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	Summary and purpose of document
This document provides a brief discussion of the progress achieved by the ET-B2 and suggests appropriate future activities for the Expert Team. 
 


Action proposed


The meeting is invited to consider the information contained herein and to provide feedback on the progress achieved and suggested future activities.
________________
1. Introduction
1.1 The first session of the CIMO Expert Team on New Technologies and Testbeds was held from 4 to 7 March 2013 at the WMO Headquarters in Geneva, Switzerland. The status and use of (new) remote-sensing technologies was reviewed towards assessing which of them could be considered as mature enough to be used operationally by National Meteorological and Hydrological Services. The meeting agreed on actions required to properly reflect and describe these techniques in the CIMO Guide, in IOM reports and on the WMO website.The meeting reviewed the outcomes of CIMO Testbeds and Lead Centres with a view of cooperating with them on subjects of common interest. It recognized the potential that testbeds and lead centres could have in the implementation of WIGOS to test the performances of instruments and systems prior to their deployment within WIGOS. It therefore decided to develop of proposal for expanding their Terms of Reference and specifying the role they should play in WIGOS for the consideration of the Management Group, and ICG-WIGOS, if appropriate. The meeting also addressed the matter of the traceability of remote-sensing observations. 

1.2 The meeting has been chaired by Dr A.Koldaev who presented a summary of the activities of the CIMO ET-B2 since April 2011 and stressed some areas that would require particular attention. These included the monitoring of the outcomes of CIMO Testbeds, the traceability of vertical profiles in the atmosphere by various remote-sensing technologies, and strengthening the contribution of ET-NTTB to the implementation of WIGOS. 
1.3 Some new activities have been proposed that ET-B2 should consider addressing before the next CIMO session meeting in 2014:

· Testing of instruments in CIMO testbeds before their use in WIGOS,
· Elaboration of quality control (QC) procedures for new technology instruments involved in WIGOS,
· Sharing of information about potential operational use of new technologies in NMHSs, and

· Possible simplification of the mechanism to include information on new technologies in the CIMO Guide.
1.4 New  technologies are usually associated with very expensive instrumentation, which are difficult to put into operational use as they require personal with very high qualifications to operate and maintain them. However, the meeting recognized that it could play an important role in providing information on simpler and cheaper new instrumentation that can be easily used and maintained, and decided to address this when reviewing its workplan. 
2. Progress made by the ET and recommendations for future work
2.1 Status of development of IOM Report on Global Navigation Satellite System (GNSS)
2.1.1 Mr Siebren de Haan presented a document on “Guidelines on the operational use and data exchange protocols for GNSS water vapor”. The meeting agreed that this document was very valuable and should be published as an IOM report. It requested all ET members to make a final review of the document (together with other relevant experts from their services) and provide their final comments to Mr de Haan by Mid-April 2013, so that he can finalize it by mid-2013, including the part on climate applications.

2.1.2 The meeting noted that the main meteorological application for GNSS data is NWP which assimilates the total time delay, while the integrated water content is used for verifying model outputs.
2.2 Status of review of CIMO Guide chapter
2.2.1 The meeting agreed that GNSS water vapour retrieval is a technique that is mature enough for operational use and that it is essential to properly cover it in the CIMO Guide. However, the meeting agreed that the information that would have to be included in the CIMO Guide would differ somewhat from the IOM report, requiring for example information on where to site GNSS stations, etc.
2.3 Status of development of guidance material on operational use of passive microwave profilers
2.3.1  Dr A.Koldaev presented a draft document named “Guidance material on passive microwave profilers and proposed update for the CIMO guide”, which is intended to provide an introduction on this technology. 
2.3.2 The meeting recommended that the document be expanded somewhat to cover additional aspects of this technique, including an analysis of the uncertainties of such measurements, height resolution estimation and how these estimates are obtained. It requested all ET members to review the document (together with other relevant experts from their services) and provide their comments and suggestions to Mr Koldaev by end of April 2013, so that he could further develop the document towards publishing it as an IOM report. 
2.4 Status of review of CIMO Guide chapter
2.4.1 The meeting noted that microwave radiometry was already succinctly addressed in the CIMO Guide. In view of the very limited operational implementation of ground based microwave radiometers world wide, the meeting felt that it would be premature to include the content of the document mentioned above into the CIMO Guide.
2.5 Status of development of ISO standards (on lidar)
2.5.1 The meeting noted the development of ISO standards relevant to its work, which are under the responsibility of ISO Technical Committee 146 “Air Quality”, Sub-Committee 5 “Meteorology” (ISO TC146/SC5). One standard has been published: ISO 28902-1:2012 Air quality -- Environmental meteorology -- Part 1: Ground-based remote sensing of visual range by lidar. Another standard, ISO/WD 28902-2 Air quality -- Environmental meteorology -- Part 2: Ground-based remote sensing by Doppler wind lidar, is presently under development. 
2.5.2 The meeting noted that there is a very strong demand for Doppler wind lidar systems, in particular for applications such as wind energy, airport weather, meteorology and climate monitoring. It recommended that the standard also includes a complete uncertainty analysis of the system and the validation of the system.

2.5.3 The meeting was informed that the WMO Secretary-General approached ISO to seek its concurrence to further develop two standards as common ISO-WMO standards.  One of them is the standard on Ground-based Remote Sensing by Doppler Wind Lidars mentioned above. ISO responded positively to this request. Mr Arnoud Apituley is taking part in this work, representing CIMO and more generally WMO. The meeting therefore recommended that WMO formally nominates him as WMO liaison person for this task, as well as Dirk Klugmann and Masahisa Nakazato.

2.6 Status of development of other standards

2.6.1 There are many standardization activities for wind Doppler lidars. IEC (International Electrotechnical Commission) has an expert group which is finalizing the IEC standard entitled “IEC 61400-12-1: Power performances measurements with remote sensing” for the end of 2013. IEA (International Energy Agency) has an expert group which has been established to work on wind resource assessment. The activities of both IEC and IEA are dedicated to wind energy and are more focused on short range (0 – 200m) vertical wind Doppler lidars, while the activities of ISO are more relevant for broader scale meteorology. 
2.7 Microwave Radiometers (MWR)
2.7.1 The meeting was informed about some operational deployments of microwave radiometers. These include a private network in USA for meso-scale prediction and storm warning, a network in India targeted at operational weather forecasting and nowcasting, in Russian Federation for monitoring of fast global changes like consequences of catastrophes, and some individual instruments used for specific purposes, such as in support of the winter Olympic games in Sochi (Russian Federation). Another network has been deployed in Korea targeted at heavy rainfall conditions, which is proving very challenging in view of the limited performances of MWR in such conditions. 

2.7.2 The meeting recognized that MWR technology could not yet be considered as mature enough for operational use by NMHSs. 
2.8 Global Navigation Satellite System (GNSS)
2.8.1 At present, NOAA is processing over 400 GNSS sites in the United States and Pacific on an hourly basis. This data is exchanged through the EUMETNET programme E-GVAP. In Europe, the E-GVAP coordinates the processing and distribution of GNSS observables for meteorology. The data produced through this facility are distributed on the GTS. Other regions have GNSS receivers and networks installed. The meeting recognized that access to this data would be beneficial for regional and global meteorological applications,

2.8.2 At present the GNSS observables are used in NWP models at least at NOAA-ESRL, the MetOffice, MeteoFrance and KNMI. Forecasters at the MetOffice use the GNSS maps to validate the models.
2.8.3 The meeting recognized that access to GNSS raw data alone is not enough but that processing is essential for acquiring meteorological observables. Access to global GNSS data, on the other hand, has the potential to be very valuable for global NWP models. Exchange of raw GNSS data and processing at one of the global GNSS processing centres might be helpful. The current use of the GNSS network data is focused on (near) real time. Close collaboration with GRUAN is needed in order to acquire consistent climate data from GNSS.

2.9 Water-vapor LIDARs 
2.9.1 It has been demonstrated that water vapor Raman lidar can be operationally deployed during daytime and nighttime. However, since the instrumental requirements are demanding, these instruments are sizeable and expensive (> 1 Million USD). The number of instruments that are available is small and these tend to be located at atmospheric supersites, such as the ARM sites, Payerne, and Lindenberg Testbeds.

2.9.2 Calibration (SI traceability) is an important issue for this technology, in particular for climate monitoring applications.

2.9.3 The Differential Absorption Lidar (DIAL) technique is an alternative technique for water vapor measurements that is self calibrated. Up to now, the required laser technology has prevented wide spread application beyond the research domain. However, recent developments in laser technology will enable the deployment of small autonomously operated water vapor DIAL systems for profiling the lowest few kilometres of the atmosphere. Commercial developments of such instruments are ongoing. Such systems may become available for operational use in e.g. NWP data assimilation.

2.9.4 The meeting recommended that:

· Traceability for water vapor Raman lidar is undertaken by the GRUAN community and that ET-NTTB collaborates with GRUAN to ensure the transfer of knowledge.

· The development of the ceilometer-style water vapour DIAL systems should be closely monitored by ET-NTTB. Information about the status of the developments should be sourced with the (US) groups involved in the developments.

· Manufacturers be encouraged to develop robust instruments of both (Raman and DIAL) technologies with stable calibration for operational applications.

2.10 Wind-finding

2.10.1 Several wind finding technologies were discussed. It was observed that an overlap exists between ET-NTTB and the CIMO Expert Team on Operational Remote Sensing dealing with wind profiling. Care should be taken to harmonise recommendations between both ETs.
2.10.2 No new developments are known in SODAR. SODARs are widely used for security matters (nuclear power plant monitoring).
2.10.3 The meeting was informed that several campaigns have been performed in the framework of various projects in USA (ARM project) and in Europe (COST Action 0702-EGCLIMET) in order to evaluate the operation rate and the accuracy of Wind Doppler lidars in terms of horizontal wind speed and wind direction. These results showed that during those campaigns the Doppler lidars had operation rate higher than 90% and they worked in various conditions from summer to winter and even with rain and snow. This data analysis showed that the measurement range is linked with cloud height when looking vertically and with visibility when looking in the PBL. During these campaigns, compared to radiosoundings and radar wind profilers, the Doppler lidars had a typical bias of less than 0.5 m/s for the wind speed and less than 2° for the wind direction.

2.10.4 The fields of application of these techniques are very diverse and there is a growing interest for the Wind Doppler lidar technology for the following domain: wind energy for wind resource assessment of a given region, meteorology for the vertical profiling of PBL, industrial impact like nuclear power plants, and also wind hazards for the air traffic management like wind shears and wake vortices. Over the world, there are roughly 500 Doppler lidars that are deployed mostly for wind energy applications. Several operational deployments have also been performed for wind shear detection and a lot of research studies in ATM projects like SESAR in Europe are on-going whose purpose is to handle the risk of wake vortices.
2.10.5 The meeting recommended that: 

· For windprofilers, ET-NTTB harmonises its recommendations with those of CIMO ET-ORS.

· ET-NTTB monitor properties and progress of non-doppler wind lidar technologies and other new developments in these domains.

2.11 Cloud Radars

2.11.1 Millimeter wave radars have been and are applied successfully for many different research topics. These include projects on aircraft icing hazard, climate change monitoring (e.g. ARM) and understanding atmospheric processes and aerosol-cloud interactions (e.g. CLOUDNET). The main benefits of millimeter wave radars over optical remote sensing instruments (e.g. lidar, ceilometer) are their ability to penetrate optically dense clouds and to detect multiple cloud layers. Doppler radars also allow direct assessment of information about cloud droplet size distribution and contribute information on precipitation. Currently roughly a dozen millimeter wave radars – both Ka and W band – are in use for meteorological research. These are either operated at fixed sites or on mobile platforms for specific research campaigns.

2.11.2 To the participants’ knowledge four types of millimeter wave radars are commercially available currently, all of these operated in Ka band. An additional type of radar operated at W band has been announced recently by one manufacturer. To the participants’ knowledge there is no operational application by any National Meteorological and Hydrological Service (NMHS) globally, though some of the aforementioned research systems are operated by research branches of NMHSs. Potential future operational applications at NHMSs include Numerical Weather Prediction (NWP) model verification (cloud output), data assimilation into NWP models and provision of cloud information for forecasters.

2.12 Aerosol and volcanic ash detection

2.12.1 Mr Arnoud Apituley presented a document providing an overview of techniques available for aerosol and volcanic ash detection. It covered both active and passive techniques, some of them being new developments while others are more mature.

2.12.2 Multi-Axis Differential Optical Absorption Spectroscopy (MAX-DOAS) is a technique to measure trace gas amounts in the lower troposphere from ground-based scattered sunlight observations. MAX-DOAS observations have a representative range of several kilometers, both in the horizontal and in the vertical dimension. A two-step retrieval scheme was developed to derive aerosol corrected tropospheric NO2 columns from MAX-DOAS observations. In a first step, boundary layer aerosols, characterized in terms of aerosol optical depth (AOD), are estimated from relative intensity observations, which are defined as the ratio of the sky radiance at elevation α and the sky radiance in the zenith. Relative intensity measurements have the advantage of a strong dependence on boundary layer AOD and almost no dependence on boundary layer height. In a second step, tropospheric NO2 columns are derived from differential slant columns, based on AOD-dependent air mass factors.

2.12.3 Used in a slightly different way, MAX-DOAS allows derivation of information on the aerosol extinction profile and optical/microphysical properties by passive remote sensing. While established passive remote sensing techniques using sun photometers only provide the total optical depth, information on the aerosol vertical distribution is derived from measurements of the optical depth of the oxygen dimer (O4) in addition to the (relative) intensity of diffuse skylight at different viewing directions and wavelengths by MAX-DOAS. The comparison to established techniques measuring aerosol optical properties like the extinction profile and the total optical depth demonstrates that MAX-DOAS has the capability to derive information on atmospheric aerosols. The MAX-DOAS instrumentation has the advantage that relatively simple set-ups can be built at affordable cost. The retrieval, however, in particular when vertical profiles are derived, are indirect and have been known to diverge.
2.12.4 Mr Ludovic Thobois made a presentation on automatic operational lidars equipped with nitrogen Raman and dual polarized lidar that are now commercially available. This kind of sensor combines the benefits of both ceilometer (low cost, hardiness and networking) and lidar systems (low overlap and high measurement range, accuracy on optical properties, capabilities in aerosols detection and classification). These sensors are working at 355 nm wavelength.
2.12.5 The demonstrated technical performance of these sensors is a radial range for elastic channels of between 13 and 20 km for day and nighttime respectively. The range of the Nitrogen Raman channel is 15 km during nighttime and 2 to 3 km during daytime. The common overlap is 150 m. Structure detection based on the two depolarization channels is essential to be able to detect any type of clouds and aerosol layers. The optical properties are retrieved in an accurate way (AOD error less than 10% demonstrated compared to sun photometers) thanks to the Raman channel which allows to determine the lidar ratio and which acts as an auto-calibration and real-time method. Some instrumental and post-processing comparisons have been performed between these systems and their post-processing chains to an Earlinet lidar and the SCC. They showed a very good correlation on extinction and backscatter coefficients.

2.12.6 Aerosol classification can be performed in an accurate way by using depolarization and lidar ratios in 5 different classes (maritime, continental, dust, ash and ice crystals). An automatic algorithm has been able to determine structure detection, optical properties and clouds and aerosols classification. Several cases of clouds, Saharan dust observed in 2012, and ash during the 2011 eruption have been presented. The classification method performs quite well when looking at back-trajectory models.  
2.13 Volcanic Ash Detection
2.13.1 Recent major volcanic eruptions have caused disruption of air traffic. In particular, the eruption of the Eyjafjallajökull, Iceland in 2010, the Grimsvötn, Iceland in 2011 and the Puyeheye, Chili in 2011. According to the Volcanic Ash Advisory Centres (VAAC) the criteria for the decision for safe use of the airspace are:

a) The location of the volcanic ash plume,

b) The height of the volcanic ash plume,

c) The mass concentration of volcanic ash in the plume.

2.13.2 Passive remote sensing techniques, such as satellite imagery are able to detect the location of the ash plume, provided the visibility of the plume is not hampered by presence of clouds. No present remote sensing method is capable of directly estimating ash mass density. All present remote-sensing approaches rely on first estimating the ash optical properties and then using a model of some sort to convert to mass density. In response to the eruption of the Eyjafjallajökull, a lidar technique has been developed that is able to autonomously estimate the volcanic ash concentration on the ash layer based on depolarization lidar measurements (Donovan, Appl. Opt, accepted for publication, 2013).

2.13.3 The meeting recognized that it would be very valuable to carry out an instrument intercomparison targeted at the detection and measure of volcanic ashes. It therefore decided to develop a concept paper/feasibility study that could be presented to the next CIMO session for consideration/approval. 
2.14 LOAC
2.14.1 Mr Jean-Baptiste Renard provided a presentation on the LOAC (Light Optical Aerosol Counter), which is a new generation of aerosol counter/sizer that can be carried by all kinds of balloons. Since 2011, several copies of LOAC were flown under zero pressure stratospheric balloons, low altitude pressured balloons and meteorological balloons. The meeting recommended that intercomparison campaigns with other well-established techniques be carried out to further demonstrate the capabilities of the system, before it could be considered for operational use.

2.15 Others
2.15.1 A new method has been developed to construct country-wide rainfall maps from cellular communication networks. This demonstrates the potential of such networks for real-time rainfall monitoring, in particular in those parts of the world where networks of dedicated ground-based rainfall sensors are often virtually absent. The meeting noted the need to investigate the feasibility of implementing such methods in various countries around the world, in particular with respect to access to (privately owned) data for this purpose.
2.15.2 Bath University recently finished a feasibility study on the application of terrestrial Digital Audio Broadcasting (DAB-T) signals for assessing atmospheric parameters. A similar approach is possible by using a single transmitter and a number of receivers. The meeting was informed that the Met Office has agreed on starting a project to assess the operational applicability of this method in the Financial Year 2013/14.

2.16 Status of testbed monitoring

2.16.1 Mr Won presented a report in which he had summarized the main outcomes of three CIMO Testbeds (TB) and two CIMO Lead Centres (LC) based on the activity reports they provided at the beginning of 2013. The meeting recognized the value of testbeds to perform instrument intercomparisons and testing and therefore recommended that testbeds be further developed to be able to serve as “secondary standards” for remote-sensing instrument intercomparisons. In order to be able to assess the potential of TB to test and/or intercompare specific instruments, a list of the TB instruments and of their specifications would be needed. The meeting recommended that each TB provides such information and that the WMO Secretariat should endeavour to make it available through the CIMO website, possibly establishing a page for each TB and LC.

2.17 Status report on examination of need for update to CIMO Guide

2.17.1 The meeting did not identify any need to update specific part of the CIMO Guide based on the present outcomes of CIMO Testbeds and Lead Centres.
2.18 Status report (SI traceability of remotely sensed atmospheric vertical profiles)
2.18.1 Mr. Masahisa Nakazato presented a report of investigation related to SI traceability of the remote sensing instruments. For ensuring traceability of remote sensing instruments, it is necessary to obtain the calibration certificates issued by the National Metrology Institute (NMI) or other calibration authorities. As reference instruments traceable to SI, the in-situ instruments and radiosondes are usually available although there are some exceptions. 

2.18.2 The meeting recognized that the calibration of the remote sensing instruments should be considered as consisting of two parts, namely the internal calibration and the external calibration (inter-comparison). 
2.18.3 Even though there are several ways to identify the traceability to SI of the remote sensing techniques in the laboratory, especially for the lidar systems as presented by Mr. Nakazato, it is still necessary to organize further field intercomparison experiments to validate the traceability of meteorological data under the real physical environment. CIMO Testbeds facilities should be encouraged to carry out such intercomparison and to consider the use of DIAL as a secondary standard, as it is a self-calibrated instrument.

2.18.4 The meeting recognized that there were some fundamental problems in ensuring the full traceability of some remote-sensing systems, because they are inferring atmospheric variables from other parameters, such as radiances.

2.18.5 The meeting supported the idea to make an intercomparison campaign of available operational ceilometers and lidars in focusing on accuracy of optical properties retrieval, on the sensitivity to detect aerosol layers, on the aerosol classification and on the maintenance and unmanned operations.
3. Requested Action
3.1 CIMO MG-11 is invited to comment on the progress made by ET, to indicate its support for the proposed future activities and to suggest any additional activities that should be pursued by ET during the coming inter-sessional period.
_________________________________________
