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Report on progress, recommendations and future activities of Expert team on new remote sensing technologies





	
Summary and purpose of document

This document provides information on the activities carried out by expert team, and the latest developments in the various new remote sensing technologies.





ACTION PROPOSED

The Meeting is invited to review this report, and to consider the recommendations of ET-NRST and to comment on and approve the updated workplan. 

________________







Appendices:	I	Updated Workplan 
		II	Additional Information
		III	Topics and deliverables for after CIMO-17







[bookmark: _Draft_Decision_X.X.X(X)/1][bookmark: _Toc319327009]EXECUTIVE SUMMARY

· After the preparation and approval of the workplan for Expert Team on New Remote Sensing Technologies by CIMO-MG-13, the plan was updated updated in March 2016,in  August 2016, and in March 2018 in accordance with changing conditions and the requirements.

· Studies on the intercomparison of lidars,  operational use of Passive Microware Profilers, evaluation of operational use of new remote sensing technologies, uncertainty and traceability of GNSS measurements, and preparation of standard on lidars have been carried out and documented.


· Developments are on-going in the various new remote-sensing technologies, such as Doppler LIDAR, water vapour LIDAR and microwave radiometer.  New technical methods are available in the market, and field trials have been conducted in these new technologies.  

· The lead centres continue to work on the inter-comparison on the new technologies.

· However, it is also noted that the collection and promulgation of information on new remote sensing technologies have rooms for improvement.  

· The inputs from the experts of the ET are limited and they do not seem to be very interested in promulgating their work through the ET and the CIMO website in general.  Methods for encouraging information sharing would need to be formulated.





REPORT ON ACHIEVEMENTS, RECOMMENDATIONS AND FUTURE ACTIVITIES OF CIMO EXPERT TEAM ON NEW REMOTE SENSING TECHNOLOGIES
(based on the input provided by the Chair of the Team)
1. Major achievements with respect to Workplan
1.1. Studies on the intercomparison of lidars have been carried out and documented.
1.2. The report of the survey conducted on operational use of Passive Microware Profilers has been prepared and submitted to the WMO secretariat.
1.3. WMO/ISO standard on ground-based remote-sensing of wind by heterodyne pulsed Doppler lidar has been prepared and published as ISO document (ISO 28902-2).
1.4. A document has been prepared on Argentinian lidar network within the scope of evaluation of operational use of new remote sensing technologies.
1.5. A draft report has been prepared on the uncertainty and traceability of GNSS measurements.
1.6. On the Doppler Wind LIDARs, there were scientific contributions to the COST initiative TOPROF (which ended last September). A prototype « consensus » measurement protocol, data format, processing scripts… have been developed by TOPROF members and shared so that it is now running on several continuous profiling sites across Europe. Similar processing is running on Lidar from different vendors. 
1.7. TOPROF group members also started evaluating DWL capabilities to provided additional information to the wind profile in the ABL, such as ABL height, cloud base height, aerosol backscatter profile within the ABL. A standardized data format (NetCDF) has been implemented.
1.8. TOPROF COST action ended but there is still a lot of work to be done on defining the measurement requirements for data assimilation (10 or 15min mean values, standard deviation, sampling heights, spatial averaging, requirements on measurement accuracy - mean bias, RMSE -, …), also on QAQC (Quality Assurance - Quality Control) protocols linked with measurement uncertainty in a variety of atmospheric conditions (stable vs. unstable conditions, precipitation…). A new COST action named PROBE (Principal Dr. Domenico CIMINI, IMAA - CNR, Italy) has been submitted last year. The acceptance / rejection of this COST action is expected in May / June this year and the project would start end of 2018. WMO could promote rapidly this initiative to the COST committee.
1.9. In parallel to the TOPROF action, investigations had been pursued on comparing several measurement scenarios and their impact on DWL metrology. Similar initiative is ongoing within the DWD, and most probably other institutions. ET-NRST group could contribute to sharing knowledge and help defining requirements. 
1.10. Several institutions in China (IUM, several large cities Environmental Monitoring Centers, several local Meteorological Bureau) are now operationally making use of DWL to profile the ABL and better forecast the Air Quality. Their experience and feedback should be gathered and shared inside our group.
1.11. Significant experience has been gathered in operating a network of DWL thanks to the New York State Mesonet (http://nysmesonet.org - 17 upper air sounding sites featuring a DWL and a MWR) which is now operating for more than 1.5 year for the first sites, to almost 12 months for the latest deployments. This is not going as fast as the NYS Mesonet group would like to but this unique infrastructure should be considered a unique test bed to assess the benefits of these technologies for improved weather forecasting and data assimilation into NWP.
1.12. Significant resources have been allocated in assessing the repeatability of DWL performance from one device to the other, and performance dependence on atmospheric conditions. 
1.13. On the side of water vapour DIAL, there is no meteorological station or institute operating the DIAL for monitoring the water vapor or ozone on an routine basis.  For water vapor DIAL, NCAR and Montana State University have developed the DIAL system based on diode laser technology. They successfully operated the DIAL and measured the water vapor vertical distribution in the lower troposphere for three months during the field campaigns in US. The similar diode laser based system has been developing by Vaisala. They have been testing it for the validation at DWD, ARM site in US.
1.14. In Hong Kong, there was a trial of DIAL for several months.  The equipment was found to sustain the strong winds associated with typhoons and useful data have been collected on the boundary layer structure of typhoons.  The equipment has been found to have many potential applications in the subtropical areas, e.g. in the nowcasting of heavy and thunderstorms.
1.15. There are various activities in the application of ground based microwave radiometers.  The chapter on CIMO Guide has been revised to take into account the latest development of 1DVAR assimilation of radiometer data into a numerical weather prediction model, which provides real time monitoring of water vapour profiles in the troposphere with many fine features.  The 1DVAR method should be promulgated to many other users of this kind of instrument.
2. Problems encountered 
2.1. It was noted that left of ET Chair caused some deficiencies on the workplan.
2.2. Activities on new remote sensing technologies have been ongoing in both commercial markets and national laboratories/weather services.  However, such information does not go into the ET and the ET depends heavily on the input from the various technology units.
2.3. During the intersessional period it was noted that there is no sufficient information sharing between Et and Lead centres. The ET may need to think about an appropriate promulgation method of the new technology information.
3. Recommendations
3.1. It has been discussed in the previous face-to-face meeting of the ET on the possibility of posting some simple notes of the development of the various activities in the CIMO website.  There should be a way to encourage the public and the private enterprises to more actively share the information with ET and the CIMO group in general.
3.2. A website may be set up to post the reports from the lead centres so that the other weather services could more easily follow up on their activities and may also interact with them on the benefits and limitations of the new remote sensing technologies.
4. Major topics for future work with expected associated deliverables
4.1. The ET would continue to keep in view the latest developments of LIDARs, microwave radiometers and GNSS.  In particular, there was no report of GNSS in the past year or so.  
4.2. The information so obtained may be posted in the CIMO website for promulgation and when the technology becomes more mature, the relevant information may be added to the IOM report and CIMO Guide.
_________________
CIMO/MG-15/Doc. 2.3(2), p. 1



APPENDIX I
[bookmark: Appendix1]UPDATED WORKPLAN

[bookmark: Annex_II]Workplan of the Expert Team on New Remote-Sensing Technologies (2014-2018)
CIMO-16 §5.14, 5.15, 5.16 refer.
(Version: As approved by CIMO-MG-13 in Dec. 2014; updated in March 2016,in  August 2016, and in March 2018)

	No.
	Task description
	Person responsible
	Action
	Deliverable
	Deadline for deliv.
	Status
[%]
	Comments

	1.
	Instrument intercomparison for aerosol / volcanic ash detection.
	Apituley

Donovan
Ristori
Sakai
Haefele
Cuevas
(Ina Mattis)
	1. Assist in conducting a feasibility study for an intercomparison on various techniques for aerosol/ volcanic ash detection
2. Report to CIMO MG on the findings of the study
3. Prepare a plan for such an intercomparison if feasible

	1. Produce background  document on lidar intercomparison



2. Draft report on feasibility study.

3. Plan for intercomparison



	11/2016







04/2017



TBD
	70







0



0
	CIMO-16 § 5.24
In liaison with ET Inter- Comparison
Will there be a need for ‘portability’ of the intercomparison?

This task is further elaborated in the report of CIMO ET-II (corresponding to Task 7 of ET-II).
See: https://www.wmo.int/pages/prog/www/IMOP/meetings/MG-15/CIMO_MG_15_Report%202.2(3)_ET-II-A3_as_published.docx 

	2.
	Passive microwave profilers
	Chan
Tully
Payerne Testbed
	1. Survey the use of MWPs by NMHSs
2. Further develop draft IOM report on operational use of passive microwave profilers.
3. Investigate potential integration with satellite data.
4. Review relevant CIMO Guide chapter and develop update.
	1. Survey on MWP

2. IOM Report on MW Profilers



3. Advice on integration with sat data.
4. Updated CIMO Guide Chapter
	12/2015

06/2018


06/2018

04/2018
	100%


80%




80%


80%
	CIMO-16 Doc. 5, §5.18
Note existing draft doc available from WMO secretariat 
Liaise with GRUAN.

	3.
	Lidar Standards
	Apituley
Chan
	1. Provide WMO input to ISO TC146/SC5 development of a joint WMO/ISO standard on pulsed heterodyne Doppler wind lidar.
2. Provide advice to CIMO MG on the merit of development of other joint WMO/ISO standards (e.g. CW Wind lidar).
3. Collaborate with ISO TC146/SC5 working group on maintenance of ISO lidar standards. 
	1. WMO/ISO standard on ground-based remote-sensing of wind by heterodyne pulsed Doppler lidar

	1. 02/2017 



2. Ongoing



3. Ongoing

	100%
(standard published as ISO document (28902-2) and as Annex to Ch 5 of Part II of th CIMO  Guide)
	CIMO-16, §4.6
CIMO-16, §5.22 
CIMO-16, §8.3
Re PHD wind lidar standard: Revision required by DWD after ‘final version’ circulated 05/16. After revision (10/16), standard to be circulated to WMO Members for formal WMO approval (3 months).
WMO to comment to ISO on need for part 3 (CW lidar) by 30 Aug 2016 


A proposal from ET is to engage GAW community in Part 4 of this series (Particle backscattered lidar). (For info: celiometers are also covered in this draft)

	4.
	Monitor, evaluate and report on development and implementation of new remote-sensing technologies and their operational application (excluding weather radars, radar wind profilers and lightning detection systems)
	















a. Chan Hafaele  Tully

b. de Haan
Tulley

c. Apituley
Ristori
Sakai

d. Sakai
Apituley
Roininen

e. Apituley
De Haan
Chan

f. Donovan

g. Ristori
Apituley
Tulley
Roininen
Donovan.

h. ???

i. Apituley
All
	Review, evaluate and report on development and implementation of various new remote-sensing technologies and their potential/readiness for operational application, including path to operational use and traceability to SI, for: 

a. MWP


b. GNSS


c. Raman WV lidar



d. DIAL lidar



e. Doppler wind LIDAR 


f. cloud radars

g. aerosol&volcanic ash detection




h. FTIR

i. other (incl. simple, cheap technology)
	1. Updated reports on performance, implementation and operational use of various systems.
2. IOM or other report(s) on new RS technologies (e.g. Operational use of LIDARs in Argentina)
3. Relevant CIMO Guide updates (as required)
	1. ongoing
(update only if necessary)




2. 06/2018 (Argentinian lidar network IOM)


3. As req



	ongoing






70%
	CIMO-16 §4.17, 5.15, 5.16, 5.17, 5.18, 5.19, 5.20, 5.21, 5.22, 7(5).3, 7(5).4

Note 1: Ensure due consideration of new technologies which are cheap and simple to operate and maintain.
Note 2: Take into account reports from previous intersessional period.
Note 3: Liaise with GRUAN on WV Lidars, etc.
Note 4: Include FTIR





For DIAL lidars PW will send a short report on HKO tests, which will be amended by Vaisala tests (Reijo)

	
	
	
	
	
	
	
	
The task is considered as not relevant, as TB/LCs report regularly (every 2 years) to the Secretariat. All the reports are evaluated by TT prior to CIMO MG meetings. 

	6.
	Uncertainty and traceability to SI of remotely sensed atmospheric vertical profiles.
	De Haan
All
	1. Identify one technology (GNSS) for which SI traceability and quantification of uncertainty is tractable, and develop guidance material on this.   
2. Identify a second technology and perform a similar analysis.
	1. Document or IOM Report on uncertainty and traceability of GNSS measurements.



2. Report on another R/S profiling technique
	06/17








12/17
	50%








0%
	Note existing draft document at http://www.wmo.int/pages/prog/www/IMOP/meetings/RS-NT/ET-NTTB-1/Doc%209_Traceability.doc
CIMO-16 §5.25, 5.26
Liaise with similar GRUAN activities.
To check with De Haan

	7
	Competencies for those involved in Aerosol lidar observations. 
	Ristori
Haefele
	1. Develop a competency framework for all aspects of aerosol lidar observations.
	1. Competency framework for aerosol lidar observations.
	06/17
	20%
	Liaise with TT-Competencies
No progress yet.
Pablo will check with Alexander
To liaise with GAW community

	8
	Integrated water vapour profiling
	Haefele
	1. Literature search on previous efforts
2. Draft an overview document 
	2. Technical report
	12/17
	0%
	Include some or all of: MWP, ceilometers, cloud radar, WV lidar, sondes, NWP assimilated fields, GNSS, FTIR, mobile phones?!?
To check with Alexander if he wants to continue


________________
________________
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APPENDIX II
[bookmark: Appendix2]ADDITIONAL INFORMATION (if needed)
[bookmark: _GoBack]There is no additional information.
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APPENDIX III
[bookmark: Appendix3]APPENDIX III: Draft workplan for after CIMO-17
(Note: do not fill in colums Person Responsible/Deadline/Status)
	No.
	Task description
	Person responsible
	Action
	Deliverable
	Deadline for deliv.
	Status
[%]
	Comments

	1.
	Instrument intercomparison for aerosol / volcanic ash detection.
	
	1. 
	1. 
	
	
	

	2.
	Passive microwave profilers
	
	1. 
	
	
	
	

	3.
	Monitor, evaluate and report on development and implementation of new remote-sensing technologies and their operational application (excluding weather radars, radar wind profilers and lightning detection systems)
	
	
	
	
	
	

	4.
	Uncertainty and traceability to SI of remotely sensed atmospheric vertical profiles.
	
	1. 
	1. 
	
	
	

	5.
	Competencies for those involved in Aerosol lidar observations.
	
	1. 
	1. 
	
	
	

	6.
	Integrated water vapour profiling
	
	1. 
	1. 
	
	
	

	7
	Standardization studies remote sensing instruments similar to on achieved for Lidars
	
	1. 
	1. 
	
	
	

	8.
	
	
	1. 
	
	
	
	

	9.
	
	
	
	
	
	
	

	10.
	
	
	1. 
	
	
	
	



________________
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