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Two years ago, Vaisala began an ambitious project to
re-build the National Lightning Detection Network
(NLDN) by replacing more than 100 early generation
sensors with new, more sensitive lightning sensors to
improve network performance and expand applica-
tions. Initial third-party validation studies indicate
that the network is operating better than ever with
minimum 90 percent flash detection efficiency.
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O ver the past two years,
Vaisala has invested in
the most sweeping up-

grade yet of the NLDN with the
installation of new Vaisala IM-
PACT ESP Lightning Sensors at
sensing stations throughout the
continental United States. These
new sensors replaced more than
100 of the first generation IM-
PACT Lightning Sensors and
older LPATS III Lightning Sen-
sors.

The main goals of the up-
grade were to:

● Improve network perfor-
mance by using newer sensing
technology

● Minimize maintenance

and sensor downtime by replac-
ing aging sensors and sensing
station equipment

● Build a stronger base for
future improvements, including
cloud lightning detection oppor-
tunities

Pre-Upgrade Operations
In the early 1990s, the NLDN
consisted of early generation
magnetic direction finding sen-
sors. The network detected 65 to
80 percent of cloud-to-ground
lightning discharges with loca-
tion accuracy ranging from 2 to
4 kilometers. 

The first major upgrade proj-
ect to the NLDN began in 1994
and was completed in 1995.
Vaisala – then Global Atmos-
pherics – partnered with the
Electric Power Research Institute
to improve network perfor-
mance to produce operational
benefits targeted at the electric
utility industry. Electric power
utilities needed more detailed in-
formation and more accurate
lightning locations to design
more effective lightning protec-
tion to improve the reliability of
transmission and distribution
systems. The focus of the 1994-
1995 upgrade project was to:

● Report strokes as well as
flashes

● Improve location accuracy
● Increase percentage of

lightning discharges detected
● Report peak current esti-

mates for cloud-to-ground light-
ning strokes

The primary means to
achieve these goals was to em-
ploy the latest lightning sensor
technology; a combination of
time-of-arrival and magnetic di-
rection finding methods in a sin-
gle sensor, the original IMPACT
Lightning Sensor. At the com-
pletion of the 1994-1995 project,
the network consisted of 47 of
the new combined technology
sensors and 59 of the existing
time-of-arrival sensors. In central
processing, the location and
stroke processing algorithms
were also refined and
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U.S. National 
Lightning Detection 
Network® Backgrounder

W eather forecasters in both public and private
sectors use real-time lightning maps and indi-

vidual lightning stroke characteristics from the NLDN®

to closely monitor thunderstorm development,
strength, and paths for more accurate severe weather
forecasting and for issuing warnings. NLDN users in-
clude the National Weather Service, NASA, FAA, and
other government agencies. Operations that are affect-
ed by lightning and thunderstorms – electric power
utilities, airports, telecommunications, explosives han-
dling and others – rely on NLDN lightning data to tell
which facilities are at increased risk from thunder-
storms.

NLDN information is used for monitoring current
conditions and for studying past events. Since 1989, the
NLDN has reported more than 20 million cloud-to-
ground lightning flashes that occur every year, creating
a comprehensive archive of lightning data used for sta-
tistical and forensic analysis.

NLDN data is available to subscribers through vari-
ous lightning mapping software and Internet lightning
tracking services. These application tools are specialized
for real-time lightning tracking and warning or for
analysis of past lightning activity. Real-time data is deli-
vered by satellite broadcast or TCP/IP. Historic lightning
data is delivered by CD or via traditional Internet pro-
tocols. ●

Image shows 24 hours of lightning data from the U.S. National
Lightning Detection Network
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improved.
The result of the 1994-1995

project was a new flash detection
efficiency of 80 to 90 percent
and 500-meter median location
accuracy. The results of the 1994-
1995 upgrade were verified by in-
dependent validation studies.

Upgrade Calls for 
All New Sensors
A combination of aging equip-

ment and the desire to improve
performance by using more ad-
vanced technology led to initial
planning of the next system-
wide upgrade. After more than a
year of planning and develop-
ment, work began in November
2001 to install new and more ad-
vanced Vaisala IMPACT ESP
Lightning Sensors throughout
the network. The new sensors
would replace the old sensors
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NLDN Timeline
1984-1989: Three separate regional lightning networks
develop and operate at various locations. These networks
using early direction finding methods for lightning detec-
tion

1989: Regional networks share data to establish a na-
tional network, the NLDN. This cooperative project is
funded by the Electric Power Research Institute (EPRI) and
operated by the State University of New York (SUNY) at
Albany. For the first time, real-time data is available to
users across the country. This will allow the first time ever

1991: Real-time and historic lightning data becomes
commercially available.

1993: NLDN Network Control Center is moved to its cur-
rent location in Tucson, Arizona.

1994: Comprehensive customer research leads to the de-
velopment of new, more powerful lightning display and
lightning analysis software.

1995: First major system-wide upgrade completed with
project partner EPRI. This upgrade added new lightning
sensors that combined magnetic direction finding and
time-of-arrival detection methods in a single sensor, the
original IMPACT Lightning Sensor. NLDN began reporting
flashes and individual return strokes within a flash. Flash
detection efficiency increased to 80-90% with median
stroke location accuracy of 500 meters.

1996-1999: Commercial applications of historic light-
ning data proliferate in electric power, insurance, and
other industries as a result of improved location accuracy
and application-specific software developments.

1998: The Canadian Lightning Detection Network,
owned by Environment Canada, is completed. Operations
for the CLDN are combined with NLDN operations in Tuc-
son. The lightning data from the NLDN and CLDN sensors
– close to 200 sensors –are processed on a single process-
ing platform.

2000: NLDN real-time and historic lightning data is avail-
able on the Internet in several application-specific for-
mats.

2003: Second major system-wide upgrade completed
with replacement of aging sensors and earlier sensing
technology with new, more advanced, third generation
Vaisala IMPACT ESP Lightning Sensors throughout the
network. Preliminary evaluations indicate overall mini-
mum 90% flash detection efficiency and 60-80% stroke
detection efficiency. ●

Distinguishing Flashes and Strokes

NLDN lightning flash data provides time, location, polarity,
first-stroke amplitude, and multiplicity of each cloud-to-
ground lightning flash. However, research has shown that
there can be up to 20 return strokes that make up a flash and
these strokes often strike the earth in different locations up to
several kilometers apart. NLDN stroke data provides time, lo-
cation, polarity, and amplitude of these strokes, providing the
very detailed data needed for in-depth lightning analysis and
lightning incident investigations. Flash data is most often used
for general trending of lightning events; stroke data is critical
for understanding specific incidents.

Key Performance Measurements
• Median stroke location accuracy: 50 percent probability error
for locating a cloud-to-ground stroke
• Flash detection efficiency: Percentage of cloud-to-ground
lightning flashes detected by the network
• Stroke detection efficiency: Percentage of all return strokes
within a flash detected by the network

Today’s NLDN consist of 113 lightning sensor locations across the
continental U.S. 



and several new sensor locations
and relocations were planned to
optimize network geometry.

The combined magnetic di-
rection finding and time-of-ar-
rival sensing technology em-
ployed by each new IMPACT
ESP sensor raises the benchmark
for NLDN performance. This
more advanced combined tech-
nology replaces the now outdat-
ed, stand-alone time-of-arrival
technique and also updates the
original IMPACT sensors. The
IMPACT ESP – the third gener-
ation of the IMPACT sensor –
has improved sensitivity, shorter
dead time (less than 1 millisec-
ond), and more processing pow-
er than its predecessor. Like ear-
lier versions of the IMPACT
sensor, the new sensor employs
both electric and magnetic field
sensing to provide both arrival
time and azimuth information
for each detected lightning dis-
charge.

A network of these new sen-
sors can detect survey-level
amounts of cloud lightning, de-
pending on sensor spacing. This
cloud lightning capability offers
an important step toward more
timely and more accurate now-
casting and forecasting since
cloud lightning is a typical pre-
cursor to cloud-to-ground light-
ning as well as an indicator of
heavy precipitation, downbursts,
and other weather hazards.
Cloud lightning is a valuable
weather element used by avia-
tion professionals, meteorolo-
gists, and others to issue thun-
derstorm warnings faster and
more accurately by identifying
thunderstorms earlier and pro-
viding more detailed storm in-
formation.

Cloud lightning detection
capabilities using either the IM-
PACT ESP sensors or its 2004
successor, the Vaisala Thunder-
storm Total Lightning Sensor
LS8000, is currently being evalu-
ated.

Preliminary Results
Median stroke location accuracy
of the NLDN is scientifically

validated at 500 meters. The
2002-2003 upgrade may have
improved location accuracy in
some regions, especially bound-
ary areas, but location accuracy
improvements are expected to
be incremental and are currently
undergoing re-validation.

In 1998, flash detection effi-
ciency was scientifically verified
to range from 80 to 90 percent
for those events with peak cur-
rents above five kiloamps, vary-
ing slightly by region. 

As of March 2004 the actual
performance of the NLDN is
still being confirmed by inde-
pendent scientific evaluation,
but preliminary evaluations and
statistical models look promis-
ing. 

One evaluation project us-
ing digital video cameras with
GPS time synchronization con-
ducted by Kenneth E. Kehoe
and University of Arizona pro-
fessor E. Philip Krider around
Tucson, Arizona – at a boundary
of the network – during the sum-
mer of 2003 determined that av-
erage NLDN flash detection effi-
ciency for 18 storms near Tucson
was about 95 percent and stroke
detection efficiency was about
78 percent. A paper on this
study is scheduled for presenta-
tion at the 18th International
Lightning Detection Conference
in June 2004.

Observations in these other
areas are also being evaluated:

● Higher multiplicity
● Detection of smaller medi-

an peak current
● Lightning type classifica-

tion for strokes below 10 to 20
kiloamp range

Significant Increase in
Stroke Detection
The most promising preliminary
result thus far is the increase in
stroke detection efficiency from
40 to 50 percent in 1995 to 60 to
80 percent today – an increase of
20 to 30 percent. Evaluations in-
dicate the upgraded network de-
tects more small subsequent
strokes. This increase in stroke
detection efficiency
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NLDN Mission: 
Quality and Value

T he NLDN’s high stan-
dards of reliability,

availability and perfor-
mance are the result of
well-planned redundancy
and strict, documented
quality control. NLDN ope-
rations are constantly scru-
tinized from data acquisi-
tion from the sensors to
data delivery to customers.
Here are a few highlights:

System-wide Redundancy
• Two separate satellites and acquisition hubs acquire data
from two evenly distributed sensor configurations. If one satel-
lite, its hub, or its hub communication link fails, the sensor set
reporting to the remaining satellite and hub provides sufficient
coverage across the United States;
• Private carrier-grade communications system of direct links
with back-up links in the event of a primary circuit failure;
• Two central processors operating independently with auto-
matic fail-over for uninterrupted analyzes of incoming sensor
data and lightning solution output;
• Back-up network control center is available at State Universi-
ty of New York at Albany.

Quality Control
• NCC operators review regional network performance hourly
using a graphical statistical analysis tool displayed by the cen-
tral processor;
• Comprehensive statistical reports on regional network per-
formance and on individual sensor performance are generated
by the central processor and reviewed daily by staff scientists;
• Failure notification of any individual sensor occurs within one
minute;
• On-call repair and maintenance staff are dispatched to sensor
sites usually within 48 hours of sensor failure and regional tech-
nicians can provide even more rapid response when needed.

Uptime and Availability
• 99.9789% average uptime for data acquisition from sensors
(2003)
• 99.9928% average availability of data broadcast to users via
satellite (2003)
• 99.9413% average availability of Internet services (2003)

Mission Critical Operations
• NCC is staffed 24 hours a day, 7 days a week, 365 days a year.
• Controlled access to NCC.
• Uninterrupted power supply with gas generator for sustain-
able power source to the NCC.
• Disaster recovery procedure in place. ●

Network Control Center for the
NLDN and CLDN is manned 24
hours a day, 7 days a week, 365 days
a year.
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Comparison: Before and After the 2002-2003 NLDN Upgrade

Basic Parameters Before After*

Number of sensors 107 113

Types of lightning sensors First generation IMPACT sensors Third generation Vaisala 

and older LPATS III sensors IMPACT ESP sensors

Sensing technology Combined MDF/TOA sensors Combined MDF/TOA sensors

and TOA only sensors

Flash detection efficiency 80-90% 90% or better

Stroke detection efficiency 40-50% 60-80%

Stroke location accuracy 500-meter median error 500-meter median error

Network uptime > 99.7% > 99.7%

Minimum peak current detected

(1st percentile) As low as 5-8 kA As low as 3-4 kA

Multiplicity 1.9 to 2.4, varying by region Increased by 20-30%

*Independent validation studies were still underway in March 2004 
to verify these preliminary findings

leads to the increase in flash de-
tection efficiency.

Validation Results
Forthcoming
Video evaluation is underway
near Dallas, Texas, which is con-
sidered to be an interior network
location. In addition, detection
efficiency, location accuracy,
and peak current calibration
studies are being carried out by
researchers at the University of
Florida's International Center
for Lightning Research and Test-
ing in Camp Blanding. Finally,
relative detection efficiency
measurements will be produced
so that NLDN users will be able
to compare 2002 and later light-
ning information with previous
years.

Like validation studies after
the 1994-1995 upgrade, final
evaluation results from the GPS-
synched digital video evalua-
tions and relative detection effi-
ciency analysis of the 2002-2003
upgrade will be made available
to NLDN users as they become
available. ●
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Key Applications for NLDN Lightning Data

• Weather forecasting: Help predict severe weather for public warning
• Electric power utilities: Pre-position field crews for approaching storm threats and to improve
engineering and design with lightning analysis
• Air traffic management: Re-route aircraft around hazardous thunderstorms
• Airports: Suspend high-risk activities like fueling during lightning threats
• Insurance and arson: Investigate lightning as the cause of property damage or fire
• Power-sensitive operations: Prepare for storm-caused power outages by switching to back-up
power early
• Hazardous materials handling: Warn personnel working near explosives and flammable
materials to evacuate
• Forestry: Dispatch crews to suspected fire starts for more successful initial attack
• Golf and outdoor recreation: Warn players to seek safety from storms 
• Aerospace: Monitor for safest weather conditions for shuttle and satellite launches


