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UK MET OFFICE LONG-RANGE LIGHTNING DETECTION SYSTEM
(Submitted by Dr John Nash, UK Met Office and Secretariat)
	SUMMARY AND PURPOSE OF DOCUMENT
Description of progress to date with introduction of a new Met Office long-range lightning detection system, operating in June  2007, with observations likely to be made available internationally in 2008. 



ACTION PROPOSED


The meeting is invited to note the information contained in this document when considering its recommendations.  It is proposed take into account this relatively cheap solution for global thunderstorm detection and lightning location in the future planning for the GOS.

______________
Reference:
CBS-Ext.(06)/Doc. 6.1(2)

Appendices:
A.
Examples of recent hourly lightning detection from the new system (before detection network is complete)

A.1
Europe

A.2
Central Asia

A.3
North Atlantic + North America

A.4
South America

A.5
Africa

B.1
Example of lightning strikes over Africa superimposed on infrared satellite image from MSG

INTRODUCTION

1. The Commission for Basic Systems at its Extraordinary session, Seoul, Republic of Korea, 9–16 November 2006, requested ET-EGOS to consider the potential of long-range ground-based remote sensing lightning detection system proposed by the UK Met Office as a cost-effective component of the evolving GOS. Such systems should be considered complementary to existing lightning detection systems for improving coverage in data sparse regions (including oceanic and polar areas).

2. The capability and the technical description of the Met Office Arrival Time Difference Network (ATDNET) lightning detection system as of June 2007 is presented in the Annex.
ANNEX

UK MET OFFICE INTRODUCTION OF A NEW TECHNOLOGY LONG- RANGE
LIGHTNING DETECTION SYSTEM

1. 
Introduction
1.1
The capability of the Met Office Arrival Time Difference Network (ATDNET) lightning detection system is currently being upgraded with the introduction of new technology throughout the system.  The current system was originally designed to measure cloud to ground strikes over the UK with a location accuracy of about 2 km.  It was designed as a thunderstorm detection system, so it provided the location of nearly all the thunderstorms in Europe that gave cloud to ground strikes, but not all the locations of the flashes associated with the storms. 

1.2
The output from the current system is circulated on the GTS using the SFLOC message and used by many NMS across Europe.  Eight ATD sensors currently provide lightning detection and location over three specific service areas:

· British Isles and North Sea;

· All of Europe and Eastern Atlantic;

· Global area from 70N to 30S as far as possible.

1.3
Nash et al. [2005] describes the limitations of the old system and Keogh et al. [2006] describes the basic principles of the system operations and shows examples of the performance of the old system superimposed on geostationary satellite cloud pictures.

2.
Impact of new technology

2.1
New technology allows a major reduction in the capital cost of the replacement ATDNET system compared to the current system.  Systems with precise timing capabilities are now in general public use, so the ATDNET system can exploit products that are widely used, as opposed to using much more specialized components 20 years ago.  The new ATDNET sensor site is an order of magnitude cheaper than the current system with the new sensing electronics based on a standard PC and two embedded processing cards plus GPS trained rubidium oscillators as time references, see Nash et al. [2005].  The new sensor sites have a much higher throughput of data and so the rates of reporting are no longer limited by the throughput of the sensor sites.  Even during initial testing the number of locations reported in summer in Europe was at least twice as much as for the old system and this is also being achieved in summer 2007.
2.2
Full installation of an ATDNET sensor + site works will not cost more than Euros 40,000.  So, for instance, a 12 station network to give high performance lightning detection over the whole of Africa would not cost more than Euros 500,000 to install.  The hardware costs associated with the central processing computer are not high.  Full operational redundancy in central processing costs about Euros 15,000.  Software development has cost about Euros 500,000, but further development costs to deal with data from a higher number of sensor sites will probably be less than Euros 100,000. 

2.3
The initial plan for ATDNET has funded 7 outstations relevant to observations in Africa [Azores, Gibraltar, Cyprus, a site in West Africa, La Reunion, Upington (South Africa) and one station in East Africa (not yet determined)].  The sites in Gibraltar, Cyprus and La Reunion have been installed, and it is hoped that the remainder will be completed by March 2008.  A further 5 sites need to be installed later to ensure a high quality service across Africa and Arabia. Originally the plan was to operate sensors observing near 10 kHz, but it was found at La Reunion that transmissions in the Indian Ocean were blocking the use of 10 kHz for much of the time, so the frequencies will be changed to about 13.7 kHz.  Efforts are progressing to register this band with the ITU for passive remote sensing of lightning. Following problems in early 2008, notch filtering has been implemented on the new outstations to eliminate interfering signals towards the edge of the frequency band being observed. There are significant amounts of interfering signals that are present during certain seasons and the system can now be adjusted to cope with all signals apart from those in the centre of the observing band. Certain island sites seem to have more spurious signals than normal, and so the sites need to be carefully surveyed before network designs are implemented. This work is probably the main limitation on the current rate of progress.
2.4
Advances in communication technology mean that operational costs can be radically reduced.  The current system has communication costs of about Euros 100,000 per year covering 8 sites.  With the new ATDNET system suitable links to individual sites are costing between Euros 750 and 3,000 per year depending on the type of link.  So the initial 14 sensor network planned for ATDNET should have annual communications costs of about Euros 30,000 per year or less

3.
Collaboration

3.1
Up till now, the UK has agreed on a Memorandum of Understanding with all countries that host an ATDNET sensor site [including at the moment, France, Finland, Germany, Iceland and Portugal]. This method of collaboration may be modified as the network expands with time and wider collaboration sought in financing the operational costs of the system.  The Met Office will be able to provide independent processors for those countries/regions wishing to purchase and implement this type of lightning monitoring in future. It is suggested that a collaborative approach with data from outstations shared between regions would allow the easiest method of operating a widespread and efficient network with the minimum costs to all participants worldwide.

3.2
The SFLOC message that is currently used to circulate SFERIC locations on the GTS is no longer suitable since the locations with this message are far too crude to be reflecting the high accuracy of the current lightning locations, and it is impossible to report the number of locations that the new system is generating.  Thus, the UK wishes to transfer current SFLOC users to an alternative data message that allows the location accuracy to be retained.

3.3
The UK wishes to make suitable arrangements for the dissemination of storm/ flash locations in Africa, Arabia and South America as the performance of the ATDNET system improves with time.  The number of additional sensor sites required achieving the higher detection efficiency and location accuracy performance in these areas is not high.  Similarly the UK is willing to provide equipment and services to extend high quality coverage further into Asia and also across the Pacific Ocean.

4.
Initiation of Operations

4.1
The ATDNET system is currently operating in parallel with the old system. During the summer the new system has again outperformed the current system.  Flash locations for selected hours are shown for five different continental regions in Appendices A.1 to A.5 from 2006.  The effective detection efficiency for the data in Europe during this early test was probably about 70 per cent, and the detection efficiency for the example in Africa is probably about 20 to 30 per cent on average, with detection efficiency near the southern edge of the activity near zero.

4.2
The quality of the long range locations with the new ATDNET network can be judged from Appendix B.1 where the lightning locations have been superimposed on an infrared satellite image from the MSG satellite as a routine monitoring product from the new system.

examples OF LIGHTNING detected in an Hour from testing of the new ATDNET SYSTEM for different continents [using half of planned network sensors]

A.1
Europe
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A.2
central asia
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A.3
NORTH AMERICA
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A.4
SouTH AMERICA
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A.5
AFRICA
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B.1
Example of lightning strikes over EUROPE, Africa and ATLANTIC OCEAN superimposed on infrared satellite image from METEOSAT SECOND generation [msg]
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Clouds are dark colours, LIGHTNING strikes light boxes.
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