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Executive summary 
ATDnet is the Met Officeôs (UKôs national weather and climate service) operational 
lightning detection network. It operates by detecting the Very Low Frequency (VLF) radio 
waves transmitted by a lighting stroke, called ñatmosphericsò or simply ñsfericsò. The 
propagation of the sferics can be several thousand kilometres allowing for a relatively 
dispersed network to have some detection capabilities over a very large area. The 
accuracy of the location of lightning strokes is not only a function of detection of the 
sferics but of the relative network geometry. 

A review of the literature has been conducted and included alongside some new results 
to investigate ATDnetôs current performance, in terms of relative detection efficiency 
(DE) and location accuracy (LA). The review used data from a range of sources, 
including long- and short-range ground-based networks and space based lightning 
location instruments. It was concluded that the network is effective over Europe with a 
DE of 80-90% of CG flashes and 40-60% CG strokes. ATDnet median location accuracy 
relative to reference systems was in the order of 1-3 km. The network also shows some 
coverage in other areas; 10-15% DE of TRMM-LIS flashes over the West Atlantic, 5-
10% in northern and western Africa and approximately 5% in more distant regions like 
South America and the South Atlantic. The Long Wave Propagation Code (LWPC) was 
used along with a location accuracy model to model the operational ATDnet results for 
both a DE proxy and LA. 

Meteosat Third Generation (MTG) will include a lightning imager (LI) instrument. This 
new instrument will provide lightning data over a substantial part of the Earth including 
Europe, Africa, Atlantic Ocean and parts of south America. To enable validation and 
calibration it may be useful to have a near consistent conventional ground-based 
network. A first order modelling feasibility assessment has been conducted by modelling 
different scenarios of network, until coverage over the MTG LI domain is comparable to 
ATDnet in Europe. 

To model a potential network to cover the MTG LI domain the domain was first splint into 
five regions (excluding ATDnet region). Each region was modelled first using the LWPC 
increasing the number of receivers until the assumed DE proxy was acceptable over the 
whole domain. The location accuracy model was then run to ensure that the LA was also 
acceptable. When the LA was found to be too low an iterative approach of adding more 
receivers and running the LWPC and LA models was taken.  

The modelling results show that over most of the MTG LI domain it is feasible to provide 
coverage approximately equivalent to ATDnet over Europe. This would require 63 
additional receivers. 

It would not be feasible to add 63 new receivers into ATDnet. The Met Office is currently 
running a project to replace ATDnet with LEELA. Some of the advantages of LEELA 
includes significantly reduced installation and hardware costs, and a more flexible 
central processing system providing the flexibility to add an arbitrary number of new 
receivers. This would still be a significant undertaking, with hardware manufacture, site 
identification (including surveys) and installation each being a notable piece of work. 
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Introduction 
There has recently been  significant interest in space-based lightning location 
instruments. TRMM LIS, ISS LIS and the NOAA OTD (1995-2000), GOES-16 and 
GOES-17 instruments have all demonstrated the possibility of detecting lightning from 
space. In Europe EUMETSAT has a planned an instrument on the Meteosat Third 
Generation (MTG), the Lighting Imager (LI). The first launch of MTG LI is currently 
planned for the end of 2021. The LI will have four sensors covering four sectors centred 
over 0° lat, 0° lon with an overlap between each sensor sector. The planned coverage 
area of MTG LI is shown by the blue shapes in figure 0.  

 

Figure 0. The Meteosat Third Generation Lightning Imager domain shown in blue with 
the regions to model being shown in red. 

The EUMETSAT community are interested in the options available for ground-based 
measurements of lightning. From previous work (Enno et al., (2016b)), it is known that 
the Met Office operational lightning location network, ATDnet, does not have sufficient 
detection efficiency (DE) or location accuracy (LA) over a significant part of the MTG LI 
domain. This project contains two tasks; the first to conduct a literature review into what 
is known of the ATDnet DE and LA; the second to conduct a modelling exercise of both 
VLF propagation and location accuracy to develop the design of an ATDnet like network 
with coverage over a significant proportion of the MTG LI domain. 

ATDnet is being retired. The currently being developed operational replacement for 
ATDnet will be LEELA. Whilst different in the technologies used LEELA is fundamentally 
similar to ATDnet in the physics that applies. Therefore, the conclusions drawn here can 
be directly related to LEELA. 

ATDnet 
ATDnet is a Very Low Frequency (VLF) long-range lightning location system (LLS) 
operated by the Met Office. The network locates lightning discharges using the Arrival 
Time Difference (ATD) method (Lee, 1986). The current ATDnet consists of 
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approximately 10 sensors in and around Europe operating at the central frequency of 
13.733 kHz. 

ATDnet sensors detect óóatmosphericsôô, also referred to as ñsfericsò. Sferics are 
electromagnetic waves in the VLF range that propagate in the earthïionosphere 
waveguide and are generated by cloud-to-ground (CG) return strokes and powerful 
cloud lightning (IC) pulses (Rakov and Uman 2003). The system takes the advantage of 
the long propagation paths of sferics to cover large areas with only a limited number of 
sensors.  

Arrival time differences (ATDs) between peak amplitudes of sferics at a minimum of four 
contributing sensors are needed for an unambiguous lighting location solution. All 
detected locations (also referred to as ófixesô) are classified as ógoodô or ópoorô using 
predefined signal quality and theoretical location error thresholds. Only ógoodô fixes are 
used in ATDnet data products and disseminated to customers.  

The effective range of ATDnet encompasses Europe, northern Africa, and northern parts 
of the Atlantic. The system also detects some lightning in central Africa, South America, 
the South Atlantic, the eastern coast of North America and in Asia. ATDnet was 
originally designed to detect CG lightning return strokes but it can also detect powerful 
IC pulses within its effective range.  

ATDnet provides continuous lightning data over a large spatial domain in the field of 
view of MTG Lightning Imager (MTG-LI). Thus, there is a potential for using ATDnet for 
evaluating MTG-LI performance. Before using ATDnet as a reference system it is useful 
to know its main performance characteristics.  
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Methods 
This section provides some background and methods used for the study. Split into two 
sections; Review of ATDnet Coverage, which contains the methods and descriptions 
used for the review of ATDnet coverage and Modelling which contains the methods and 
descriptions used for modelling an expanded ATDnet like network. 

Methods for the Review of ATDnet Coverage 
There are two widely used parameters for describing the performance of lightning 
location systems, detection efficiency (DE) and location accuracy (LA). Detection 
efficiency is used to quantify the fraction of detected strokes or flashes compared to the 
real number of occurred strokes or flashes. A flash DE is likely to be higher than a stroke 
DE, as a flash is considered to be detected even if only one stroke of the flash was 
detected (e.g., Rakov 2013). Depending on the nature of the reference data, absolute or 
relative DE could be measured. 

The absolute detection efficiency is very difficult to measure, as it requires a method of 
observation that detects every flash or stroke (e.g. rocket-triggered lightning, strikes to 
tall structures and video observations), in order to be compared with the LLS being 
assessed. As a result, the number of available ATDnet absolute DE estimations is very 
small. Relative DE is much easier to measure. One lightning dataset is taken as ñtruthò 
and the detection efficiency of the other network is calculated by dividing the number of 
coincident strokes or flashes by the total number detected by the reference network. 
ATDnet relative DE has been measured against many lightning location systems in 
Europe and further away.  

Location accuracy indicates how precisely the location of lightning can be determined. 
Location accuracy can be measured using three different methods: (1) comparison 
between two or more different LLSs, (2) comparison of video and LLS observations, and 
(3) comparison of LLS locations to known strike points (Mäkelä et al., 2016). Method 1 is 
most widely used but it gives only the relative LA of the test network against the 
reference network and location errors of the reference network are ignored. Method 3 is 
the most objective method, but its usage is limited by the small number of known ground 
strike points. ATDnet LA studies normally measure relative LA using method 1.  

Lightning location systems can be divided into four main types: long-range LLSs, short-
range LLSs (sometimes divided into medium-range and short-range systems), lightning 
mapping arrays and satellite-based optical detectors (can be divided into low-earth 
orbiting and geostationary). Each type is characterized by different detection efficiency 
and location accuracy ranges that are summarized in Table 1, for more details see e.g. 
Nag et al. (2015).  
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Table 1. Main performance characteristics of different types of lightning location 
systems.  

LLS type Sensor 
baseline 

Detected 
lightning 
processes 

Flash DE Median LA 

CG IC 

Long-range Thousands 
of km-s 

CG return 
strokes and IC 
pulses 

10 to 
90% 

<25 to 
30% 

1 to >10 km 

Short-range 50-400 km CG return 
strokes and IC 
pulses 

85% to 
>95% 

50 to 
75% 

100 to a few 
hundred 
metres. 

Lightning 
Mapping Array 

10-40 km Leader steps >95% >95% Tens of 
metres. 

Optical imager A satellite-
based sensor 

Optical emission 70-90% ~10 km 

 

  

Methods for the Modelling an Extended ATDnet Like Network 
As discussed in the methods for the Review of ATDnet coverage, the key parameters of 
any Lightning Location Network are the Detection Efficiency and Location Accuracy. It is 
currently not possible to model these values holistically for a long range VLF network like 
ATDnet or LEELA. The Met Office has used a theoretical LA mapping method as applied 
in Enno et al (2016b). This location accuracy model makes some simple assumptions 
i.e. all receiver locations will be used for all lightning fixes, whilst this is true over a small 
region it is obviously incorrect for larger areas. For DE a method has been devised at the 
Met Office to use the Long Wave Propagation Code (LWPC) to model any given network 
geometry and region of the world. A lightning source is synthesised in a regular 
longitude-latitude grid over the region of interest. The propagation of the VLF signal to 
the receivers is then modelled using the normal LWPC codes. A day time ionosphere 
was used for this project which should result in the most pessimistic view of VLF 
propagation, although it should be noted that the location of the terminator can cause 
some irregularities in the propagation and therefore the network response to a given 
lightning event is somewhat unpredictable. The LWPC also contains a model for the 
conductivity of the earth surface, this along with the ionosphere characteristics 
determine the waveguide in which the VLF signal will travel. 

For simplicity and efficient modelling, the MTG LI domain was split into 5 approximate 
domains (excluding the area already covered by ATDnet), as shown in Figure 0. These 
are roughly described as, 

¶ Africa, extending from the Mediterranean southwards over the land area of 

Africa, including Madagascar. 

¶ South Atlantic, extending from the west coast of Africa to the east coast of South 

America, below 15 degrees N and above 60 degrees S. 

¶ South America, covering a region from the east coast of South America to 74 

degrees W, between 30 degrees S and 15 degrees N, including the countries, 



Draft 

             

 

8 

© Crown copyright 2011 

 

Brazil, Paraguay, Bolivia, Colombia, Venezuela, Guyana, Suriname and French 

Guiana 

¶ North Atlantic, extending from the west coast of Europe to the east coast of North 

America, below 75 degrees N and above 5 degrees N. 

¶ Eastern Europe, covering a region East of 15 degrees E and west of 54 degrees 

E and between 25 and 75 degrees N.  

The signal strength required for each receiver to be considered a hit for a given lightning 
event can be tuned to a known network configuration. It is also known how many 
receivers are required to create a lightning fix, therefore for any given lightning event 
location and any given configuration of receivers it can be shown whether the sferic from 
the lightning would be detected. To tie this to a known lightning location network DE the 
information found in the review of ATDnet coverage above was used. 

The approach taken was to begin with the nearby receivers either from ATDnet or 
previously modelled regions and add additional receivers in a course area around the 
outside of the region. Very few other factors were considered, mainly restricting the 
locations to population centres. Where it was possible capital cities were chosen as 
theyôre likely to have the infrastructure required for a receiver site (communications 
links). Where no suitable capitol city was near the required location other population 
centres were considered. In some circumstances no available location could be found 
and these are noted in the analysis below. 

When a network geometry has been found where the effective DE is deemed to be high 
enough, the large region is split into small areas in which only a subset of the receivers 
would receive any sferic. These sub-regions and subset of receivers are then each run 
through the LA model. The results for each LA model are amalgamated together to 
create a single consistent output for each region (and the global output below). This 
amalgamation takes each grid point from the model and assigns the final value to the 
lowest (the best case) from any of the models that has output in that grid point. 
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Results of Review of ATDnet Coverage 
ATDnet performance has been evaluated mostly against short-range lightning location 
systems. This is technically very easy as both detect CG return strokes and IC pulses 
and record them as points in space and time. It is also scientifically justified as short-
range systems normally have higher DE and better LA. Comparisons against lightning 
mapping arrays are probably the best way to assess absolute DE as LMAs rarely miss 
flashes. However, only one such  study is available due to the complexity of matching 
ATDnet and LMA observations, as the systems observe different lightning processes.  

ATDnet has also been compared against other long-range systems and satellite-based 
optical lightning detectors. Such studies are useful for learning more about similarities 
and differences of LLSs that cover large areas, including the oceans. There are certain 
limitations, e.g. satellite-based sensors are not suitable for evaluating ATDnet LA as they 
are characterized by larger location errors than ATDnet (the opposite can be done). At 
the same time, they offer a good reference dataset for evaluating ATDnet DE over large 
areas.  

The rest of the chapter presents the results of the main ATDnet evaluation studies 
during the last ten years in  chronological order. It must be considered that some earlier 
analysis, although published in 2010, use ATDnet data prior the latest major upgrade in 
2008. It is assumed that the system was characterized by somewhat lower DE and 
larger location errors before the upgrade. It is also important to consider that only ógoodô 
fixes that are used in ATDnet data products and disseminated to the customers are used 
in DE and LA studies.  

It should be noted that only studies that were available to the authors were used. This 
results in some notable omissions, there is no detailed in-depth study of ATDnet vs 
GLD360 or LINET. Although some results against GLD360 are discussed below. It 
would be a valuable addition to the community to have further study of these networks. 

 

ATDnet vs Meteo France 
Seven days of detected strokes by ATDnet over France were compared with the French 
lightning detection system in summer 2007 (Gaffard et al., 2008). The French system 
was a short-range system that used broadband VLF/LF (~1-350 kHz) lightning emission. 
It consisted of IMPACT sensors developed by Vaisala and software developed by 
Météorage. 

The two systems detected about the same number of events on a daily basis and the 
general patterns of observed storm locations were similar. On average over the week, 
ATDnet detected 6% more strokes than Meteo-France. ATDnet DE relative to Meteo-
France was clearly lower at night (Fig. 1). 85,197 strokes were matched between 
ATDnet and Meteo-France, with a mean measured distance between each pair of 4.9 
km and standard deviation of 5.1 km. The measured location error was larger at night 
(Fig. 2).  
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Figure 1. Diurnal variation of number of strokes detected in 30-minute intervals by 
ATDnet (green) and Meteo-France (red), averaged over a week in summer 2007. Time 
in UTC (Gaffard et al., 2008). 

 

Measured location errors were compared with theoretical location errors provided by 
ATDnet central processing for every detected lightning location. Theoretical location 
errors are computed as the root- mean-square of the major axis and the minor axis of 
the error ellipse in which a detected lightning event is located with a 95% probability. 
Theoretical and measured location errors agreed well during the day whereas 
underestimation of theoretical location errors was obvious at night (Fig. 2).  
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Figure 2. Diurnal variation of measured (black) and theoretical (red) ATDnet location 
error for co-located strokes over France over a week in summer 2007 (Gaffard et al., 
2008). 

 

 

ATDnet vs ALDIS 
Seven days of detected strokes by ATDnet over Austria were compared with the 
Austrian Lightning Detection and Information System (ALDIS) in summer 2007 (Gaffard 
et al., 2008). ALDIS is a short-range system that uses broadband VLF/LF (~1-350 kHz) 
lightning emission. 

ALDIS recorded approximately twice as many lightning strokes as  ATDnet with ~50% of 
the ATDnet fixes co-located with those of ALDIS. The fraction of ALDIS strokes detected 
by ATDnet was clearly higher towards higher peak amplitudes (Fig. 3). This trend was 
absent in the comparison against Meteo-France, the reason is unknown.  
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Figure 3. Stroke amplitude distribution (relative to total strokes for each dataset) with 
green denoting all strokes measured by ALDIS and black being strokes which were also 
detected by ATDnet. 

 

 

ATDnet vs NORDLIS August 2007 
NORLIS is a combination of Finnish, Swedish, Norwegian and Estonian lightning 
location networks operating Low Frequency (LF) Vaisala sensors.  

Data from ATDnet and NORDLIS were compared between 9-18 August 2007 in a 
geographical area bounded by 57-66°N, 17-29°E (Bennett, 2010). The two datasets 
were compared directly by identifying coincident cloud-to-ground lightning strokes 
detected by both networks. Coincident was defined as a stroke time difference of less 
than one millisecond. This selection produced a reasonably large sample size (28,761 
coincident CG lightning strokes) over the ten days (Fig. 4).  
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Figure 4. Venn diagram representing the total CG strokes located by both networks and 
the proportion of those which were coincident, defined as having a source time 
difference of less than 1ms and within the comparison region (Bennett, 2010). 

 

The total number of ATDnet strokes in the study area during the 10-day period 
constituted 57% of that for NORDLIS. ATDnet was clearly more sensitive to NORDLIS 
strokes with higher peak current with only ~25% of 10kA strokes detected by ATDnet, 
compared to ~70% of 50kA strokes. ATDnet also appeared to have lower detection 
efficiency for weak to moderate positive CG strokes compared to negative (Fig. 5). The 
reason for this slight polarity relation to detection efficiency is not clear. 

Obvious diurnal variations in ATDnet detection efficiency (DE) relative to NORDLIS were 
observed. During the night, ATDnet relative DE dropped to less than 40% whereas 
during the day it was mostly 60-90% (Fig. 6). The diurnal variations were attributed to 
the modal interference where the secondary propagation mode, which travels over a 
greater distance at night, interferes with the primary mode and causes waveform 
distortion leading to poor correlation and associated reduction in the number of strokes 
passing quality control.  

The modal location difference between ATDnet-NORDLIS matches was 1-1.5 km, with a 
median value of 4.5 km. Large location differences were preferably orientated in the 
east-west direction, which is in line with the network geometry (Fig. 7).  
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Figure 5. Detection efficiency of ATDnet compared to NORDLIS as a function of 
lightning peak current (Bennett, 2010). 

 



Draft 

             

 

15 

© Crown copyright 2011 

 

 

Figure 6. Diurnal variation of ATDnet detection efficiency relative to NORDLIS, 
averaged over the ten-day case study (Bennett, 2010). 
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Figure 7. Coincident ATDnet and NORDLIS stroke location difference contour plot for all 
coincident strokes. Red denotes maximum number concentration (Bennett, 2010). 

 

 

ATDnet vs BrasilDAT 
ATDnet theoretical location accuracy model was assessed by comparing ATDnet 
lightning stroke locations to cloud-to-ground strokes detected by a local network 
covering southern Brazil (Bennett et al., 2010). The network (BrasilDAT) is a highly 
accurate short-range LLS (typical error <1km) and was used as an indicator of actual 
stroke locations. Strokes coincident in time (<1ms) between ATDnet and BrasilDAT were 
collected during 1-10 January 2008 and their vector differences in location calculated. 
Note that ATDnet detection efficiency was not assessed in that study.  

The distribution of observed location errors was in close agreement with the theoretical 
ellipse, which would represent the area enclosing ~70% of data (Fig. 8). Minor deviations 
in the orientation of observed location error along axis are due to the use of different 
sensor sites by the ATDnet algorithms. Larger location errors were observed during the 
day (peak around sunrise) and smaller at night as ATDnet phase and group velocity 
were tuned for the night time ionosphere back then.  
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Figure 8. Colour density of observed ATDnet location errors (derived using coincident 
strokes with the BrasilDAT network), with the theoretical ATDnet location accuracy 
model error ellipse for Southern Brazil superimposed (black line). The ellipse is centred 
on the modal observed location error. Data collected during 1-10 January 2008. The 
scatter plot is coloured according to event density with red being most dense (Bennett et 
al., 2010). 

 

 

ATDnet vs WWLLN 
The World Wide Lightning Location Network (WWLLN) is a long range network mainly 
supported by academia. Whilst they have a relatively large number of receivers (~60) 
giving global coverage to some degree it is unclear how consistent the coverage in 
terms of DE and the low density of receivers will result in a lower LA than ATDnet (over 
Europe). 

Bennett (2011) compared ATDnet WWLLN in the tropical North Atlantic Ocean during 
January and June 2010. The study area was defined as 5°S-20°N and 10°W-60°W. All 
ATDnet and WWLLN strokes less than one millisecond apart were considered as 
matches, no additional spatial coincidence threshold was applied. There were 83,733 
matching ATDnet and WWLLN strokes in the study area during January and 197,808 in 
July.  

The results revealed that ATDnet detected approximately three times the number of 
strokes compared to WWLLN (Fig. 9). Of the WWLLN totals, approximately 80% were 
coincident with ATDnet. The modal location differences of matching fixes were 10.0 km 
and 11.5 km for January and June respectively (Fig.10). ATDnet strokes were 
predominately located either to the southwest or northeast of their corresponding 
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WWLLN strokes. This is in line with the dominant spatial error ellipses of ATDnet for the 
comparison region, which can be calculated according to network geometry. 

 

 

Figure 9. Lightning stroke density for January (left) and June (right) 2010 in the 
comparison region for ATDnet (top) and WWLLN (bottom) (Bennett, 2011). 

 

 

 

Figure 10. The distribution of coincident location difference vectors between ATDnet 
and WWLLN for January (left) and June (right) 2010. Maximum density (e.g. modal 
vectors) represented by red areas, with individual values shown in blue (Bennett, 2011). 

 

There was no clear diurnal variation of WWLLN detection efficiency relative to ATDnet 
during June, with WWLLN detecting ~30% of ATDnet strokes throughout the day. A 


