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	Summary and purpose of document
This document provides information on the progress achieved by CIMO ET-ORST in the past two years. In addition, advances in new radar technology in China are presented. Moreover, some suggestions and recommendations for CIMO are put forward. In the end, the radar development plan for China in 2016-2025 is introduced briefly.


Action proposed

The Meeting is invited to note the report and to consider the recommendations of ET-ORST.
________________
Appendices:
I
Updated Workplan

II
Report from OPAG Chair on Developments in Surface-Based Remote Sensing Observing Technologies at CMA
REPORT ON PROGRESS AND RECOMMENDATIONS FROM THE CIMO EXPERT TEAM ON OPERATIONAL REMOTE SENSING
1. INTRODUCTION
In the past two years, there has been significant progress achieved by CIMO ET-ORST with respect to its work plan. In addition, there are also some advances in new radar technology in China. Moreover, some suggestions and recommendations for CIMO are put forward. In the end, the radar development plan for China in 2016-2025 is introduced briefly.
2. ACHIEVEMENTS WITH RESPECT TO WORKPLANS
       The CIMO ET-ORST has made some progress with respect to work plans in following three aspects, radar wind profilers, weather radar, lighting detection systems.
2.1 The Progress of radar wind  profilers

2.1.1 Guidance Material on Operational Systems
       The CIMO ET-ORST has formed an integrated guidance material on RWPs for WMO members initially, which includes the profiler selection, siting considerations, networking considerations, integration with other systems, data quality control, uncertainty and traceability of output data, sustainability and resource requirements. It can be the main reference document of updating CIMO guidance material to provide both an accessible basic overview of the theory as well as to give a comprehensive discussion of practically relevant information.

       The ET-ORST has found that the current CIMO Guide text dealing with RWPs is inadequate. A plan for addressing the shortcomings is proposed. The new guidance material includes an initial section on the theoretical aspects of RWPs, then covers a number of practical aspects, including spectrum allocation, siting considerations, the technical components of a RWP system, system configuration, data management, quality control and monitoring, and maintenance.

2.1.2 New Developments in Technology
The quality control technology, “the identification of doublet spectrum”, had been developed by CMA experts, which has good QC effect for WPRs measurement in the precipitation conditions. Further details are contained in Appendix II (§1.3).
2.2 The Progress of Weather radar
2.2.1 Dual Polarization

The CIMO ET-ORST has comprised a guidance document on the current status of use of dual polarization radar through the investigation, which includes the principles, QC, QPF applications, use, costs, benefits, advantages of C-band versus X-band. It provides a solid basis for future development. Besides, JMA has developed a guidance document recently which comprises a technical review of JMA’s operational radar systems.

The above documents will be integrated into the existing new chapter on weather radars in CIMO Guide.

2.2.2 Algorithm intercomparison

        No tangible progress in intercomparisons of weather radar algorithms and products (RQQI) has been made. RQQI stalled in 2014 but is currently being reinvigorated under the leadership of Dr Daniel Michelson. It is expected that the results of intercomparison could be completed by the end of 2016, with the final report available in 2017.
2.2.3 New Developments

        The technology of millimetre wave radars (cloud radar) in China has been documented by CMA, including the solid state transmitter technology and some observation experiments.

2.2.4 Operation in Mountainous terrain

The CIMO ET-ORST has prepared a draft document about the radar operation in mountainous terrain for different countries, which includes discussion and examples of particular challenges confronting the employed scanning strategies of radars in areas of high terrain from different countries. 

The further work is to synthesize information and develop a new section for CIMO Guide chapter.
2.2.5 Operational Calibration

A document about the CMA’s operational calibration practices for dual polarization radars has been formed, which includes cross investigation of an operational calibration method for dual polarization weather radar, especially online calibration and compensation of differential reflectivity. No other related documents are gathered. JMA experts stressed that additional CIMO guidance material on operational calibration of single polarization radars would also be very useful. What’s more, ET-ORST also suggests including operational calibration into CIMO Guide. 
2.2.6 Collaborative Mode Operations

The CIMO ET-ORST has made a progress of collaborative adaptive observation mode of weather radars, focusing on temporal and spatial synchronization, as well as echo consistency and product comparability in radar networks.

2.2.7 Coordination Mechanism for Weather Radars

The CIMO/WIGOS Scoping Workshop: Improving Surface-based Data Quality through Improved Standardization of Procedures, Langen, Germany, December 2014 (see Doc. 6.1), made a recommendation (Recommendation 5) regarding the establishment of a single WMO coordination mechanism for weather radars. This idea has since gathered momentum within the WMO Secretariat and CBS Management Group has now endorsed the idea and requested CIMO MG to further develop a joint proposal to EC-68 in this regard. See Doc 6.2.
2.3 The Progress of Lightning detection systems

A draft document on performance assessment of lightning detection systems has been formed by CIMO ET-ORST, and the inclusion of it in the CIMO Guide has been commenced.

The WMO secretariat has agreed to provide advice on the process for CMA to have the Guangzhou experimental site recognized as a CIMO testbed for lightning detection.

3. PROBLEMS ENCOUNTERED, RISKS IDENTIFIED
(1) With respect to some technical issues, the communication between CIMO Management Group and Expert Team needs further reinforcement. For example, during the drafting of CIMO workplan for Expert Team on Operational Remote-Sensing 2015-2018, not only teleconferences but also regular email contact should be employed so as to promote teamwork of CIMO and enhance CIMO’s role as an international technical organization.
(2) It is necessary for CIMO to conduct work based on global integrated testbed. In last conference held in Langen, Germany (3-5 Dec. 2014), I have put forward to organize a validation and comparison experiment for lightning detection system, which is helpful for establishing metadata standards, unified quality control methods and product algorithms for lightning detection systems. And China has established an integrated testbed for lightning detection in Conghua, Guangdong Province that can provide necessary fundamental conditions for the comparison experiment by ways of artificial lightning and lightning strike, et al.

4. REPORT FROM OPAG CHAIR ON RECENT DEVELOPMENTS IN SURFACE–BASED REMOTE SENSING OBSERVING TECHNOLOGIES AT CMA
In the past few years, CMA has made some progress in the techniques and methods of ground-based remote sensing observation. Details of this progress are contained in Appendix II.
5 RECOMMENDATIONS -  DECISIONS EXPECTED FROM CIMO-MG
5.1 The following recommendations are submitted by the OPAG Chair to CIMO MG.
With the large scale construction and development of integrated observation system for remote sensing, great emphasis should be placed on competency enhancement for CIMO. And suggestions are summarized as follows.

5.1.1 To strengthen the training for calibration, testing and fault information database  

construction of meteorological instrument and equipment. 

CMA is now constructing radar test platform for fault diagnosis, performance test, technical training and so on. With this platform, repair cost can be decreased and repair rapidity will be enhanced.

5.1.2 To establish metadata standard and database for weather radar.
As radar data exchange is becoming more widespread on the WMO scale, it is important for CIMO to establish metadata standard and database for quantitative application of operational weather radars.

5.1.3 To strengthen the construction, evaluation and guidance of global integrated testbed.

Experience from developed nations has shown that testbed can improve research and develop ability in quality control methods, operational procedure, observation modes and standards. So it is necessary for CIMO to strengthen the construction, evaluation and guidance of global integrated testbed.
A good example is KOUN weather radar testbed operated by NOAA. Owing to long-term experiment conducted based on the testbed, WSR-88D network has been a very successful operational system in the world. And CMA is now constructing an integrated observation testbed in Changsha, Hunan province so as to conduct comparison experiment for remote sensing equipment in future. 

5.1.4 To strengthen the cooperation between CIMO and CBS, JCOMM etc, and to establish 
several representative experiment comparison items.
(1)  CIMO should enhance the cooperation with CBS and focus on development of high accuracy 
sensors required for basic elements of global climate observation system and instrument comparison. In addition, the cooperation ought to be built as a long term program required by both sides. 

(2)  CIMO should enhance the cooperation with JCOMM and focus on instrument and equipment 
as well as observation methods for air sea flux, sea surface temperature, surface layer wind field (10 meters below sea level). By joint experiment, long term stable testbed platform and sustainable experiment items can be established. During my presentation, I will give a brief introduction of the Marine Meteorological Science Experiment Base (MMSEB) at Bohe, China.
(3) It’s necessary for CBS to provide guidance and evidence in establishing scientific and reasonable layout for observation system, especially in key areas and high impact regions. And requirement from CBS and numerical weather model are important. 
5.1.5 To conduct international intercomparison experiment and evaluation for lightning detection 
system under the guidance of CIMO.
(1) China has established an integrated testbed for lightning detection in Conghua, Guangdong Province. It can provide necessary fundamental conditions for validation and comparison of lightning detection by ways of artificial lightning and lightning strike, et al.

(2) It’s necessary to establish metadata standards and metadata database  as well as globally unified data quality control and product algorithms for lightning detection systems.
5.1.6 A suggestion on the agenda of temporary conference in Offenbach for CIMO Management 
Group.

I suggest that during each conference, a field investigation to local meteorological integrated observation station should be arranged so as to master the operational status in that country, which is helpful for improving CIMO work.
_________________

APPENDIX I: Updated workplan (2014-2018)
(ET-ORST deals with all aspects of wind profilers, weather radars and lightning detection systems)

(Status update March 2016)
	No.
	Task description
	Person responsible
	Action
	Deliverable
	Deadline for deliv.
	Status
[%]
	Comments 

	1.
	Radar wind profiler operations, including:

a) profiler selection b) siting considerations

c) networking considerations

d) integration with other systems

e) data quality control

f) uncertainty and traceability of output data

g) Sustainability and resource requirements.
	Lehmann
Boers
Kane


	1. Review available national and international documentation on the operational use of radar wind profilers, including as that available from Testbeds.

2. Based on the existing information, prepare guidance material (IOM report) on all aspects of the operation of radar wind profilers

3. Update the CIMO Guide information on radar wind profilers 
	2.) Draft CIMO Guide material on the operation of wind profilers 

3.) Finalise Update of CIMO Guide (possibly new chapter). 


	1.) 02/2015

2.) 12/2015

3.) 12/2017
	100%

20%

0%
	IOM-Reports 63, 79, 89 ,110
CIMO Guide part II, Ch. 5

800+ scientific papers plus various material available on Internet

Table of content drafted, collection of material ongoing

Inventory of RWP networks worldwide ongoing in preparation for 6th WMO Data Impact Workshop  



	2.
	New and emerging radar wind profiler technologies
	Cook

Lehmann
	1. Review current developments in radar wind profiler technology. 
	1) Report on new and emerging wind profiler technologies, if appropriate.
	As available
	
	No significant developments noted

	3.
	Dual polarization weather radar
	Cook

Kong
Tsukamoto

Urban

Sireci


	1.  Collect information on the current status of use of dual polarization radars (principles, QC, QPF applications, use, costs, benefits of dual polarization technology, C-band vs. X-band).

2. Review material currently available in CIMO Guide 

3. Update CIMO Guide Ch. 9


	3a) Draft Updated CIMO Guide section on the use of dual polarization radars 

3b) Finalise material for CIMO Guide 
	1. Ongoing

2.) 12/2015

3a.) 12/2016

3b.) 12/2017
	20%

20%

0%
	Delayed since typesetting of  CIMO Guide 2014 is still not available 

No status update received since  Toyko meeting 10/2015

	4.

	Operational calibration of weather radars
	Pei Chong 
Cook 
	1. Research on cross calibration technology and automatic correction methods in weather radar networks. 

2. Research on operational calibration method for dual polarization weather radar, especially online calibration and compensation of differential reflectivity, which indicates consistency in horizontal and vertical channels

	1) Document on the research results of cross calibration technology in weather radar networks. 

2) Document on the research results of operational calibration methods for dual polarization weather radar. 
	1.) 12/2016

2.)

12/2017
	100%

100%
	ACTION COMPLETE

	5.
	Operation of weather radars in mountainous regions.
	Kong

Sireci

Kane

Pei Chong

Cook

Tsukamoto

Waniha


	1. Gather information from different countries on strategies employed

2. Synthesize information obtained into general guidance material


	2a) 

Information document (possibly IOM report) on operation of radars in mountainous regions.

2b) 

New section for CIMO Guide chapter on weather radars, if warranted.
	1.) 06/2015

2a.) 12/2015

2b.) 12/2016 (if req)
	40%

40%

0 %
	No status update received since  Toyko meeting 10/2015

	6.
	Weather radar data and metadata exchange


	Sireci

Kane
Cook

Urban
	1. Contribute CIMO input to the CBS ET-SBO Task Team on Radar Data Exchange

2. Work closely with Turkish Meteorological Service in the design and implementation of the second version of the weather radar metadatabase
	1) Input to CBS ET-SBO Task Team

2) Liaison with TMS on requirements for radar metadata, as required  
	1. As req

2. As req
	
	No status update received since  Toyko meeting 10/2015

	7.
	Evolution of weather radar technologies: New developments, resource requirements, spectrum allocation constraints.


	Pei Chong

Ice
	1. Review current developments in weather radar technology: (e.g. solid state transmitters, phased array antennas, low cost X-band radars, use of radio spectrum and RFI issues, health and safety etc.)


	1) Report on new and emerging weather radar technologies, if appropriate.
	12/2017
	
	No status update received since  Toyko meeting 10/2015

	8.

	Collaborative adaptive observation mode of weather radars

	Pei Chong 
Ice 
	1. Research on collaborative adaptive observation mode of weather radars, focusing on temporal and spatial synchronization, as well as echo consistency /product comparability in radar networks. 
	1) Document on research results of collaborative adaptive observation mode of weather radars. 
	12/2016 
	100%
	ACTION COMPLETE

	9.
	Intercomparisons of weather radar algorithms and products (Radar Quality Control and Quantitive Precipitation Intercomparison (RQQI))
	Kane
Leijnse


	1. Monitor progress with the  intercomparison

2. Publish results of the analysis


	2.1) IOM report on the results of the intercomparison

2.2) Update CIMO Guide Chapter on weather radar
	2.1)  12/2016
2.2) Dec 2017


	0%

0%
	Discussions were held with Paul Joe, Daniel Michelson, Alan Seed and Mark Curtis on the status of RQQI. The project has been in a dormant state for some time. Daniel is the new project leader and has taken steps to kick start the project with a revised project team. No tangible progress has been made as yet, but there is an RQQI meeting scheduled to take place at ERAD 2016.



	10.
	Lightning detection systems 
	Hettrick

Pei Chong

	1. Assemble existing information and propose improvements to current methods of assessing the detection efficiency and location accuracy of lightning detection networks
2. Review the use of lightning data in integrated observations products.


	1a) Report  on current status of lightning detection systems

1b) Update CIMO Guide

2) Report on use of lightning data in integrated obs products

.

	12/2016

06/2017

06/2017
	50%

0%

0%
	No status update received since  Toyko meeting 10/2015

	11.
	Lightning detection systems: Testbed and Intercomparisons
	Pei Chong
All
	1.Assist CMA, on request, regarding the development of a CMA testbed for lightning detection systems
2. Examine the feasibility of a CMA intercomparison of lightning detection systems and provide advice to CMA, if requested,  to assist in planning such an intercomparison


	Guidance documents
1) regarding the establishment of a new CIMO testbed

2) regarding the planning of an intercomparison experiment 


	1 as req.
2 as req.
	50%
0%
	No status update received since  Toyko meeting 10/2015

	12.
	Integration of observations from different rainfall observation systems

	Urban
Kane
Cook
	1. Evaluate issues related to integrating precipitation observations from weather radars, satellites and rain gauges
2. Propose standardized techniques for data integration
	1-2. Guidance document on integration of rainfall observations from different systems.
a) Draft

b) Final document
	2a.) 10/2015
2b.)

07/2016
	50%
0%
	No status update received since  Toyko meeting 10/2015

	13.
	Access to publications on wind profilers, radars and lightning detection systems
	Lehmann
All

Secretariat
	1. Identify national and other publications on wind profilers, weather radars and lightning detection systems
2. Provide internet access to those publications from the WMO webpages
	1. List of publications
2. Webpage providing access to those publications
	ASAP
	ongoing
	Continuous task.

	14
	Outcomes of Exploratory Workshop
	Kane
	Follow-up on outcomes of exploratory workshop
Participate in discussion on Inter Program coordination mechanism 


	1) Assist in development of draft ToR for group 

	10/2015
	100%
	Group discussion at the meeting between Dead Lockett, Stuart Goldstraw, Daniel Michelson and Tom Kane regarding the establishment of an inter-program group, including the draft ToR (See meeting report)

	15
	Operation of Weather Radar Systems 

	Tsukamoto 

	1. Develop report on JMA’s current weather radar program 


	1a) IOM report. 
1b) Material integrated into existing CIMO Guide chapter. 
	2018
2018


	15%
	JMA has established the task team and discussed the contents of the document


	16
	Impact of Wind Turbines on Weather Radars 

	Cook 
Hettrick 

Urban 
	Develop improved guidance for Members on prevention/mitigation of interference to weather radars from wind turbines. 

	1) Updated Annex 9-A to CIMO Guide 


	12/2016
	0% 
	New action, no status update received since  Toyko meeting 10/2015



________________
APPENDIX II: Background information 
Report from the OPAG Chair on Recent Developments in Surface-Based Remote Sensing Observing Technology within CMA.
1 Advances in new radar technology in China
1.1 X-band weather radar 
1.1.1 X-band solid-state radar

With large-scale construction of weather radar network around the world, the requirement for high operational reliability is becoming more and more urgent. To reduce cost and improve reliability, solid state X-band radar is a good choice. Its characteristics include: 
· Integrated front-end design
· It combines antenna, T/R module, and digital receiver together without rotary joint and has advantages such as lower cost, elimination of various insertion loss caused by rotary joint and so on.
· Multi-pulse technique to compensate blind zone

· It employs pulse compression by linear frequency modulation and uses long, medium, and short pulse to decrease blind zone and lessen sensitivity difference in pulse connection position. 

In addition, other characteristics contain solid state transmitter, pulse compression, low power consumption, flexibility and so on.
1.1.2 X-band dual-polarization radar

Based on long-term experiment conducted in KOUN testbed in NOAA, there are mainly two technical modes for dual polarization radars, namely simultaneous transmission mode (SHV) and alternate transmission mode (AHV). In SHV mode, radar can obtain higher accuracy in spectral moment estimation and larger unambiguous velocity while radar can obtain higher SNR and LDR in AHV mode. 
In China, most dual polarization radars employ SHV mode. In addition, some X-band radars adopt dual-transmitters to improve SNR. And calibration methods for ZDR include test signal, sun, drizzle, metallic ball, etc.
1.1.3 X-band radar platform

X-band radars are mainly used to observe local weather in boundary layer, so it is necessary to take its mobility into account. At present, there are fixed and mobile X-band radars of various antenna sizes in China.
1.1.4 X-band phased array radar (PAR)

The National Weather Radar Testbed in NOAA has shown that phased array radar can observe fast-changing small scale weather system effectively. In China, there are C-band and X-band PAR with one-dimension and two-dimension scanning capability. 
Challenges for phased array weather radar include calibration technique, establishment of radar meteorological equation and quantitative application. And all of these require further research in future. 
1.2 Millimeter wave cloud radar in China 

The whole weather process monitoring includes four stages, that is, clear air, cloud, precipitation and disaster monitoring, in which the development of cloud is very important to numerical weather prediction. And CMA pays special attention to the research and development of cloud radar. At present there are Ka-band and W-band cloud radars in China. 
1.2.1 Ka-band cloud radar

· Employ Cassegrain antenna with low sidelobe 

· Use highly reliable TWT and solid state transmitter

· Adopt pulse compression technique to improve range resolution

· Use dual-polarization to detect linear depolarization ratio of the cloud

· Powerful BIT and automatic calibration design

· Retrieval and display of cloud phase and size 
1.2.2 W-band cloud radar  
· W-band Cassegrain antenna

· Transmitter with distributed klystron 

· Modular receiver and high-speed IFD 

· Calibration for dual-channel consistency

· Retrieval methods for cloud parameters and 3D structure

· Clutter suppression and parameter estimation in airborne platform

· Mobile shelter for ground-based platform
1.3 Quality Control for Wind Profiler Radar 

1.3.1 Precipitation power spectral density characteristics

(1) Doublet peak spectrum superposition of turbulence spectrum and precipitation spectrum.

(2) Atmospheric turbulence and particle scattering are comparable magnitude.

(3) Precipitation spectrum is always to the right side of the turbulence spectrum. 
1.3.2 Calculation of the real airflow velocity shall remove precipitation spectrum, and then use the remaining spectrum

2 Radar development plan for China in 2016-2025

As CMA is now making meteorological radar development plan for the next 10 years (from 2016 to 2025), and I also hope to take this occasion to report it to CIMO Management Group.

The whole plan covers multiple atmospheric elements observation for the whole weather process monitoring which includes clear air, cloud, precipitation and disaster monitoring. In addition, it is a unified planning with participation of multiple departments and resource sharing such as radar platform, testbed, data and frequency resource. Moreover, it aims to establish a sustainable development system for meteorological radar from research, develop, manufacture, construction and application.
It will optimize radar network layout by supplementing a certain number of S-band and C-band weather radars, which will increase 1km AGL coverage by 10% in key areas in China. And it plans to build several testbeds for weather radar, wind profiler, millimeter wave radar, lidar and radiometric for experiment, comparison and evaluation for new radar technologies.
….

________________
