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Summary and purpose of document
This document refers to the activities centred on the atmospheric transport modelling, which is the main component of the CTBTO-WMO cooperation. In addition, it refers to another aspect of the cooperation, namely the transfer of the meteorological observations from the CTBTO monitoring networks to the GTS.
This paper investigates a possibility of an additional support of the WMO        RSMCs for the CTBTO noble gas samples. It also presents a possibility of sharing meteorological measurements from the CTBTO infrasound stations with the meteorological community. Finally, it addresses a few scientific questions asking the RSMCs to share their relevant experience. 
Action Proposed  

The meeting is invited to express its opinions on the presented actions as well as to share experience on the scientific aspects of the atmospheric transport modelling activities. 
CTBTO report of activities since the previous ET-ERA meeting in 2013 
1. Introduction
CTBTO uses atmospheric transport modelling simulations to support samples collected at its radionuclide network. These simulations are generally performed in a backtracking mode. They are mimicked with the WMO RSMCs simulations for some samples of interest. Occasionally, mostly in the cases where a source term is known or can be hypothesised, CTBTO also performs forward mode simulations.   
2. Outcome of the previous meeting

At the previous meeting CTBTO invited the RSMCs to gradually move to a new upload mechanism. It is our pleasure to report that all the RSMCs successfully accomplished the transition. The new mechanism uses two communication points (wmogateways) and an sftp protocol. CTBTO interacted with each of the RSMC individually to assist, if necessary, with this transition at their convenience. The moment when all the RSMCs were already using the new upload mechanism in practice the transition was officialised. A new notification message taking into account these changes was prepared. The whole process was intended not to change the structure of the message and only alter the configurable lines. In this way CTBTO wanted to limit software upgrades on the RSMCs' side and avoid amendments to the GDPFS Manual. The new notification message was successfully tested on 3 March 2015 with all the RSMCs. All the request messages issued afterwards use the updated message content, which reflects the new upload mechanism.
CTBTO would like to use this opportunity to thank the RSMCs for their collaboration and flexibility, which enabled us to move to a modern and robust solution.
3. Requests for support

Status
CTBTO continues requesting the SRS fields to support some of the samples collected at the radionuclide particulate network. To report on the requests issued since the previous meeting, there were 20 requests in 2013, 14 in 2014 and, so far, 5 in 2015. 
CTBTO highly values support received from the WMO RSMCs and thanks for the timely and reliable response. 
Future actions: support for noble gas samples
So far, CTBTO has been requesting the WMO RSMCs’ support for samples collected at its particulate network. CTBTO also operates a noble gas network, co-located with some stations of the particulate network, with a purpose of detecting radioactive xenon isotopes. We have been witnessing a rapid development in the noble gas technology over the past years and currently 22 noble gas systems are part of the CTBTO operational pipeline.
Given the growing importance of the noble gas systems as well as a steadily decreasing number of requests for support for particulate samples CTBTO would like to investigate if, in addition to the currently supported particulate samples, the RSMCs would be willing to support selected CTBTO’s noble gas samples with the computations of the SRS fields. These would be similar to what the RSMCs responded to during the NPE2015 (see section 4) but using requests of a smaller size. Secondly, CTBTO would like to explore a possibility of the RSMCs using different modelling configurations for the particulate and noble gas samples, namely depositing and non-depositing tracers, respectively.   
CTBTO will work out technical details on what exactly is needed if the Meeting is agreeable. 
4. Support for NPE2015

CTBTO monitors compliance to the Treaty banning nuclear explosions while verification activities are exercised at a national level through National Data Centres (NDCs).  National Data Centre Preparedness Exercise (NPE) is a periodically held exercise. Its purpose is to enable the NDCs testing of their own capabilities as well as of CTBTO’s products on fictitious but realistic scenarios of an increasing complexity. After a break of a couple of years, this year again, thanks to a tight collaboration between CTBTO and the RSMC Vienna in its role of the National Data Centre Austria, the operational component of the exercise as ensured by the WMO RSMCs became possible. 
Having consulted the chair of the ET-ERA and all the RSMCs beforehand, CTBTO issued requests for support in the framework of the NPE2015, in October and November 2015. A novelty was the presence of noble gas samples in these requests. All the RSMCs participated in the exercise but not all of them were able to answer the noble gas requests. CTBTO issued 12 full requests for support mixing particulate and noble gas samples and 11 containing only the particulate samples. Two among 12 full requests, 10th and 11th, referred in fact to the same exercise day. However, the original one was becoming prohibitive in size and was split into two.

CTBTO received all (but three) requested samples and would like to express gratitude to the RSMCs for their support and patience in responding to these exercise requests in an operational mode.
CTBTO intends to use this opportunity to encourage the NDCs participating in the NPE2015 to use the tools provided by the International Data Centre (IDC) of the CTBTO as well as their own tools in order to investigate diversity of these instances and robustness of the NPE2015 conclusions.
5. Support to Volcanic Ash Advisory Centres 

Since 2005, exchange of correspondence between the ICAO and the CTBTO took place regarding the usefulness of seismic and infrasonic data from the CTBTO networks in support to the international airways volcano watch.

CTBTO together with its partners presented the concept of a Volcanic Notification System based on infrasound technology at the WMO Seventh International Volcanic Ash Workshop (IVAW) held in Anchorage, Alaska from 19 to 23 October 2015.

In conjunction with the capacities in atmospheric transport modelling the detections in the infrasound technology enable forecasting of the propagation of ash cloud plumes. These capabilities were also presented at the International Volcanic Ash Workshop.
One of the recommendations of the workshop was to foster collaboration between CTBTO, WMO and ICAO in support for the Volcanic Ash Advisory Centres (VAACs) activities. CTBTO is currently investigating the mechanism for establishing agreements with ICAO and the VAACs, while the volcano-infrasound community continues to advance the detection capabilities of volcanic eruptions.
6. Status of the transition to an increased resolution global operational simulations

CTBTO has been planning for a couple of years now an increase in resolution of its operational simulations (from 1.0x1.0/3 hours to 0.5x0.5/1hour). When, having removed obstacles beyond our control we could focus on the transition it turned out that the performance time is prohibitive, even for our new operational system.
Profiling simulations let us realise that the pre-processing of the meteorological data consisting in re-casting variables defined on hybrid pressure levels on the altitudes was consuming a considerable amount of time. We contracted external resources in order to extract this pre-processing routine from FLEXPART and gain time. Still, CTBTO has more work to do on this issue, namely to ensure backward compatibility with the past meteorological fields. However, once these activities are achieved, we will enhance our operational system to ingest and output higher resolution information. 
CTBTO will inform the RSMCs three months in advance of the change and ask those RSMCs which would be ready to proceed to gradually increase resolution of their CTBTO products. Possible amendments to the Manual on the GDPFS would have to be considered at a later time.  
7. Assessment of uncertainties

In the CTBTO context the atmospheric transport modelling community has been recently put under an increasing pressure to provide uncertainty estimates for the simulation results. These refer in the first place to the spatial extension of a plume (and more often of a retroplume, in the CTBTO context). But putting an error bar on the values of the activity concentration (or dilution factors) is also very important.

CTBTO would like to enquire what is the RSMCs’ approach and experience with assessing, quantifying and communicating uncertainty in the context of atmospheric transport modelling. Direct experience may not be applicable as CTBTO’s mode of operation differs from the nuclear emergency. We are mostly focussed on past situations for which most often meteorological analyses are already available. However, simulation results are subject to uncertainties and even indirect experience would be valuable.
The ET-ERA meeting is encouraged to share their experience in uncertainty assessment and quantification. If possible, facilitating personal contacts with their own specialists in this domain would be very much appreciated. 
8. High resolution regional atmospheric transport simulations

In some circumstances CTBTO may want to investigate regional atmospheric transport and use for this purpose high resolution meteorological information. Therefore, CTBTO recently installed the mesoscale meteorological model WRF together with the dispersion model capable of ingesting WRF meteorological fields, namely FLEXPART-WRF. We are currently implementing an automatic suite performing high resolution meteorological and atmospheric transport simulations for an event of interest fed into the automatic suite via a configuration file.

CTBTO would be interested in experience the RSMCs have in high resolution modelling, namely in configurations of the WRF model, if relevant. 
9. Transfer of the CTBTO meteorological observations to the WMO
Status

CTBTO collects meteorological measurements at its radionuclide and infrasound stations. At present, using the intermediary of the RSMC Montreal and RSMC Vienna, CTBTO feeds the meteorological observations from its operating radionuclide stations to the Global Telecommunication System (GTS) of the WMO. 

CTBTO assumes its responsibility to ensure best possible quality of the meteorological observations transferred to the WMO. In collaboration with the University of Vienna, IDC hosted an intern, a student of meteorology, to work on the assessment of the quality of the meteorological measurements. This 6-week internship brought already some initial results and more will come as the student will carry on the internship work towards her degree. The findings will be gradually transferred to the station operators with the intention of investigating performance of the meteorological equipment whenever indications of flaws with performance shall be found.  
CTBTO would like to thank RSMC Montreal and RSMC Vienna for their assistance. At the same time CTBTO would like to ask the WMO for advice on the appropriate practices in maintaining the meteorological equipment at the CTBTO stations bearing in mind limited resources, which could be devoted to it.
Future actions: sharing meteorological observations from the infrasound stations

The Treaty foresees 60 operational infrasound stations out of which 48 are certified and continuously send data. Similarly to the radionuclide stations, infrasound stations also include a meteorological component and collect high frequency measurements of meteorological variables. These comprise wind speed, wind direction, temperature and absolute pressure.
Several of those stations can be found in remote locations, in some cases different from those of the radionuclide stations. CTBTO believes that these in-situ measurements from remote locations could be useful for data assimilation. Therefore, CTBTO would be willing to share these measurements in a mode to be determined but using the experience acquired with the transfer of meteorological observations from the radionuclide stations. 

The meeting is invited to express their views on the usefulness of these measurements and the WMO to indicate further steps in order to proceed with the implementation.
10. Meteorological support  for OSI 

Weather forecast
One of the pillars of the Treaty verification regime is the on-site inspection. This activity involves inspection of a limited geographical area (up to 1 000 km2) in a limited time window (up to 130 days) for indications of the Treaty violation. One of the important factors influencing activities of the inspection team is weather and, therefore, a reliable, external to the inspected country, source of weather forecast is crucial to making best use of the time available for inspection.
The needs of an inspection team comprise 
· weather forecast in advance of the inspection for mission planning purposes

· high resolution dispersion simulations for the days preceding inspection 
· high resolution weather forecast during the inspection 
CTBTO would like to inquire if the WMO would be willing to support an inspection team during an onsite inspection or in the framework of a realistic exercise with the weather forecast. 
Meteorological equipment

In addition to the specialised equipment deployed for the purpose of detection of indications of a possible Treaty violation, an inspection team will also deploy meteorological equipment. The purpose of the meteorological observations is two-fold. Firstly, these observations would be used to drive near-field atmospheric transport simulations in support of radionuclide detections. Secondly, they could be used to refine atmospheric flow in the inspection area.  
CTBTO would very much appreciate advise on the meteorological equipment to be used and best practices to be followed in its deployment.    
