.
1)
2)
3)
4)
5)

Reduce the uncertainties of radar network products from inhomogeneous radar network
consisting of S-, C-, and X-band radars.
Developed the absolute calibration algorithm for the system biases of all polarization
observations using nationwide radar network.
Developed the standard radar data format (level I, II, III) and common software library for
all radar products.
Promote the weather radar application in following areas: development of advanced quality
control system of weather radar data; the radar data application in NWP models, specially
focused on the precipitation prediction ability for short term range forecasting; enhance
the warning service of severe storm.
Strengthen the training program including mechanical maintenance, signal processing,
data quality control, and radar data application.
Issues:
The quality control of Polari metric observations is primary issue and it needs to be
improved
Different level of radar data quality among the countries.
Insufficient application of radar products for NWP model
Radar-based short term forecasting need to be strengthened
Calibration of single- and dual-polarization radar

4.

Discussion topics:
1)

Guidance or regular material on international exchange of radar data
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ANNEX IV – SUMMARY RESULT OF SURVEY ON OPERATIONAL
WEATHER RADAR STATUS, 2017

The most significant issues associated with OWR are:
1. Obtaining finance to buy and install (2.07 rating)
2. Obtaining finance to maintain (1.85)
3. Lack of experienced or trained technical staff to operate and/or maintain (1.53)
4. Lack of experience or training of radar users (1.37)
5. Lack of data processing applications and tools (1.29)
6. Inadequate radar coverage (1.25)
The most common uses of weather radar data are:
1. Weather system monitoring (2.64)
2. Severe weather monitoring (2.56)
3. Weather system evolution and prediction (2.37)
4. Severe weather prediction (2.36)
5. Precipitation estimation for hydrology applications (1.30)
The highest rated issues and aspects of OWR that WMO can assist with are:
1. Provision of software or applications to support radar data quality monitoring (2.20)
2. Guidance on weather radar data quality (2.15)
3. Provision of software or tools to support radar calibration (2.14)
4. Guidance on weather radar data exchange formats and mechanisms (2.12)
5. Provision of training on radar maintenance (2.04)
6. Guidance on: 1) weather radar calibration, 2) weather radar data use (2.03)
7. Provision of training on radar data processing (2.03)
8. Provision of training on radar data use and application (2.00)
Common or additional themes for assistance and activities that WMO might undertake:
1. Coordinate regional or technology-common meetings or workshops;
2. Guidance on socio-economic benefits of operation of WR to support business case and
funding attainment;
3. Assistance for obtaining funding in support of OWR;
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4. Forums are required to support information and best-practice sharing (e.g. workshops,
seminars);
5. Training, technical support and capacity development are important;
6. Promotion and collaboration on data exchange and sharing;
7. Standardisation of and guidance on practices, procedures.

__________
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ANNEX V - REGULATORY AND GUIDANCE MATERIALS RELATING TO OPERATIONAL WEATHER RADARS
Following is a (non-exhaustive) list of WMO regulatory and guidance materials relating to weather radars that are either published already,
awaiting publication or under development.
New or Under Development
Manual/Guide/Report
WIGOS Requirements, Design,
Implementation and
Operations of a Radar Network

Section, Name

Dual polarization weather
radar
Operation of weather radars in
mountainous regions
Evolution of weather radar
technologies: New
developments, resource
requirements, spectrum
allocation constraints
Intercomparisons of weather
radar algorithms and products
(Radar Quality Control and
Quantitive Precipitation
Intercomparison
Integration of observations
from different rainfall
observation systems
Operation of Weather Radar
Systems (Japan)
Impact of Wind Turbines on
Weather Radars
WMO No. 544, Manual on the
GOS
Weather radar capabilities for
OSCAR

Part III, Section 2.7,
Weather Radar Stations

Category
Guidance

WIGOS

Relevant To

Status/Comment
Paul Joe developed under contract with WMO
IPET-OWR-1, Doc. 5.2(5)
Likely to be published as a WIGOS Technical Report
Later integrated into the Guide to WIGOS
C. Horvat
ET-ORST, Task 3
IPET-OWR-1, Doc. 5.2(6)
W. Kong
ET-ORST, Task 5
IPET-OWR-1, Doc. 5.2(7)
P. Chong
ET-ORST, Task 7
IPET-OWR-1, Doc. 5.2(8)

Guidance

CIMO guidance

Guidance

CIMO guidance

Guidance

CIMO guidance

Guidance

CIMO guidance

D. Michelson, T. Kane
Derived from expected guidance from RQQI and ET-ORST, Task 9
IPET-OWR-1, Doc. 5.2(9)

Guidance

WIGOS guidance

Guidance

WIGOS guidance

Guidance

CIMO guidance

Regulations

GOS and WIGOS regulations

Guidance

WIGOS guidance

B. Urban
ET-ORST, Task 10
IPET-OWR-1, Doc. 5.2(10)
N. Tsukamoto
ET-ORST, Task 15
IPET-OWR-1, Doc. 5.2(11)
C. Horvat
ET-ORST, Task 16
IPET-OWR-1, Doc. 5.2(12)
From CBS-16/Doc 3.2(1)
Approved by CBS
Will be published subject to approval by EC (2017)
D. Michelson, M. Boscacci, L. Clementi, G. Haase, and A. Seed
Submitted March 2015
Provides a methodology for determining OSCAR weather radar
network performance capabilities from observing system metadata
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Published
Manual/Guide/Report
WMO NO. 8, Guide to
Instruments and Methods of
Observations (2014)
WMO No. 544, Manual on the
GOS

WMO No. 544, Manual on the
GOS
WMO No. 488, Guide to the
GOS
CIMO IOM-118

CIMO IOM-88
CIMO IOM-79

CIMO IOM-69

Section, Name
Part II, Chapter 7, Radar
measurements

Category
Guidance

Relevant To
WIGOS and GOS operational
best practice.

Status/Comment
http://www.wmo.int/pages/prog/www/IMOP/CIMO-Guide.html
2014 Edition of CIMO Guide has been approved for publication.

Part III, Surface-Based SubSystem, Section 2.12.2,
Special Stations, Weather
Radar Stations
Part III, Section 2.7,
Weather Radar Stations

Regulations

GOS regulations

Regulations

GOS and WIGOS regulations

Part III, Section 3.9.2.1,
Types of Special Stations,
Weather Radar Stations
Evaluation of CIMO Weather
Radars Survey and Web
based Weather Radar
Database
Training Material on Weather
Radar Systems
Operational Aspects of Wind
Profiler Radars

Guidance

GOS guidance

Technical
Report

GOS OWR

En: http://library.wmo.int/pmb_ged/wmo_544-v1-2015_en.pdf
Published in 2010 Edition (updated 2013))
Radar material to be superseded by updated material below subject
to approval of EC (2017).
From CBS-16/Doc 3.2(1)
Approved by CBS
Will be published subject to approval by EC (2017)
En:
http://library.wmo.int/opac/index.php?lvl=notice_display&id=12516
Published Edition 2010 (Updated 2013)
O. Sireci (Turkey), 2015
Lead to the development of the WMO Radar Database (WRD)

Technical
Report
Technical
Report

GOS OWR

E. Büyükbas, L. Yalçin, Z. Dag, S. Karatas (all Turkey), 2006

GOS OWR

J. Dibbern, D.Engelbarg, U.Goersdorf, V.Lehmann, H.Steinhagen
(Germany); N.Latham, J.Nash, T.Oakley (UK); H.Richner
(Switzerland), 2003
T. Mammen (Germany), 1998

Weather Radars used by
Members

CIMO IOM-52
Results of the Working Group
on Weather Radars
Part I: Severe Weather
Recognition
Part II: Utilization of Doppler
Radars for Monitoring
Tropical Cyclones as one
Element of the Global
Monitoring System
CIMO IOM-37

CIMO IOM-8

Information on Weather
Radars used by WMO
Members
Report on Meteorological
Radars

Technical
Report
Technical
Report

GOS OWR
GOS OWR

Part I: G.G. Shchukin (Russian Fed.), and Part II: Hisao Ohno
(Japan), 1993

Technical
Report

GOS OWR

M. Gilet (France), 1989

Technical
Report

GOS OWR

G.A. Clift, 1981

__________

ANNEX VI – REVISED WORK PLAN OF THE IPET-OWR
Work plan of the Inter-Programme Expert Team on Operational Weather Radars (2016-2019)
updated based on outcomes of IPET-OWR First Session
(ET-OWR deals with all aspects of operational weather radar within WIGOS)
(Version: 1.5, 12 April 2017)

No.

1.

Task description

IPET
management

Person
responsible

Michelson
Secretariat

Addresses ToRs
8, 9

2.

Survey of
Members
requirements

Michelson
Secretariat

Addresses ToR 8

3.

Regulatory
Material, advice
and guidance to
WMO’s Members
Addresses ToR
1a-b, 2, 3

1.Michelso
n,
Tanaka,
Kane
(Editorial
Board EB),
other
contribut
ors.
2.EB

Action

1. Organize the activities of the IPET
into a Work Plan
2. Review and revise the Work Plan
as necessary.
3. Report on issues, activities and
progress to CIMO and CBS
4. Meeting of IPET-OWR in Q1 2018
to consolidate deliverables ahead
of CIMO session.

1. Survey the Members aimed to
obtain requirements for WMO
assistance, guidance, etc. on
OWR, and the status of the
Members’ operational radars
2. Analyse survey replies
3. Review at IPET-OWR-1 and adjust
work plan accordingly
4. Analyse survey results further and
produce report.
1. Maintain, review and update
existing RM for WIGOS and
ensure consistency of the
documents
2. Develop (WIGOS) Weather Radar
Best Practice Guide (BPG) based
on a review of existing materials,
assessment of requirements (e.g.
survey, Task 2) and materials
from Actions below and other
Tasks.

Deadline for
delivery

Deliverable

1. Work Plan
2. Work Plan Review and
Revision
3. Reports to CIMO-MG,
CBS-MG and ICT-IOS
4. IPET-OWR-2;
consolidated reporting
and deliverables to
CIMO;

1.
2.
3.
4.

Survey
Survey report
Updated work plan
IOM report of survey

Status
[%]

1. Jan 2017
2. Draft plan:
Feb 2017;
3. Upon
request; to
CIMO
annually;
Chair to
attend ICTIOS-10 (Q1,
2018)
4. Q1 2018

1.
2.
3.
4.

Comments

To be approved by the
IPET members and CIMO
MG.
Regular Teleconference
sessions dedicated to Task
collaboration. (e.g.
Monthly)
Update status six-monthly.
Annual update to CIMOMG around October. Full
report prior to CIMO
Session.
Survey was completed
and results provided to
IPET-OWR-1.

Jan 2017
Mar 2017
Mar 2017
Mar 2018
50

1. Draft updates to WMO
No. 8, 488, 544 and/or
1160
2. Guidance material:
a. Compiled user
requirements
b. BPG template
c. BPG Content Outline
3. Draft guidance including
integrated deliverables
from all tasks. High-level

1. Dec 2017
(No. 8:
CIMO
Guide)
2.
a. May 2017
b. May 2017
c. May 2017
d. Jun 2017
3. Initial draft:
Dec 2017

1.
2.
3.
4.
5.
6.
7.

0
0
90
0
70
0
5

Carried over from ET-SBO
(for WMO-No. 544 and
1160, approved by CBS16), draft RM (Action 1)
may be considered
completed, but there may
be follow-up requests.
Hence, the bulk of this
task addresses guidance
(Action 2).
Division of Action 2 work

No.

Task description

Person
responsible

3.Joe, P.
Chong,
Tanaka
4.Horvat,
Buyukbas
, P.
Chong
5.Kong,
Buyukbas
, L. Bai,
Boascacci
, Jung
6.Horvat,
Tsukamot
o
7.Tsukam
oto,
Michelson
,
Mammen
, Kane, P.
Chong
8.Horvat,
Saltikoff,
Mammen

Action

3. Draft, review and publish highlevel document on weather radar
network design and applications.
Possibly first publish as WIGOS TR
and then integrate into BPG.
4. Develop guidance on Dual
Polarization Radar:
a. Review CIMO Guide wrt
DP
b. Compile draft material for
BPG.
5. Develop guidance on operation of
weather radars in mountainous
regions
6. Operation of Weather Radar
Systems:
a. JMA is working on
translation of their OWR
manual as a contribution
to the BPG. Chap. 5 (on
applications) has been
completed and published
by JMA as a booklet.
b. Develop plan for drafting
and integration of national
contributions into general
guidance.
7. Guidance on interference issues
taking into account input from
Task 9

Deadline for
delivery

Deliverable

4.
5.

6.
7.

document on weather
radar, network design
and applications
Guidance on DP radar
operation
Guidance on WR
operation in
mountainous regions
Guidance on OWR as a
contribution to BPG.
Improved policy and
guidance on WR
interference issues.

4.
5.
6.
7.

Dec
Dec
Dec
Dec

2017
2017
2018
2017

Status
[%]

Comments

to be done at the kickoff,
Mar 2017.
Deadlines indicate first
versions. Deadlines for
subsequent document
versions will emerge from
the work plan review.
Benefitting from the
progress achieved by ETORST, and based on
outputs from No. 6 below,
develop and propose
guidance material
addressing the issues
stated in ToR 1a,
considering requirements
of data users. Initially,
proposed main areas of
work, assuming the
deployment of operational
polarimetric radar
technology, are:
1. Compiling and
assessing user
requirements, drawing
on existing surveys as
much as possible,
including climate
(GCOS)
2. While convenient to
assume a wellcalibrated radar,
recommending
methods for
monitoring calibration
status and stability
should be addressed.
3. Recommendations on
Quality Control (QC)
practices, focussing on
target/problem
classification and

No.

4.

Task description

Weather radar
data exchange
Addresses ToR
1a-b, 2

Person
responsible

Curtis
Michelson
Dixon
Umehara
Rezende
Mammen
Chong

Action

1. Conclude work started in TTWRDE on the creation of proposed
standard weather-radar data
representation
2. Propose weather-radar data
exchange methods
3. Develop associated guidance
material and provide for
integration under Task No. 3.
4. Engage with Task 5 re exchanged
metadata.
5. Engage with CBS OPAG-ISS for
validation, approval and
maintenance of format

Deadline for
delivery

Deliverable

1. Data representation:
a. Information model
b. Data model
c. File format
representation
2. Report on data exchange
protocol(s) and
mechanism(s)
3. Guidance material on
use of exchange format.
4. Exchanged metadata
integrated into WR
metadata model
5. Format validation

1.

2.
3.
4.
5.
6.
7.

a. Jan 2017
b. May 2017
c. Jun 2017
Dec 2017
Jun 2018
Sep 2017
Dec 2018
Jun 2018
Jun 2018

Status
[%]

1.
2.
3.
4.
5.
6.
7.

75
0
0
0
0
0
0

Comments

correction
4. Recommendations on
Quantitative
Precipitation
Estimation (QPE),
focussing on
polarimetric retrievals,
VPR-based methods,
and statistical
adjustment methods
based on surface
observations.
5. Recommendations on
weather-radar
compositing that
exploit the
improvements from QC
and QPE.
6. Quality Assurance
(QA). For each step in
QC, QPE, and
compositing,
recommend methods
by which the
performance of the
algorithms applied,
and accuracy of the
results, may be
monitored.
Current status as of CBS16: data representation
well organized by TTWRDE, with work in
advanced stage of
preparation.
Data exchange remains
TBD.

No.

5.

Task description

Metadata
management,
WMO radar
database (WRD)
and Contribution
to OSCAR

Person
responsible

Buyukbas
Curtis
Saltikoff

Addresses ToR 7

6.

Best practices for
weather-radar
quality control
and quantitative
precipitation
estimation for
user applications
Addresses ToR
1a

Kane (1.b,
2)
L. Bai (1.a,
1.d, 2)
Horvat
(1.a)
Mammen
(1.a)
Tsukamoto
(1.a, 1.b,
1.c)
Dixon (1.b)
Kim J-H
(1.b, 1.d,
2, 4)
Pei (1.b)
Michelson
(1.c, 1.d,
2)
Becker E
(1.c)

Action

6. Assess and initiate necessary
actions on issue of data policy and
licensing.
7. Investigate and report on
processes for ensuring availability
and compliance of software used
for exchange.
1. Liaise with TSMS, and provide
advice on structure/organization
of WRDB, supporting the Members
and WIGOS. Liaise with OPERA
regarding metadata compatibility.
2. Facilitate Members contacts with
the WRD to help the WRD stay
up-to-date.
3. Develop the radar metadata
model based on the WMDS and
document within the WIGOS
guide.
4. Guidance on use of OSCAR
Surface and maintenance of
metadata in WRD.
1. Develop BP guidance on QC
practices and processes for WR:
a. Calibration
b. Signal processing
c. Data processing
d. Applications requirements
2. Identify and document methods
and metrics for intercomparisons
of WR data processing and QC
systems:
a. Identify the success
metrics for
intercomparisons
b. Identify the mechanisms
by which an
intercomparison might be
conducted
3. Assess outcome of DWD workshop
on radar DP calibration (Oct 2017)
and coordinate a follow-up
workshop on general WR

Deadline for
delivery

Deliverable

Status
[%]

Comments

process activated.
6. Report on data policy
issues to TCs.
7. Report on exchanged
software processes.

1. Recommendations on
potential WRD
enhancements
2. Report and update WRD
if required
3. WR metadata model and
guidance
4. Guidance on OSCAR
Surface and WRD

1.
2.
3.
4.

1. Guidance material for
integration into the BP
Guide.

1.
2.
3.
4.

2. Documented metrics and
methodology for WR
intercomparison.
3. Documentation of
outcome from DWD
workshop; WMO
calibration workshop in
2018; Guidance on
calibration integrated
into Activity 1.a.
4. Real-time weather-radar
data exchange using
proposed WMO
standards.
5. Intercomparison activity

May 2017
On request
Sep 2017
Dec 2017

1.
2.
3.
4.

0
0
0
0

WRDB is updated by
TSMS. IPET liaises with
TSMS.
This is a placeholder,
without specific foreseen
recommendations or
WRDB updates.
Task 2 requires liaison
with OSCAR dev. team.

Dec 2017
Jun 2018
Dec 2018
Data: FebMar 2018
5. Intercompar
ison: Dec
2018

1.
2.
3.
4.
5.

0
0
0
0
0

This is the spirit of RQQI.
Assumes linkage with ICEPOP (PyeongChang 2018
winter Olympic Games) for
site(s), instrumentation
and data.

No.

Task description

Person
responsible

Curtis (1.c,
1.d, 2)
Jung (1.c,
4)
J. Kim (4)
Kong (1.c,
1.d, 2)
Saltikoff
(1.c)

7.

International and
regional
collaboration ISO
Addresses ToR 6

8.

International and
regional
collaboration

Gabella
Joe
(Li Bai,
Pavlyukov,
Tsukamoto
)
Michelson
Tanaka

Addresses ToR 6

9.

Policy
Addresses ToRs

Horvat
Saltikoff
Mammen

Action

calibration in 2018.
4. Collaborate with/ (participate in)
an intercomparison in which
weather-radar calibration, QC and
QPE practices, with a priority on
those identified under No. 3
above, are trialed and
benchmarked according to
agreed-upon performance
metrics.
5. Prototype weather-radar data
exchange using outputs from No.
4 above on data representation
and data-exchange mechanisms
and protocols.
1. Participate in the formulation of a
joint ISO-WMO weather-radar
standard
2. Liaise with/consult IPET members
on the review of the committee
draft (and other drafts, as
appropriate)
1. Present relevant outcomes of IPET
at international radar conferences,
if appropriate.
2. Synthesize outcomes of
international radar conferences
for the benefit of the team
members and WMO.
3. Organisation of WMO international
conferences on meteorological
radar systems in collaboration initially investigate and discuss
possible collaboration with ERAD
(2020)
4. Maintain a watch on international
and regional collaborations in
relation to weather radar data
exchange, including OPERA, RAIIV, BLACKRAD, SEERAD
1. Contribute input to SG-RFC,
strengthening the liaison with
international organizations (ITU,

Deliverable

Deadline for
delivery

Status
[%]

Comments

1. ISO-WMO weather-radar
standard
2. Inform IPET on progress
and seek IPET views on
ISO standard committee
draft (CD)

According to the
ISO process

At least two phases of the
joint work with ISO are
envisaged.

1. Presentations at
international conferences
2. Report/Document
summarizing outcomes
of international
conference
3. Offer made to
collaborate with ERAD
(2020)
4. Document activities and
issues and report to CBS
and CIMO as necessary

1. Oct 2017
(AMS-38)
2. Dec 2017
(AMS-38)
3. Jul 2018
4. Jul 2018

International conferences
of interest:
•
AMS 38th Conference
on Radar Meteorology
(2017, Chicago)
•
Report on ERAD 2018,
Utrecht, NL
•
AMS 29th Conference
on Radar Meteorology
(2019)
•
(ERAD 2020)

1. Provide input to SG-RFC
2. Case log of RFI events
3. Weather-radar and wind

1. Upon
request
2. IPET-OWR-2

No.

Task description

Person
responsible

4, 6, and 7

10.

Emerging
technologies
Addresses ToR 5

Horvat
E. Becker
Tsukamoto

Action

Deliverable

EUMETFREQ, others), with the
objective to protect frequency
bands that are used for
(operational) weather radar.
2. Monitor the use of frequency
bands used for (operational)
weather radar, gathering
information on cases of
interference.
3. Formulate, preferably together
with other organizations, a
sustainable policy for wind-turbine
proximity to weather radars:
a. Review existing materials
(CIMO Guide Chapter 7,
OPERA document)
b. Identify differences, gaps
and issues.
c. For BPG combine with
interference generally
(RF)
d. Update CIMO Guide Policy
(chap 7, Annex)
e. Investigate ways to
increase visibility of WMO
policy on wind turbine
issues for OWR. E.g. EC
Resolution.
Review and report on potential
operational developing and emerging
weather radar research and
technologies, including collaborative
and adaptive data collection methods.

turbine statement or
policy

1. First version to focus on “near
future” emerging technology
suitable for operations.
2. If necessary update CIMO guide.

1. Report(s) to IPET,
possibly IOM report
depending of extend of
material
2. Update of the CIMO
Guide if required

Deadline for
delivery

Status
[%]

Comments

or
conference
3. Dec 2017

1. Mar 2018
2. Dec 2017

1. 0
2. 0

E.g. solid state
transmitters, phased array
antennas, low cost X-band
radars.
Benefit from ET-ORST
results.
Stand-alone document to
be produced – possibly
IOM report.
Input can be derived from
AMS, 2017 information.
Consult with CIMO/ETNRST

No.

11.

Task description

Capacity
development and
training
Addresses ToR 1c

Person
responsible

Buyukbas
Joe
Michelson
Curtis
J-H Kim

Action

Deliverable

1. Coordination of/assistance with
international training courses, e.g.
TSMS (Turkey) and KMA (Rep. of
Korea);
a. Develop and maintain list
of expert speakers on
particular topics.
b. Develop a curriculum
outline and guidance for
WR courses.
2. Conduct an inventory of (open)
software for exchanging and
processing weather-radar data
3. Development of competencies on
weather radar (P. Joe)

1. Expert speaker list;
Curriculum outline and
guidance.
2. Report on (open)
software inventory
3. Examples of using
weather-radar data
processing software
including interactive
exercises
4. Advise on need for
weather radar
competencies

________________

Deadline for
delivery

1.
a. Nov 2017
b. Jun 2018
(Dec 2017)
2. ERAD 2018
3. TSMS KMA,
Apr 2017

Status
[%]

1. 0
2. 0
3. 0

Comments

1. Liaising with
EUMETCAL, TSMS, and
KMA
2. Software solutions
based on the Open
Radar Virtual Machine
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ANNEX VII – OUTPUT FROM WORK PLAN GROUP SESSIONS
IPET-OWR Group Session Discussion, Group A – Calibration, Quality Control and Data
Processing

Outcomes of group discussion
It was generally agreed that quality control of weather radar data, given the location of the
radar, begins with the calibration of the weather radar hardware. Stability of the absolute
radar calibration is critical to any analysis, and metadata relating to the calibration is highly
desirable, especially for climatological applications. The scope was presumed to include both
single- and dual-polarisation radars, with digital signal processors.
The first stage of data processing for quality control is at the signal processing level, where
digitised radar signals are processed into the observed quantities (e.g. reflectivity). At this
level, a number of algorithms are available for the suppression of various features, such as
ground clutter, interference, solar spikes and second-trip echoes. At this stage of processing,
the data would be available for intercomparison.
The next stage of data processing for quality control is the post-processing level. At this stage,
the processed data is examined to remove, or correct, remaining artefacts, such as reduced
signal due to beam blockage and/or attenuation, anomalous propagation effects, sea clutter,
smoke due to bush fires, wind farm clutter and velocity aliasing. There are a number of
different techniques available for addressing various artefacts, and dual-polarisation radars
provide addition parameters which allow for additional techniques to be used. Data at this
stage of processing is considered ready for use by applications; however the requirements for
the level of post-processing will vary depending on the application.
It was agreed that an investigation of calibration techniques, for both single- and dualpolarisation radars is required. Calibration methods should be obtained from members, and
collated in anticipation of presentation at the upcoming DWD Weather Radar Calibration
Monitoring Workshop. The different techniques should be documented for a Best Practices
Guide for Weather Radar.
Different algorithms and configurations used for signal processing should be documented.
Metadata relating to these algorithms and configurations should be stored. If possible, this
metadata should be made available within Weather Radar Data Exchange Formats, especially
as this metadata may be critical for climate applications in the future. An investigation into the
types of configuration and calibration metadata which are available in native formats of
Members’ weather radars should be conducted. An intercomparison of data produced by
various techniques should be conducted, to examine the success of different configurations in
supressing undesirable features, such as ground clutter. Both the descriptions of the types of
algorithms available and the results of any intercomparison should be documented for a Best
Practices Guide for Weather Radar.
Depending on the specific siting and type of radar, various artefacts may remain after the
signal processing. Various algorithms exist to remove or correct these artefacts. A nonexhaustive list of artefacts includes: partial or total beam blockage, anomalous propagation,
sea clutter, clutter from ships and aircraft, wind farms, aliased velocities, attenuation due to
wet radome or significant precipitation and other non-meteorological scatterers, such as birds,
insects and smoke from bushfires. The descriptions of these types of artefacts provided in the
current CIMO guide should be reviewed, and any additions or improvements proposed.
An intercomparison of post-processing techniques could be carried out by compiling datasets
containing specific artefacts (e.g. sea clutter) and post-processing the data with various
algorithms. The results of such comparison(s) could be published as an IOM report, and should
be documented for a Best Practices Guide for Weather Radar.
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A potential limitation to any attempt at evaluating the success of particular algorithms, either
signal-processing or post-processing, is the uncertainty in what is the desired output. The
specific application may have more or less stringent requirements regarding what is removed.
A review of the requirements of common applications should be conducted.

Proposed work plan for the sub-group
No.

Task Description

Person
responsible
LI
Horvat
Mammen
Tsukamoto
Kim J-H

1

Calibration techniques

2

Signal processing

Kane
Dixon
Kim J-H
Pei
Tsukamoto

3

Post processing

Michelson
Becker E
Curtis
Jung
Kong
Saltikoff
Tsukamoto

Action

Deliverable

1. Obtain from members
their techniques for
weather radar
calibration
2. Collate this
information into a
presentation for DWD
calibration workshop
3. Collate calibration
documentation and
results from ICE-POP
4. Document this
information for use in
Best Practices Guide
1. Determine common
algorithms/techniques
used at the signal
processing level.
2. Determine what
metadata is available
relating to the
algorithms, and
configurations, used in
signal processing.
3. Investigate which
metadata fields are
available in data
exchange format
4. Document the
different algorithms in
Best Practices Guide
5. Conduct and
document an
intercomparison
1. Determine common
artefacts that are
required to be
removed by post
processing
2. Determine algorithms
what are used to
remove or correct
specific artefacts
3. Document algorithms
for different artefacts
in Best Practices Guide
4. Identify datasets of
specific artefacts to be
used for
intercomparisons
5. Conduct and
document
intercomparison

1. Presentation at
DWD workshop
2. Material for
Best Practices
guide related
to calibration

1. Material for
Best Practices
Guide related
to signal
processing
algorithms
2. IOM report on
intercompariso
n results

1. Material for
Best Practices
Guide related
to post
processing
algorithms,
focussing on
specific
artefacts
2. IOM report on
intercompariso
n results
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4

Application requirements

Saltikoff
Tsukamoto
Becker A
Jung

1. Determine the
requirements of
different weather
radar applications,
possibly by reviewing
RRR documentation.

5

Intercomparison mechanisms

Kane
Li
Michelson
Kong
Curtis
Kim J-H

1. Identify the success
metrics for
intercomparisons
2. Identify the
mechanisms by which
an intercomparison
might be conducted:
a. Where data
will be hosted
or archived
b. The transport
mechanism
c. Who will
produce
required
software, and
where will it
be hosted
(run)?

1. Requirements
for metadata
relating to
data quality
2. Material for
Best Practices
Guide
3. Guidance for
applicationspecific
configuration
1. Documented
metrics
2. An
intercompariso
n system(s).

IPET-OWR Group Session Discussion, Group B – Weather Radar Data Exchange

Participants: Rezende, Buyukbas, Tanaka, Umehara, Pavlyukov, Pei, Mammen, Li, Jung, Michelson, Curtis,
Lockett
The group discussion commenced with an overview of the progress on WRDE made by TT-WRDE. The focus
of the task team was initially directed towards the issue of achieving a standardized representation for
weather radar data suitable for international exchange. Accordingly an information model was produced
and significant progress was made towards defining a suitable file format to implement it. This file format
was designed to merge two major exchange formats (ODIM_H5 and CfRadial) by combining the strengths
of each. In the period between TT-WRDE-1 and IPET-OWR-1 an early draft of a data model was produced
and this document was included in the overview of progress so far.
The TT-WRDE also identified the need to address exchange mechanisms in addition to data representation
however made no progress had yet been made in this area. It was suggested within the discussion group
that IPET-OWR continue to focus on data representation in the short term and progress to the issue of data
exchange mechanisms later.
The discussion of the group focused primarily on the subject of metadata. One issue of high importance
identified was the need for metadata descriptions to be unambiguous. Particularly reference was made to
calibration related metadata where ODIM_H5 was identified as having left too much room for
interpretation. One suggestion was for calibration metadata to be identified with reference to a
standardized radar block diagram. CfRadial was noted as having more rigour regarding the definition of
metadata which may also assist in this area. Feedback from IPET-OWR members and other early users of
the representation will be important to ensure that metadata is identified clearly and unambiguously.
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A concern was raised about the issue of conflicting user-defined metadata. Although it is possible for user
defined metadata from differing users to clash, this was not seen as a large problem. Simple naming
conventions could help to alleviate this risk. Also by nature most user defined metadata is not relevant for
international exchange and could be safely ignored. The information and data models have been designed
such that if a user defined metadata is identified as being common to many users and/or useful for
exchange then it may be adopted into the models without requiring changes to the file format.
Another area of discussion was the need to cater for users who are able to exploit differing levels of detail
in the metadata. Some users only need know that a particular artefact has been corrected for, while others
desire to know the algorithm used. Advanced users may even be able to exploit information such as the
exact algorithm version, constants and parameters used. Metadata should be specified so as to satisfy the
needs of users at these varying levels of detail.
The remaining time was spent addressing the specific questions posed by the IPET-OWR chair:

How do you envisage the scope of the group?
-

-

-

-

Representation of the radar data
o Information model
o Data model
o File format specification
o WMO usage guidance
Mechanism of radar data exchange
o Concepts and guidance on methods and architecture
o Not implementation of an actual exchange
Feedback to OSCAR/Surface, WIGOS metadata teams
o Identification of mandatory and standard metadata
o Mapping of metadata between systems
o Engage with CBS OPAG-ISS for validation and approval (including metadata standards
policy)
Initiate development of policy regarding data licensing / data policy
Advice and guidance in the form of the specification documents
o WMO and ISO regulatory / guidance material
Coordination of ensuring availability of compliant encoding / decoding / conformance checking
software for the representation

What work plan tasks do you think should be included?
Tasks are identified in scope above.

Are the IPET-OWR terms of reference adequate in relation to the scope of your
group? If not, what needs to be changed and/or added?
IPET-OWR terms of reference are adequate in relation to the scope of the group. No changes or additions
identified.

If the overarching goal is to provide advice and guidance to WMO’s members, are
the outcomes identified by your group consistent with the deliverables of Task 3 in
the work plan? Alternatively formulated: do these deliverables need to be modified?
None of the deliverables under task 3 specifically address weather radar data exchange. We propose to
add a deliverable to task 3 of guidance and/or regulatory material based on the output of task 4 (WRDE).

Please sketch out an implementation plan containing timelines.
indicate the need to alter timelines in the Work Plan?

Do the results
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Aim for CBS and WMO executive council 2018 for all deliverable documents to have reached approval
state.
To achieve CBS-EXT 2018 (November) WRDE subgroup needs to provide guidance related deliverables by
June 2018. Target this date for representation related deliverables, exchange mechanism related
deliverables may be later.
Need to follow up with Mike Dixon regarding realistic timelines for File Format representation. Daniel
meeting with Mike soon – can follow up.

Please identify people to contribute to your group’s activities/deliverables
Michelson, Dixon, Curtis, Umehara, Rezende, Mammen, Pei

__________

