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Summary and purpose of document

This document gives an overview of a broad spectrum of ongoing activities undertaken under the auspices of the CTBTO-WMO cooperation. It is focussed on the atmospheric transport modelling but briefly describes meteorological support to the infrasound technology. A background behind the CTBTO-WMO response system and the currently operational CTBTO-WMO Level 5 Support system are presented. Some technical aspects of the cooperation which will require modification in the near future are addressed. An outline of development of future cooperation is sketched. 
Proposed Action

  The Group is invited to comment on the current status and to consider the modifications and actions proposed.

Background
The Preparatory Commission for the Comprehensive Nuclear-Test-Ban Treaty Organization (CTBTO) and the World Meteorological Organization (WMO) have been cooperating fruitfully for more than a decade now. The main thrust of the cooperation is constituted by the activities linked to the modelling of atmospheric transport of airborne radionuclides. Therefore, it falls principally within the competencies of the Coordination Group on Nuclear Emergency Response Activities (ERA). Since it was established in 1996, the Preparatory Commission of the CTBTO has been present at all the ERA meetings. In this document we report on the background and the current status of the ongoing pertinent activities.
As early as in 1997, a group tasked with investigating the areas of common interest for the CTBTO and the WMO was established. Following a report on the substance of a possible future collaboration presented by the group in 1998, the idea was put on an official track during the Tenth Session of the Preparatory Commission held in November 1999. A formal agreement was drafted in 2000, approved by the World Meteorological Congress in May 2003, and entered into force on 11 July 2003.

Under the auspices of the CTBTO-WMO cooperation another agreement, this time between the CTBTO and the European Centre for Medium-Range Weather Forecasts (ECMWF), was also concluded in 2003. This agreement granted the CTBTO a reliable access to the high quality analysed meteorological fields produced by the ECMWF.

Furthermore, a joint CTBTO-WMO response system for the atmospheric backtracking of radionuclides has matured over the years. At the October 2002 PTS Radionuclide Technical Workshop “CTBTO-WMO The Way Forward” (PTS, 2002) a concept of operation has been jointly developed and its feasibility has been tested during several joint exercises conducted in 2003 (PTS, 2004), 2005 and annually since 2007. In doing so a robust CTBTO-WMO Level 5 Support System was developed within the CTBTO-WMO response system and became operational on 1 September 2008. The support System provides the CTBTO with the semi-automated, near real-time results of several independent backtracking results obtained with independent atmospheric transport models. 
The CTBTO, in turn, provides the WMO with the meteorological data collected at the radionuclide stations. Currently, data from certified and data available stations (58 as of 15 May 2010) are transmitted to the Global Communications System (GTS) via the Canadian Meteorological Centre on a daily basis.

CTBTO-WMO Level 5 Support System

The joint CTBTO-WMO response system for atmospheric backtracking has been in operation since 1 September 2008. It is currently, as of 15 May 2010, ensured by 9 meteorological centres:

RSMC Beijing (China)

RSMC Exeter (United Kingdom)

RSMC Melbourne (Australia)

RSMC Montreal (Canada)

RSMC Obninsk (Russian Federation)

RSMC Offenbach (Germany)

RSMC Tokyo (Japan)

RSMC Toulouse (France)

NMC Vienna (Austria)

The system had been thoroughly discussed on the ERA forum before being officially put forward during the ERA meeting in Vienna, in 2006 (De Geer et al., 2006, Wotawa et al., 2006). The aim of the system is to provide support to the in-house calculations in case an anomalous detection of radionuclides in the CTBTO’s network, categorised as level 5, is reported. The centres are committed to confirm a reception of notification and specify whether they have or not the capacity of uploading computational results within 24 hours from a notification.

The response system takes advantage of the source receptor relationship based on linearity of the link between a source of airborne radionuclides and the activity concentrations. The relationship can be computed exclusively on the basis of spatio-temporal characteristics of the measurements. Consequently, the Source-Receptor Sensitivity (SRS) fields which constitute the source receptor relationship can be computed without disclosing the measurement to third parties. Making appeal in these computations to independent sources of meteorological data as well as possibly different atmospheric transport models provides a certain measure of uncertainty of the SRS fields (Becker et al., 2007).
Owing to the cooperation with the Regional Specialised Meteorological Centres (RSMCs) of the WMO such a multi-model ensemble modelling has been in place at the CTBTO since 13 February 2007. It constitutes a basis for in-depth analyses performed by the CTBTO and the National Data Centres assisting the State Signatories in monitoring compliance with the treaty. The analysis takes advantage of the capacities of Web connected Graphics Engine (Web-GRAPE) which is a platform-independent analysis tool developed at CTBTO (Becker and De Geer, 2005). 
It should be noted that the radionuclide analysis software shall be replaced in 2010. No significant change to the frequency of Level 5 detections is expected.
Technical details of the CTBTO-WMO Level 5 Support System are presented in (CTBTO, 2010b).

Periodic exercises of the atmospheric backtracking
The performance of the ATM at the CTBTO is subject to periodic tests.

At the very beginning of the existence of the CTBTO, the atmospheric transport modelling (ATM) operational system was the one inherited from the prototype International Data Centre. The first informal test was carried out as early as in March 1998 and, on Canadian initiative, it also involved the RSMCs from the US and Australia, as well as the prototype IDC. The second test, conducted in May 2000, witnessed already the participation of seven RSMCs.
Following the outcome of the group of experts during the first half of 2001, a development of a totally new ATM system at the IDC was initiated. Since 2004 it has been operating and tested in periodic exercises involving support from the RSMCs. It was validated in three exercises held respectively in 2003 and then twice in 2005, in January and in April/May.

The abovementioned three exercises were not only meant to test the internal system of the ATM at the CTBTO. At the same time they constituted feasibility assessment of the CTBTO-WMO support system and of what was to become the CTBTO-WMO Level 5 Support System. Moreover, the exercise in April/May 2005 was integrated into the System Wide Performance Test whose aim was to assess performance of the verification regime of the CTBTO. This aim was also present in the three most recent exercises in 2007, 2008 and 2009. Moreover, since the CTBTO-WMO Level 5 Support System came into operations on 1 September 2008 a crucial additional feature of the exercises is to assess reliability of the joint CTBTO-WMO backtracking response system. In parallel, the exercises have been integrated into the National Data Centre (NDC) Preparedness Exercise (NPEs). So far the 2008 and 2009 NPEs have fallen into this category.
The details of the two periodic exercises performed in 2008 and 2009 can be found in (CTBTO, 2010b).

Meteorology and the infrasound detection technology
Detection of infrasound constitutes one of the four pillars of the CTBTO verification regime. Detecting capacities are strongly affected by the spatial and temporal evolution of the atmospheric specifications such as wind and temperature. For the needs of developing and assessing these capacities, the CTBTO has introduced the semi empirical G2S-ECMWF model (based on G2S-NRL [Drob, 2003 and 2010]), which merges ECMWF wind and temperature profiles with high altitude (up to about 170km – 1.7432 10-6 hPa) HWM07 [Drob, 2008] and NRLMSISE-00 [Picone, 2003] empirical models. The CTBTO is currently pursuing research on infrasound wave propagation taking into account the atmospheric complexity, and working on integrating near real-time atmospheric specifications in operational daily analysis.

In 2009, the CTBTO started to distribute delayed ECMWF atmospheric data to the authorized users provided an appropriate agreement is signed and the ECMWF notified. These data are intended to be used for CTBT-purposes and related scientific and technical activities. Another CTBTO product containing G2S-ECMWF vertical wind and temperature profiles for specific locations has also been developed. These profiles are calculated for the 60 infrasound stations from the CTBTO network, and at the location of all seismo-acoustic events produced in CTBTO operations. Like ECMWF atmospheric data, vertical profiles are available to CTBTO authorized users on request, after signature of the ECMWF-CTBTO agreement form. So far three National Data Centres have registered to receive atmospheric data.
News from the RSMCs
CTBTO was very pleased to receive a notification from the RSMC Tokyo indicating that the centre is returning to its operational commitment starting on 1 December 2009. From that day on the RSMC Tokyo ensures full support not only in the CTBTO-WMO periodic exercises but also in case of a request to support of a Level 5 sample.
Modification of the current technical solutions at CTBTO
1. CTBTO is currently modernizing its ftp server. In order to meet strict security requirements CTBTO will be using a content management system (Alfresco). All the cooperating RSMCs will be invited to install and test a new upload mechanism. A successful accomplishment of those tests followed by a unanimous technical approval by all the participants will be required before the switch to the new mechanism shall take place. Further details and documentation will be communicated by CTBTO in due course.
2. CTBTO intends to take better advantage of the resolution of the meteorological fields provided by the ECMWF, i.e. to replace the current resolution of 1°x1° with 0.5°x0.5°.  At present it is investigating hardware solutions enabling operational computation and storage of the SRS fields with the enhanced resolution. 
Actions proposed
1. CTBTO intends to test the modifications to the current upload mechanism. It will thus require from the RSMCs installation of its new upload scripts and subsequent testing. It is expected to accomplish the entire process before the 2011 Congress of the World Meteorological Organization so that appropriate changes could be made in the Manual on the Global Data-Processing and Forecasting System.
2. Assessment of feasibility of submitting notifications for Level 5 support in a period of four weeks after the end of the sampling time. Assessment of feasibility of requesting the SRS fields three weeks backwards in time counting from the end of the sampling time. In these rare cases the meteorological centres would be expected to have 7 weeks of meteorological data available.
3. Initial investigation of the feasibility of the RSMCs performing computations of the SRS fields with the enhanced resolution of 0.5°× 0.5°.
References
Becker, A., G. Wotawa, L.-E. De Geer, P. Seibert, R.R. Draxler, C. Sloan, R. D'Amours, M. Hort, H. Glaab, P. Heinrich, Y. Grillon, V. Shershakov, K. Katayama, Y. Zhang, P. Stewart, M. Hirtl, M. Jean and P. Chen (2007), Global backtracking of anthropogenic radionuclides by means of a receptor oriented ensemble dispersion modelling system in support of Nuclear-Test-Ban Treaty verification. Atmospheric Environment 41, 4520-4534.
Becker, A., Wotawa, G. and De Geer, L.-E. (2006), Summing up several CTBTO-WMO experiments in preparation for a CTBTO-WMO response system, CBS/CG-NERA/Doc.8(2)
Becker, A. and De Geer, L.-E. (2005): A new tool for NDC analysis of atmospheric transport calculations, Spectrum Newsletter 7, p19&24. 

http://www.ctbto.org/fileadmin/content/reference/outreach/spectrum_issues_singles/ctbto_spectrum_7/p19.pdf 
CTBTO, (2010b): Report on the CTBTO-WMO operational activities and periodic exercises of the joint response system, WMO Document CBS/CG-NERA/Doc 8.1(2)
De Geer, L. –E., Wotawa, G. and Becker, A. (2006), A CTBTO-WMO response system, WMO Document CBS/CG-NERA/Doc.8(1) 

Drob, D., Picone, J.-M. (2003), Global Morphology of Infrasound Propagation, Journal of Geophysical Research, 108 (D21), 4680, doi:10.1029/2002JD003307.

Drob, D. P., et al. (2008), An empirical model of the Earth's horizontal wind fields: HWM07, J. Geophys. Res., 113, A12304, doi:10.1029/2008JA013668.
Drob, D., Garcès, M., Hedlin, M., Brachet, N. (2010), The Temporal Morphology of Infrasound propagation, Pure and Applied Geophysics, doi:10.1007/s00024-010-0080-6.
Picone, J.-M., Hedin, A., Drob, D., and Aikin, A. (2003), NRL-MSISE-00 Empirical Model of the Atmosphere: Statistical Comparisons and Scientific Issues, Journal of Geophysical Research,doi:10.1029/2002JA009430. 

PTS (2004), CTBTO-WMO Experiment on Source Location Estimation. PTS Technical Report, July 2004, CTBTO/PTS/TR/2004-01, 77pp.
http://fts.ctbto.org/atm/WMO-Cooperation/Reports/TR-2004-1/IDC-TR-2004-1.pdf 
PTS (2002), Radionuclide Technical Workshop: CTBTO-WMO The Way Forward, 16-18 October 2002, Final Report, 10pp.

http://fts.ctbto.org/atm/ctbto-wmo-cdrom/W_CTBTO_WMO_WS_Final_Report/FinalReport.pdf
Wotawa, G., Becker, A. and De Geer, L.-E. (2006), Proposal for a technical implementation of the CTBTO-WMO atmospheric backtracking response system for CTBT verification purposes, WMO Document CBS/CG-NERA/Doc.8
